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ONSOZ Foreword

Sayin Tip Bilisimi Arastirmacilari,

Bilimsel kongreler, meslektaslarimizla bulustugumuz ve bildiri sunumlariyla ik kez paylastigimiz
dustincelerin filizlendigi, gelistigi ve diger arastirmacilar tetikledigi 6nemli bir ortam saglar. Bu nedenle,
sizletle 14. Tip Bilisimi Kongtesi'nde sunulan bilimsel ¢alismalatt paylasmanin biyik mutlulugunu yastyoruz.

Tip bilisimi, multidisipliner bir ¢alisma alanidir ve farkli disiplinlerden arastirmacilarin bir araya gelerek
yaratict distinceler ve Urlinler gelistirmesini gerektirir. Bu nedenle, tip bilisimi uygulamalarinin bilimsel
arastirma yontemleriyle desteklenmesi, sorgulanmasi ve tartisilarak gelistirilmesi 6nemlidir. Sizler de bu
¢abanin bir pargasi olarak arastirmalarinizla kongremize biiyiik bir deger kattiniz.

Kongremizde yer alan ve bu kitapla kalict hale gelen galigmalarinizin bagarisinin stirmesini umuyor ve bundan
sonraki ¢alismalarinizda da basarilar diliyoruz.

Dear Medical Informatics Researchers,

Scientific congresses provide an important platform where we can meet with our colleagues and share onr thoughts for
the first time through paper presentations, triggering the growth of ideas and inspiring other researchers. Therefore,
we are delighted to share with you the scientific studies presented at the 14th Medical Informatics Congress.

Medical informatics is a multidisciplinary field that requires researchers from different disciplines to come together
and develop creative ideas and products. Therefore, it is important that medical informatics applications are supported,
questioned, and improved through scientific research methods. Yon have also added great value to our congress by
contributing to this effort through your research.

We hope that the success of your studies, which have been made permanent in this book, will continue, and we wish
You success in your future work.

Prof. Dr. Adil ALPKOCAK
Kongre Baskani1 Congress Chair
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Trusting Heart Failure Predictors
Abdulrezzak ZEKIYEI [0000-0003-4974-9795] and Recep ALP KUTZ [0000-0002-5781-334X]

Dokuz Eyliil University, [zmir, Turkey

Abstract. In recent years, there has been a significant rise in the use of artificial
intelligence models for predicting and classifying. Some of these models have
achieved performance on par with human error, while others have exceeded it.
One of the challenges facing these models is that they are often considered "black
boxes" because they do not provide any explanations for their decisions. In this
paper, we tackle the problem of heart failure prediction using a range of different
methods, including logistic regression, decision trees, artificial neural networks,
and random forests. In order to provide more transparency and understandability
for the end-user, we employed several methods to explain the predictions of our
models. These included SHapley Additive exPlanations (SHAP), Local Interpret-
able Model-agnostic Explanations (LIME), and decision path visualization for
decision tree models. Our experimental results showed that the Random Forests
model was the best predictor with an fl-score of 92.68% after applying feature
selection. However, we found that the decision tree model was more interpreta-
ble, allowing for better self-explainability. While SHAP and LIME were effec-
tive in explaining the models' predictions, we found that additional processing
was needed to make the explanations more easily readable for the end-user. We
processed the output of SHAP and LIME and presented them in a more under-
standable format.

Keywords: Explainable Artificial Intelligence, SHAP, LIME, Heart failure pre-
diction

1 Introduction

A knowledge base system in the medical domain gets experts and knowledge from
medical experts to provide decisions and predictions. MYCIN [1] and PXDES [2] are
examples of the first medical expert system in the 70’s and 80’s and recently modern
Al models were used to identify COVID-19 from chest x-rays like what the researchers
did in [3]. Using Al in the medical field has many advantages like predicting future
heart failure. To do so, we can use many Al models like Logistic Regression, K-Nearest
Neighbors (KNN), Support Vector Machines (SVM), Decision Trees, Forest Trees, Ar-
tificial Neural Networks (ANN), and many others. Using such models with the right
data, we can achieve satisfying results. However, the user does not know the reason
beyond a decision, and this is a problem. The solution is providing explanations to the
user along with the decision or prediction. Explainable Artificial Intelligence, X-Al, is

14. Tip Bilisimi Kongresi Bildiriler Kitabi
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the field of Al that provides explanations for the Al model’s decision. Some models are
self-explainable, like decision trees, and others can be modified to be self-explainable,
like adding an attention layer to a short-long-term memory (LSTM) model [4]. For the
models that are not self-explainable nor can be modified, we can use an ad-hoc ex-
plainer to get explanations, like LIME [5] and SHAP [6]. LIME stands for Local Inter-
pretable Model-agnostic Explanations and it is a way of giving explanations for any
classifier by learning another model to do so [6]. On the other hand, SHAP, SHapley
Additive exPlanations, calculates the contribution of each feature to the final decisions,
where we can use those values to know the features that cause the model to give its
decision.

This work has the following contributions:
1. Using SHAP and LIME to explain heart failure predictors, and interpreting the
results as readable sentences for the end-users.
2. Addressing data imbalance by using SMOTE sampling technique.
3. Improving prediction quality and explanations by selecting the most useful
features.
4. Standardizing the data through scalar normalization.

The rest of the paper is organized as follows: The next section contains a brief about
the related work in the field of predicting heart failure and using XAl in the medical
field. In the third section, we talk about the dataset we used, preprocessing it, and the
prediction and explanation methods we used. The last section talks about the result and
conclusion we got.

2 Previous Studies

Researchers have done many experiments on predicting heart failure with different
artificial models. In [7], a survey was made about the used algorithms for predicting
heart failure. They mentioned some papers that used SVM, decision trees, K-means,
and Naive Bayes algorithms for predicting heart failure. U. Pawar et. al. discussed using
explainable Al in the healthcare field in their paper [8]. They said that the lack of trust
in Al models comes from being black boxes and using X-Al in healthcare will increase
transparency, improve the model and enable tracking of the results. They also proposed
to use existing XAI models along with clinical knowledge to make Al-based systems
more useful by letting experts detecting whether the explanations are correct and in
case the prediction was wrong, we can track the problem to improve the model. Pedro
A Moreno-Shanchez in [9] used ensemble trees machine learning techniques to predict
heart failure. The best result they got was with XGBoost with an accuracy of 83%. The
author said that a study of the features’ importance can be made in order to improve the
Explainability by removing the unimportant features. They said that this would de-
crease the overfitting and computing time in addition to enhancing the model’s explain-
ability. In [10], experiments on a medical transcriptions dataset were done using five
different models for providing predictions, including self-explanatory decision trees,
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neural network models with separate explainers, and a bidirectional LSTM model with
attentions used as explanations.

3 Material and Methods

3.1 Dataset

Heart Failure Clinical Records [11] is the dataset we used. It has 12 features where
researchers collected the data of 299 patients in 2015. The 13" column,
DEATH_EVENT, represents whether the patient suffered a heart attack, 1, or not, 0.

3.2  Preprocessing

The dataset does not contain null or empty values. The twelfths column, time, contrib-
utes a lot to the death_event. However, it is the time at which the patient died or was
censored and we cannot get this data from patient when we will use our model. There-
fore, we dropped that column. The second problem we have is imbalanced classes. For
the death event, the number of deaths is approximately half the number of survivors.
This is a problem in classification/prediction and we can solve it by sampling. We used
Synthetic Minority Oversampling Technique SMOTE [12] over-sampler to solve it
where we got 406 samples. The distribution of the features after oversampling is shown
in Figure 1. The last step we did in preprocessing phase is scaling the data using a
standard scaler which means subtracting the mean of a feature from its value and then
dividing the result by the feature standard deviation.
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Fig. 1. The distribution of the features after oversampling
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33 Feature Selection

Feature selection can be done to get the best subset of features that improves the pre-
dictions [13]. Feature projection on the other hand, is the process of reducing the num-
ber of features by transforming the data like the Principal Component Analysis (PCA)
method [14]. In other words, feature selection takes a subset of original features and
feature projection transforms the original features into a smaller set of projected fea-
tures. Using feature projection will produce new features that we cannot explain. For
that reason, we used feature selection only. Since the number of features we have is 11
only, we tried all the combinations of possible subsets to obtain the subset that gives
the best performance.

3.4  Prediction

We used four different models in the prediction part. The first one is logistic regression
model, which is a statistical one. The logistic regression model tries to learn the weights
and coefficient values of a specific polynomial. The second model is a decision tree.
Decision trees use a tree-like model where the model starts the decision with the most
important feature according to the entropy value. The third predictor is forest trees.
Forest tree uses multiple decision trees in order to make the final decision. The last used
predictor is an artificial neural network, ANN. ANN has an input layer, and an output
layer and may have a hidden layer or more between them. The connections between
layers are weights and we train the ANN to learn those weights to classify or predict
the output.

3.5 Explanations

To provide an explanation for the self-explainable decision trees we plot the decision
tree. Plotting the decision tree gives us a global explanation, which means understand-
ing the model itself. When predicting a case, we also plot the decision path in order to
give a local explanation. In addition, we used LIME and SHAP ad-hoc external ex-
plainers with all the models in order to get explanations then we processed the output
of those explainers into readable sentences.

4 Experiments and results

We used sikit-learn library to build and train all the models. For LIME and SHAP, we
used the authors’ official libraries. In all of the experiments, we split the data randomly
as 80% for training and 20% for testing. After preprocessing the data as we illustrated
earlier, we implemented each predictor and explainer on the data. We calculated four
metrics; accuracy, precision, recall, and fl-score and we considered the fl-score to
make the comparison. Logistic regression gave 70.49%. Decision trees with a maxi-
mum leaf’s number equals to 10, gave 81.74%. The f1-score of the random forest with
11 estimators was 85.37%. Finally, the score of our ANN model gave 80.49%. The
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Fig. 2. ANN's architecture used to predict heart failure.

ANN model’s structure in Figure 2 has 11 input neurons, three hidden layers each of
which with six neurons, and an output layer with one neuron to predict the death event.
The hidden layers utilize the ReLU activation function, whereas the output layer uses a
Sigmoid one. Forest trees gave the best result and ANN and decision trees came next
with a close fl-score score to each other. Considering the area under the curve (AUC)
performance, the random forest model is still the best choice. We can see the AUC
performance for the four models in Table 1.

Applying feature selection, by testing all the possible subsets of the features on the
random forests, we concluded that using the subset of the following features (‘age',
'anaemia’, 'creatinine_phosphokinase', 'diabetes', 'serum_creatinine', 'serum_sodium’,
'sex’, 'smoking') is the best among other possibilities. Using this subset, the random
forest predictor’s fl-score increased from 85.37% to 92.68%. It is important to note
that due to the sensitivity of random forests, training with random splitting for the train-
ing and testing datasets should be tried several times in order to reach this result.

For the explanation part, figure 3 shows the decision paths for two examples pre-
dicted with decision trees and figure 4 shows the whole decision tree before feature
selection. By looking at the decision tree, or reading the rule extracted from the decision
path, the end-user can understand the logic that led to the final decision, and in case the
end-user is an expert, a physician in our case, they can decide whether the expected
output makes sense or not.

Table 2 shows explanations provided by LIME and SHAP explainers for logistic
regression, decision tree, random forests, and ANN respectively for the same example
before feature selection, while Table 3 shows the same explanations after feature selec-
tion. We notice that the explanations provided by LIME are the same, though we used
different predictors. On the other hand, the explanations provided by SHAP differed a
bit between a predictor and another. The numbers represent the value that affects the
final decision. For example, in the LIME explanation we have, the negative contribu-
tion of creatinine phosphokinase, age, serum creatinine, diabetes, and blood pressure
caused the final decision to be no death. By comparing the real value of our example,
we can say that the predictor predicted no death because the patient has no diabetes nor
high blood pressure, his age is 55, and creatinine phosphokinase is at normal rates.
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Table 1. The AUC performance for the four models before feature selection.

MODEL AUC
LOGISTIC REGRESSION | 0.775684
DECISION TREE 0.764742
RANDOM FOREST | 0.843465
ANN | 0.729483

Example 1:

node#0: serum creatinine <= -0.516019731760025 -0.7360376662943322

node#l: ejection_fraction <= -0.7994389533996582 0.277833179717483

Example 2:

node#0: serum creatinine <= -0.516019731760025 0.35884647755501464

node#2: ejection_fraction <= -0.2441570907831192 0.9473230971207199
node#4: serum creatinine <= 0.27605095505714417 0.35884647755501464

Fig. 3. Decision paths for two examples where we have the node id, the rule and the example's
value before feature selection

serum creatinine <= 0.512
entropy=0.888.

samples =239
True value=[166, 73] False
— < class = NO DEATH
Sjection "“":: e serum creatinine <= 0.714
Gy entropy -0.842
samples =202
samples =37
Vh':‘:'"ﬂ::r s‘:rln value = (10, 27]
C. class = DEATH
creatinine phosphokinase <= -0.424 age<=1577 “ serum sodium <= -0.454
entropy=0.996 entropy=0.576 entropy=0.0 entropy = 0.961
samples = 56 samples 146 samples = 11 samples =26
value=I30, 26] value=[126, 20] value=[0,11] value=[10, 16]
class = NO DEATH class = NO DEATH class = DEATH class = DEATH
i 0457 creatinine phosphokinase <= 0.044 -
EseT ....,l, o 0 entropy=0.946 Cieaas entropy=0.764
pli A samples =39 samples =135 samples = 11 samples =17 samples =9
T value = [25. 14] value=[122, 13] value = [4.7] Valie=13,34] value = [7.2]
e class NO DEATH class = NO DEATH class = DEATH clase = DEATH class = NO DEATH
N «
entropy=0.918 ‘entropy=0.439 age<=-1.435 ntrop,
samples = 6 samples =11 entropy=0.353 ° u’::
value=(4,2] value = [1,10] samples = 15 ,,::,":. 12,01
class = NO DEATH class = DEATH value = [1,14] - &
e class = NO DEATH
4 N
entropy=0.0 entropy = 0.0
samples =1 samples =14
value = [1,0] value = [0, 14]
class = NO DEATH class DEATH

Fig. 2. The plotted decision tree for predicting heart failure.

We can notice, by comparing the explanations before and after feature selection, that
the explanations provided after feature selection are clearer. We applied a further step
on the explanations provided by SHAP and LIME for the forest trees after feature se-
lection to provide more human-readable explanations. This was done by sorting the
weights for each feature in descending order, then creating a sentence indicating how
much the feature contributed toward death prediction or not death prediction. Figure 4
shows the interpreted predictions out of SHAP when using the Random Forests predic-
tor that was done by selecting the maximum three SHAP values (negative or positive)
and then composing a sentence for each one of them.
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Table 2. Explanations using LIME and SHAP explainers for the same example.

Predictor Logistic Regression Decision Tree Rand Forest ANN
Label 0 0 0 0
Predicted
Label
LIME Expla- 5 i 1.16
nation y smokil 159
-0.03
creatinine_phosphokinase -0.46
ejection_fraction 0.66 ejection_fraction ejection_fraction
serum_sodium 0.16 [Mage ) age
serum_creatinine -0.32 age .5 serum_creatinine . serum_creatinine
serum_sodium ) serum_creatinine k serum_sodium . serum_sodium
diabetes g diabetes . diabetes 8 diabetes
high_blood_pressure high blood pressure . high_blood_pressure 8 lhigh_blood_pressure
sex .75 sex s
SHAP Expla- g age .63 lage -0.359 [Mage
nation anaemia anaemia g anaemia -0.070 [Manaemia

inine_phospho- tinine_phosphoki- creatinine_phosphoki- inine_phosphoki-

0.088
diabetes -0.090
lejection_fraction 0.084
h bl s -0.081
-0.164

Tum_creatinine - i 1195 s tinine -0
serum_sodium 0.097 s _sodi . serum_sodium -0.065 0.062
-0.001 X -0.024 001
0.003 . S} i -0.044 S} i -0.004

Table 3. Explanations using LIME and SHAP explainers for the same example after feature se-
lection.

Predictor Logistic Regression Decision Tree dom Forest ANN
Label
0 0 0 0
Predicted
Label 0 0 0 0
LIME Expla- | GRS 157 smoking 157
nation anaemia 120 anaemia 120
creatinine_phosphokinase-0.50 creatinine_phosphokinase-0.50
serum_sodivm 0.10 serum_sodinm 0.10
054 054
-031 031
-0.94 -0.94
0.78
SHAP Expla-
nation

-0.000

rum_sodium 0.00 S0 0.00 s sodil -0.000 rum_sodium
3 o 339

nokin; 0
[serum _creatinine -0.000

-0.000 [serum _creatinine serum_creatinine -0.000

5 Conclusion

In this paper, we explored different ways to predict heart failure along with providing
explanations. We noticed that random forests was the best model. The decision tree and
ANN gave close scores, and the logistic regression model was the worst. From the self-
explainability point of view, decision tree is the only model to achieve this point. The
logic behind logistic regression is simple but understanding the resulting equation with
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creatinine_phosphokinase contributed by 0.545209 toward no death prediction.
age contributed 0.369599 toward no death prediction.
serum_creatinine contributed 0.256969 toward no death prediction.

Fig 4. An example of an interpreted predictions of SHAP values

11 variables is hard. Forest trees’ logic is simple too; however, tracking all the decision
paths in all the trees and displaying them to the user is not an option since the number
of trees is big. Lastly, ANN works in a way that the user cannot understand at all. We
discussed how we could provide explanations for any model by using either LIME or
SHAP.

Applying feature selection had an important role in increasing the predictor perfor-
mance, where an increase of 8.64% in the fl1-score was noticed for the random forests.
Moreover, feature selection made the provided explanations better since the number of
features to interpret is less.

In conclusion, when there is a choice between two models, one is self-explainable
and the other is a slightly better but non-explainable model, we believe that it is better
to choose the self-explainable model because the user will trust it and be able to know
whether the model working correctly or not. In the case where we have only non-ex-
plainable models or their performance is much higher than self-explainable ones, ex-
ternal ad-hoc explainers can be used to provide acceptable explanations that might help
the user decide whether to trust the prediction or not.
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Radyoloji Raporlari icin Metin Analiz Cercevesinin
Gelistirilmesi
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Development of Text Analysis Framework for Radiology
Reports

Abstract. Findings in the body are indicators of the ailments experienced.
Radiological imaging, which is one of the ways to obtain these findings,
is of great importance in the field of health. The radiological images taken
are interpreted by the radiologists and raw information is formed. Because
every radiological image has a report, we have a lot of raw information.
In this project, it is aimed to structure the radiology report and make it
easier to process. A radiology report can be divided into categories such
as the severity, size, shape, location, structure of the findings.
Categorization is done with natural language processing (NLP). The data
must first be extracted from the report. The most effective algorithm or
algorithms for data extraction will be determined by literature review and
will be tested on the data. Data; It will be aimed to reach a high success
rate by training with NLP methods (BERT, ALBERT, GPT-2, XLNet,
roBERTa) determined as a result of researches. As a result, processing
unstructured or semi-structured radiology reports and extracting
meaningful information will make radiology reports more
understandable. This study will enable the application of natural language
processing in the field of health.

Keywords: Radiology, Report, Natural Language Processing,
Structuralization

Ozet. Viicutta ortaya gikan bulgular var olan hastaliklarin gostergeleridir.
Bu bulgulari elde etmenin yollarindan biri saglik alaninda biiyiik 6nem
tastyan radyolojik goriintiilemelerdir. Cekilen radyolojik goriintiler
radyologlar tarafindan yorumlanarak bir 6n bilgi elde edilmektedir.
Mevcut MIMIC-CXR veri seti gorsel ve metinsel bilgiler igermektedir.
Her bir goriintii metinsel bilgi icermesinden dolayr fazla miktarda
metinsel rapor verisi mevcuttur. Calismada radyoloji raporlarini
yapisallastirarak daha kolay islenebilir hale getirmek amaglanmaktadir.
Bir radyolojik goriintii degerlendirilirken bulgularin 6nem derecesi,
lokalizasyonu, boyutu, sekli ve yapist gibi 6zellikler dikkate alinmaktadir.
Belirtilen ozellikler degerlendirilerek raporlama islemi
gergeklestirilmektedir. Metinsel raporlama yapilirken bu ézellikler dogal
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dil isleme (NLP) yéntemleriyle ortaya cikarilacaktir. Oncelikle verilerin
raporlardan ¢ikarilmas: gerekmektedir. Veri ¢ikarma igin en etkili
algoritma veya algoritmalar literatiir taramast ile belirlenecek olup veriler
tizerinde test edilecektir. Veriler; arastirmalar sonucunda belirlenen NLP
metotlari(BERT, ALBERT, GPT-2, XLNet, roBERTa) ile egitilerek
yiiksek basar1 oranina ulasmasi hedeflenecektir. Sonug olarak yapisal
olmayan ya da yar1 yapisal haldeki radyoloji raporlarinin iglenmesi ve
anlamli bilgiler ¢ikarilmasi radyoloji raporlarinin daha anlasilir olmasini
saglayacaktir. Bu c¢aligma, dogal dil islemenin saglik alaninda
uygulanmasini saglayacaktir.

Anahtar Kelimeler: Radyoloji, Rapor, Dogal Dil Isleme, Yapisallagtirma
1 Giris

Radyolojik goriintiilere ait olusturulan radyoloji raporlari, tani i¢in 6nemli bilgileri
tastyan metinsel verilerdir. Bu veriler tibbi goriintiilemelerinin acgiklanmasi ve daha
sonraki asamalarda bilgilerin analiz edilebilmesine olanak saglamaktadir. Son karar1
belirlemek i¢in dikkate alinan temel bilgileri belgelemek ve bu tiir bir analizi belirli
boliimler halinde diizenlemek yaygin bir uygulamadir [1-2]. Bu rapor bilgilerinin
analizi, makine Ogrenimi bilgisayar goriintiisinde otomatik biiylik veri kiimesi
etiketlemesi igin tibbi goérlintii veri analizinde 6nemlidir. Ne yazik ki, bilgisayarlar
islem gérmemis metni yorumlayamaz ve kategorilere ayiramaz. Milyarlarca kelime
igerebilen biiyiik bir radyoloji kitapligin1 manuel olarak etiketlemek zordur. Bu sebeple,
serbest metin radyoloji raporlarinda bu goriintii bilgilerini otomatik olarak ¢ikarabilmek
6nemlidir. Bunu ¢6zmek i¢in birgcok arastirmact, radyoloji raporu bilgilerini otomatik
olarak cikartmak i¢in dogal dil isleme (NLP) tekniklerini kullanmaktadir [1].

Dogal dil isleme (NLP), bir metin gévdesinden yapilandirilmig anlam ¢ikarmak igin
gelistirilmis bir dizi yontemdir ve saglik profesyonellerinin is akigini optimize etmek
icin kullanilmaktadir [3]. Dogal dil islemenin amaci, makinelerin insan dillerini anlaml1
sekilde okumasini ve anlamasini saglamaktir. Casey ve arkadaslarina gore [4], radyoloji
raporlarina uygulanan dogal dil islemenin (NLP’nin) daha &nceki g¢aligmalarda
biiylimekte olan bir alan oldugu ve bu konudaki derin grenme yontemlerinde de
kapsamli caligmalar yapildig1 gozlemlenmektedir.

1.1 Amac ve Hedefler

Radyoloji raporlar belirli basliklar altinda bulunan ve genellikle yar1 yapisal formda
bulunan metinsel verilerden olusmaktadir. Yar1 yapilandirilmis veriler, iligkisel veri
tabanlar1 veya diger veri tablolar bigimleriyle iligkili veri modellerinin tablo yapisina
uymayan, ancak yine de anlamsal 6geleri ayirmak ve kayit hiyerarsileri uygulamak igin
etiketler veya diger isaretleyiciler igeren bir yapilandirilmig veri bigimidir [5]. Yart
yapisal durumdaki verileri incelerken daha anlamli ¢iktilar elde etmek i¢in ilk olarak
tam yapisal duruma ¢evirmek gerekmektedir. Boylelikle yapisal hale getirilmis veriler,
dogal dil isleme yontemleri i¢in kullanilabilir hale getirilmis olmaktadir.
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Dogal dil isleme ile bu raporlardaki bulgular kismi incelenerek raporda bulunan
oneriler kismi gelistirilecektir. Caligmada tahminlenen 6neri kismi, mevcut dneri kismi
ile kiyaslanacaktir. Ciktilarin hata matrisindeki degerleri incelenecektir. Bu ¢iktilarin
basar1 oranlarmi gelistirmek igin hiperparametre segimleri degistirilerek daha iyi
sonuclar elde edilmeye calisilacaktir. Lojistik regresyon, destek vektor makineleri gibi
algoritmalara veya regresyon agaglari, sinir aglar gibi daha karmagik model ailelerine
kadar 6grenme algoritmalarinin performans: hiperparametrelerinin dogru sekilde
secilmesine baglidir [6]. Bu hiperparametre se¢imi islemi farkli parametrelerin(epoch
sayisi, batch boyutu) farkli degerleri ile tekrarlanarak daha yiiksek basari sonuglu
ciktilar elde edilmeye calisilacaktir. Ayrica kullanilan veriler de degistirilerek farkl
verisetlerindeki sonuglar da incelenecektir. Radyoloji raporunun bulgular kismi gibi
oneri kismi da hazirlanan model ile isleme dahil edilerek mevcut siiregten daha etkili
bir siire¢ elde etmek amaglanmaktadir.

2 Gere¢ ve Yontem

Veri toplama, kisinin belirtilen arastirma sorularimi yanitlamasina, hipotezleri test
etmesine ve sonuglart degerlendirmesine olanak taniyan yerlesik bir sistematik
bicimde, ilgilenilen degiskenler hakkinda bilgi toplama ve &lgme siirecidir [7].
Calismaya mevcut olan gogilis rontgenlerine ait raporlarin kullanilmas: ile
baglanacaktir. Caligmanin devaminda farkli radyoloji raporlari da mevcut verisetine
eklenecektir. Radyoloji raporlari igerisinden c¢alismaya uygun olanlar1 segilerek
caligilmaya baglanacaktir.

Verisetlerini yapisallastirma i¢in metin madenciligi ¢alismasindan yararlanilacaktir.
Metin madenciligi, yapisal olmayan ve diizensiz haldeki elektronik metin
yigmlarindan; 6nceden bilinmeyen, potansiyel olarak kullanigl, yapisal ve diizenli veri
elde etme siirecine denmektedir. Elde edilen bilgiyle, analiz edilen metin kaynaklarinda
acik olarak goriilmeyen iligkiler, hipotezler ve egilimler tespit edilmektedir [8]. Metin
madenciligi girdi metnini yapilandirilmig verilere doniistirmekte olup ardindan bu
verileri analiz etmek icin nicel yontemler uygulamaktadir. Sekil 1°de de goriildigii
iizere, yapilandirilmamis metin dizileri yapilandirilmis 6zelliklere doniistiirilmektedir.
Gereksiz karakter ve kelimeleri harig tutarak metin verileri de temizlenmektedir. Boyut
azaltma agamasi, sonraki siniflandirma asamasinin da bir pargasi olabilecek istege bagl
bir adimdir. Metinlerin siniflandirilmasinda en 6énemli unsur, en uygun siniflandirma
algoritmasinin se¢imidir. Degerlendirme asamasi iki kisma ayrilir: test setinin tahmin
edilmesi ve modelin degerlendirilmesi [9].

Dimensionality
-
Reduction

Evaluation

Prediction
(Predict test data)

]
J
< [ ]
--
- (Leaming model)

|  Evaluation of model |

Sekil 1. Metin simiflandirma sistemleri asamast (10)
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Verisetini yapilandirmak i¢in en uygun algoritmalar secilecektir. Bu ¢alismada dikkat
ceken en Onemli algoritma Kelime Cantas1 (Bag of Words) Algoritmasidir. Kelime
Cantas1 algoritmas:1 (BoW), bir belgede ve bir belge deposunda en sik bulunan
kelimeleri bulmak olarak tanimlanmaktadir. Belge deposundaki her belge BoW
kullanilarak iglenir ve Sekil 2'deki matris olusturulur[11].

s | 05 (.. | b

(ll a a2 Ulm

(12 a2 a2 voo U2

dn Uni Un2 soe Unm
Sekil 2. BoW ile matris formunda belge ¢izimi (11)

Caligsma sirasinda programlama dili olarak Python kullanilacaktir. Python, 6grenmesi
kolay, gii¢lii bir programlama dilidir. Verimli iist diizey veri yapilarina ve nesne
yonelimli programlamaya basit ama etkili bir yaklagima sahiptir. Python'un s6zdizimi
ve dinamik yazimi, yorumlanmis dogasiyla birlikte, onu ¢ogu platformda birgok alanda
komut dosyast olusturma ve hizli uygulama gelistirme i¢in ideal bir dil haline
getirmektedir [12]. Bu alanlardan birisi de dogal dil isleme (NLP) ¢alismalaridir.

Dogal dil isleme(NLP), bir dizi gérev veya uygulama i¢in insan benzeri dil islemeyi
bagsarmak amaciyla bir veya daha fazla dilsel analiz diizeyinde dogal olarak olusan
metinleri analiz etmek ve temsil etmek i¢in teorik olarak tasarlanmis bir dizi hesaplama
teknigidir [13]. Ayn1 zamanda NLP igerisinde birden ¢ok model kullanilmaktadir. Bu
modeller denenerek ¢alisma i¢in en uygun olani ile devam edilecektir.

Aragtirmalar sonucu kullanilabilecek NLP modellerinden ilki BERT modelidir. BERT
modeli [14], etiketlenmemis metinden ¢ift yonlii gosterimleri onceden egitmek ve
sonrasinda farkli NLP gorevleri i¢in etiketli metinler kullanilarak ince ayar yapmak igin
tasarlanmig ve Google tarafindan 2018 yilinda sunulmus bir doniistiiriicii modelidir.
BERT modeli, bir metni hem sagdan sola hem de soldan saga islemektedir, bu sayede
metin icerisindeki 6geler arasindaki iliskiler 6grenilmektedir [15]. Bir diger yontem
olan ULMFit, Evrensel Dil Modeli Ince Ayar olarak da bilinir. Model [16], her tiirlii
NLP gorevini gergeklestirmek i¢in kullanilabilen etkili bir transfer 6grenimi yontemi
olarak ifade edilmektedir. Son zamanlarda en etkili modellerden oldugu yapilan
caligmalarda gozlemlenmektedir.

Python kiitiiphanelerinin en yaygin olanlarindan biri olan pandas kiitiiphanesi de
caligmada kullanilacaktir. Pandas veri isleme ve veri analizi sirasinda yaygin olarak
kullanilan bir Python kiitiiphanesidir. Bir diger kiitiiphane olarak da scikit-learn
kiitiphanesi kullanilacaktir. Scikit-learn; veri bilimi ve makine &grenmesinde
kullanilan agik kaynakli bir kiitiiphanedir. Bu iki kiitiiphane bir¢ok makine 6grenmesi
¢aligmasinda kullanilmaktadir.
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2.1 Veriseti

Calismada kullanilacak olan MIMIC-CXR veriseti g6glis radyoloji raporlarindan
olusmaktadir. MIMIC-CXR, 2011-2016 yillar1 arasinda Harvard Tip Fakiiltesinin
egitim hastanesi olan Beth Israel Deaconess Tip Merkezi (BIDMC) acil servisine
bagvuran hastalarin gégiis radyoloji goriintiilerinden elde edilen bir veri setidir. 65.397
hastaya ait 377.110 radyoloji goriintiisine ait 227.835 goriintii ¢aligmasini
kapsamaktadir. Caligmalar, rutin klinik bakim sirasinda bir radyoloji uzmani tarafindan
yazilan, goriintiilerin radyolojik bulgularini tanimlayan yart yapilandirilmig serbest
metin radyoloji raporuyla sunulmaktadir. Her hastanin en az bir raporu bulunmaktadir
[17]. Raporlar examination, indication, technique, comparison, findings ve impression
alanlarindan olusmaktadir. Radyoloji raporu, yapilan goriintiileme islemlerinin
sonuglarint degerlendirerek hazirlanan tibbi raporlardir. Bulgular, etkiler ve dneriler ile
yukar1 kisminda bulunan bilgiler boliimlerinden olugmaktadir. Kullanilan verisetindeki
raporlar yapisal hale ¢evrilerek dogal dil isleme modellerine (BERT, ALBERT, GPT-
2, XLNet, roBERTa) uygulanacaktir. Dogal dil isleme yontemleri kullanilarak sonuglar
incelenecektir.

Mevcut olarak elimizdeki radyoloji raporlarinda; radyolojik goriintiileme teknigi (AP-
LAT), hastanin hastaneye gelis sebebi (sikdyet), radyoloji raporundan edinilen bulgular
(radyologun gordiikleri) ve radyologun izlenimlerinin yer aldigi gdgiis radyoloji
raporlar1 yer almaktadir. Cesitli hastalardan alinan raporlar bir araya getirilmistir. Her
hastanin yasi, cinsiyeti ve kag kere ayn1 sikayet ile geldigi bilgileri de yer almaktadir.
Sekil 3’te verisetine ait rapor 6rnegi verilmektedir.

FINAL REPORT
CHEST (PA AND LAT)

History:

, now w/

FINDINGS:

thoracic aorta aga
out the aorta. Pull

Qo0 o

IMPRESSION:

No acute cardiopulmonary abnormality.

Sekil 3. Radyolojik goriintiiye ait raporlama 6rnegi (17)
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Proje kapsaminda saglik veri seti kullanilacak olmasina ragmen, agik kaynakli olan bu
veri setindeki tim hasta bilgileri anonimlestirilmis sekilde sunulmaktadir. PHI
(Protected Health Information) ve HIPAA (USA Health Insurance Portability ve
Accountability Act) standartlarina uygun olarak kisisel hasta verileri degistirilmis ya
da silinmistir. Anonimlestirilmis verilerin yer almasindan dolay1 bu verilerin kullanim1
icin Etik Kurul Onay1 gerekmemektedir. Mevcut veri setine farkli veri setleri de ilave
edilerek galisma alaninin genisletilmesi hedeflenmektedir.

3 Sonuglar

Mevcut raporlardan bazilar1 6rmek olmasi adina segilerek tam yapisal hale getirilerek
asagida belirtilen NLP modelleriyle karsilastirilmistir. Uygulanan modeller GPT-2,
roBERTa, XLNet, ALBERT ve BERT olup bu bes modele gore elde edilen sonuglar
Tablo-1"de gosterilmektedir.

NLP Belirti Bulgular izlenim Dogruluk
Modeli Orani

GPT-2 Kalp Yetmezligi | Plevral efiizyonlar, | Hafif artmis sol | %88

akciger 6demi, | tarafli plevral
damar tikaniklik eflizyonlar ve hafif
damar tikanikligt

XLNet Kalp Yetmezligi | Plevral efiizyonlar, | Hafif artmis sol | %96
akciger 6demi, | tarafln plevral
damar tikaniklik efiizyonlar ve hafif
damar tikaniklig1

ALBERT | Kalp Yetmezligi | Plevral efiizyonlar, | Hafif artmis sol | %93
akciger O0demi, | tarafll plevral
damar tikantklik eflizyonlar ve hafif
damar tikaniklig

roBERTa | Kalp Yetmezligi | Plevral efiizyonlar, | Hafif artmis | %95
akciger 6demi, | plevral efiizyonlar
damar tikaniklik ve hafif damar

tikanikligi, sol
tarafli plevral
efiizyon orta

dereceli, sag tarafli
plevral  efiizyon
hafif dereceli,
kardiyak konturlar
kismen gizlenmis,
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mediastinal ve
hiler konturlar
benzer gériiniimde

BERT Kalp Yetmezligi | Plevral efiizyonlar, | Hafif artmis | %90
akciger 6demi, | plevral efiizyonlar
damar tikaniklik ve hafif damar

tikanikligs, sol
tarafli plevral
eflizyon orta

dereceli, sag taratli
plevral  efiizyon
hafif dereceli

Tablo-1 Bes modelin sonug raporu tablosu

BERT modeli igin sonug tablosu, diger NLP modellerinde oldugu gibi, belirti, bulgular,
izlenim ve dogruluk orani gibi bilgileri igermektedir. Ancak, BERT modeli diger
modellerden daha gelismis bir 6n egitim (pre-training) yontemi kullanir ve daha yiiksek
derecede anlamsal anlama kabiliyetine sahiptir. Bu nedenle, BERT modeli i¢in sonug
tablosu daha ayrmtili ve detayl bilgiler icermektedir. Liu ve arkadaglarmin yaptiklari
bazi arastirmalara gore; roBERTa modeli, BERT modelinin bir gelistirilmis
versiyonudur ve daha iyi performans gostermektedir [18]. Bu nedenle, Tablo-1’den de
anlasilacagi tizere roBERTa modeli igin sonug tablosu, BERT modeli i¢in olusturulan
sonug tablosuna benzer olabilir ancak daha yiiksek derecede dogruluk orani ve daha
ayrintili ve detayli bilgiler igermektedir. Tablodaki ‘izlenim’ siitunundan da
anlasilacagi lizere tahmin edilenin daha ayrintili ve detayli bilgi igermesi okuyucunun
daha detayli ve dogru bilgiye sahip olmasini saglamaktadir. Lan ve arkadaglarinin
yaptiklari ¢alismalara gore; ALBERT modeli, BERT ve roBERTa modellerinden daha
az parametre igeren ve daha az biiyiik bir modeldir, ancak ayni performans seviyesinde
ve hatta daha iyi performans gostermektedir [19]. Ancak ALBERT modeli ile elde
edilen dogruluk oran1 BERT ve roBERTa modellerinden daha az parametre kullanarak
daha az biiyiik bir modelde elde edilmis olabilir. Tabloda bunu ‘Izlenim’ siitunundaki
verilerin detayli yazimma goére daha net anlamaktayiz. XLNet modeli ile elde edilen
Tablo-1"deki dogruluk oran1 BERT, roBERTa ve ALBERT modellerinden daha iyi
performans gostermektedir. GPT-2 modeli, dogal dil isleme alaninda &nemli bir
adimdir. Ancak, Ozellikle radyoloji raporu olusturmak icin kullanilmas: icin
egitilmemistir. GPT-2 modelleri, 6nceden egitilmis verisetleri olmadan 6grenme
yetenegine sahip oldugu icin radyoloji raporu yazmak i¢in kullanilabilecek bir model
olabilir. Ancak, Tablo-1’de de goriildiigii izere dogruluk orani diger modellerden daha
diisiiktiir.

Yapilan calismalar sonucunda simdilik en iyi model sonucunun XLNet oldugu
goriilmiistiir. Dogruluk orani degisikligi gelecek ¢alismalarda farkli verisetleri ve farkli
modeller eklenirse degisme yasanabilir. roBERTa modelinin de okuyucunun daha rahat
anlamasi i¢in kullanilabilecek en iyi modellerden oldugu gériilmiistiir.
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4 Gelecek Calismalar

GPT-2, BERT, ALBERT, roBERTa ve XLNet modelleri haricinde arastirmalarin
devaminda bulunan farkli NLP makine 6grenimi modelleri de denenerek en uygun
olant secilmeye caligilacaktir. Tahmin ve test verilerinin uyumuna gore (yiizdelik
fazlaliga gore) karar verilecektir. Gogiis radyoloji disindaki alanlarin da radyoloji ve
tomografi raporlar1 veriseti olarak kullanilarak karsilastirmalar  yapilmasi
hedeflenmektedir. Ornegin; gdgiis raporlarmm bulundugu verisetinde ulasilan en
uygun model ve beyin tomografisi raporlarinin bulundugu veriseti i¢in ulagilan en
uygun modelle kargilastirilacaktir. Bu karsilastirma hangi alana ait verisetinin hangi
NLP modeliyle daha yiiksek dogruluk oranma ulastigina bakilmasma olanak
saglayacaktir. Calisma sonucunda gelistirilen model ayni alandaki farkl: veri setlerinde
denenmesi ve karsilastirilmasia firsat olusturacaktir. NLP, radyologlarin klinik karar
verme siirecinde destek mekanizmasi olarak kullanilacaktir. Makine 6grenimi
modelleri, yeni gelen rapor i¢in en uygun sonuglar ile eslestirilmektedir. Bu sayede
radyologlara uygun tani ve tedavi yontemleri i¢in onerilerde bulunabilmektedir. Bu
durum radyologlarin rapor dogrultusunda uygun teshise karar vermelerine olanak
saglamaktadir. Boylelikle hastanin uygun tam1 ve tedavi almasmna imkan
saglanmaktadir.
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Abstract. Diabetes is a chronic disorder identified by the high sugar
level in the blood that can cause various different disorders such as kid-
ney failure, heart attack, sightlessness, and stroke. Developments in the
healthcare domain by facilitating the early detection of diabetes risk can
help not only caregivers but also patients. AIoMT is a recent technology
that integrates IoT and machine learning methods to give services for
medical purposes, which is a powerful technology for the early detection
of diabetes. In this paper, we take advantage of AIoMT and propose a
hybrid diabetes risk detection method, DiabML, which uses the BWO
algorithm and ML methods. BWO is utilized for feature selection and
SMOTE for imbalance handling in the pre-processing procedure. The
simulation results prove the superiority of the proposed DiabML method
compared to the existing works. DiabML achieves 86.1% classification
accuracy by AdaBoost classifier that outperforms the relevant existing
methods.

Keywords: BWO, Classification, Machine Learning, Smart Healthcare.

1 Introduction

Diabetes is one of the major invasive disorders which rises up in human beings
because of the high glucose level in the blood. The long-term disorderliness in
glucose levels contributes to severe damage in diabetic patients’ blood vessels [1].
As reported by World Health Organization (WHO), diabetes is known as the
seventh fatal disease. Recently, the essential changes in human beings’ lifestyles
have led to arising various disorders, such as obesity /overweight, hypertension,
diabetes, and cancer [2].

Generally, diabetes is caused by some life-risk factors such as high body
weight, inappropriate food style, sleeplessness, and chewing tobacco. In the short-
term, diabetes can lead to kidney failure, hypoglycemia, and ketoacidosis [3].
Besides, gangrene can be triggered by diabetic foot diseases. In the long term,
diabetes can lead to cardiac diseases, microvascular, and sightlessness [4]. Dia-
betes may even appear in children due to the lack of physical activity. Unfortu-
nately, there are not any appropriate medicines for diabetes. However, managing
it with suitable measures can lead to a healthy, long, and normal life [5].

Based on the International Diabetes Federation (IDF) reports, the number
of people who die from diabetes is dramatically high. Also, there are numerous
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people who suffer from diabetes. There is an essential need for technology dedi-
cated to diabetes management and early detection of the risk of getting diabetes
[6]. Adopting emerging technologies, like the Internet of Medical Things (IoMT)
[7], Artificial Intelligence (AI), and Machine Learning (ML), paves the way to
identify and predict the risk of getting diabetes in advance [8].

IoMT is the subgroup of the Internet of Things (IoT) technology, which
includes connected medical apparatuses for healthcare management and moni-
toring. [oMT technology integrates automation, Al, and physical sensors, which
facilitates the self, clinical, and remote monitoring of the patients. The inte-
gration of the IoT, medical devices, and ML models, along with data analytics
procedures for advanced and complicated healthcare services, contributed to a
novel concept called Artificial Intelligence of Medical Things (AIoMT) [9]. Using
AToMT, patients can easily connect to health centers/specialists via medical ap-
paratuses and remotely access, collect, transmit, and process health data through
a secure network. AIToMT helps with diminishing inessential hospitalization and,
thereby, the corresponding healthcare costs by opening the doors for wireless
monitoring of health factors.

The integration of medical devices and Al, especially ML, has extremely
boosted healthcare services. This transformation from traditional healthcare ser-
vices/monitoring to automated, connected AIoMT-based health services forms a
revolution in the medical field. Owing to these technologies, people with reduced
cost and time are able to track their health condition [10].

Accordingly, adopting the integration of AIoMT can pave the way for the
early detection of diabetes or the risk of getting it, which helps to reduce the
detrimental effects. This research aims to improve the early detection of di-
abetes by reducing the number of features using a meta-heuristic algorithm,
namely Black Widow Optimization (BWO) [11]. This work includes compara-
tive research on different ML classifiers applied to a publicly available dataset.
The contributions of this study are:

— We propose a hybrid method, DiabML, for the early detection of diabetes,
which utilizes a meta-heuristic algorithm and ML classifiers. In other words,
a hybrid meta-heuristic and ML approach is proposed to detect the risk of
diabetes in advance. The designed strategy adopts the BWO algorithm to
reduce the number of features and ML classifiers to predict diabetes.

— A publicly available dataset, named Diabetes Health Indicators Dataset, ac-
cessible in Kaggle, is adopted. Before conducting any processing on data, we
normalize them between 0 and 1 since their ranges and units were different.
Normalizing the data helps with placing them in one range and facilitating
data processing. To this end, we have utilized the MinMax scalar technique.

— Since the adopted dataset is an imbalanced dataset, we utilize Synthetic
Minority Oversampling Techniques (SMOTE) to cope with the imbalance
data problem.

— DiabML method achieves 86.1% classification accuracy by AdaBoost classi-
fier, which outperforms the relevant existing works. The experiments prove
the impact of handling data imbalance issue in classification.
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The remainder of the paper is as follows. Related literature is discussed in
section 2. The description of system model is provided in section 3. Then, section
4 includes the description of the adopted dataset and the details of the proposed
DiabML methodology. The outcomes of the research are brought into sight in
section 5. Eventually, the conclusion of this study and future work are discussed
in section 6.

2 Related Literature

There exist several research works attempting to diagnose diabetes in ad-
vance. In this section, the studies that focus on predicting the risk of getting
diabetes using ML classifiers are reviewed.

The authors in [12] proposed an automated diabetes detection system us-
ing ML models. The authors have utilized five ML classifiers, including Logistic
Regression (LR), Decision Tree (DT), Random Forest (RF), K-Nearest Neigh-
bor (KNN), and Gaussian Naive Bayes (NB). In order to diminish the dataset
dimensionality, they have used Principal Component Analysis (PCA). Also, to
handle the imbalance problem, they have utilized SMOTE. They compared the
results according to the accuracy and some other metrics. They claimed that
Random Forest, with 82.26% accuracy, defeated other classifiers.

As another research work, authors in [13] have tried to predict the risk of dia-
betes by ML classifiers. They adopted KNN, LR, DT, RF, and NB classifiers and
a publicly available dataset. They concluded that the DT and RF, respectively,
by 84.78% and 84.89% accuracy, outperform other classifiers. They claimed that
DT and RF are the two best classifiers for predicting the risk of diabetes.

Moreover, researchers in [4] have used Kernel entropy component analysis to
decrease the dataset dimensionality. Also, the adopted NB, LR, linear discrim-
inant analysis, KNN, support vector classifier (SVM), DT, extreme gradient
boosting, RF, and kernel entropy component analysis. They have three phases
in their proposed model, including feature extraction, classification, and diabetes
risk prediction.

Furthermore, researchers in [14] have utilized NB, LR, SVM, Bayesian Net-
work (BN), Artificial Neural Network (ANN), KNN, RF, Logistic model tree,
reduced error pruning, rotation forest, AdaBoost, Stochastic Gradient Descent
(SGD) to predict the risk of diabetes. They evaluated the classifiers with various
metrics such as Precision, Fl-score, recall, and accuracy. They have validated
their evaluations by 10-fold cross-validation. Also, they have used SMOTE for
the imbalance problem handling.

Authors in [15] aim to explore various ML classifiers and their performance to
predict the risk of diabetes. They have adopted radial basis functions, KNN, NB,
extra trees, Multi-layer perception (MLP), and DT to classify the diabetic data.
The classifiers are evaluated by some metrics, such as accuracy, Kappa score,
recall, precision, Fl-score, root-mean-square error (RMSE), and mean square
error (MSE). They have used the Prima Indian diabetes dataset and concluded
that MLP outperforms the other classifiers.
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With regard to the reviewed research works above, several studies have been
conducted to predict the risk of diabetes via ML, especially by classification al-
gorithms. However, there is still an essential demand for development to obtain
more better and accurate outcomes. In this regard, this research designs a novel
hybrid strategy, named DiabML, utilizing BWO and ML classifiers to predict
the risk of diabetes in advance.

3 System Model

The system model includes four layers, encompassing Things, Edge, Fog,
and Cloud layers. The Things layer includes different sensors and medical de-
vices which are responsible for data collection. The edge layer comprises small
and resource constraint end devices such as smartphones, smart bands, smart
watches, and tablets. The fog layer includes devices such as laptops, desktop
PCs, and workstations, which are more powerful than edge layer devices. The
cloud layer, including cloud data centers, has the capability of processing and
storing big data.

The general illustration of the system layers and phases is given in Figure 1.
We defined the AToMT with these four layers, where the edge, fog, and cloud
layers are equipped with ML methods. Since edge and fog layers are close to the
end devices, the processes can be conducted on them with less communication
cost, less network traffic, less bandwidth usage, less power consumption.

Our assumption is that the patients are provided with different relevant sen-
sors and IoT devices to collect the needed data. In this architecture, the edge
layer is in charge of performing normalization and data cleaning the collected
data, then, transmitting them to suitable fog devices. The fog layer is respon-
sible for conducting the rest of pre-processing procedure, including imbalance
handling and feature selection. In case the processing power is enough for ap-
plying the classification algorithms on the data, they will be classified in the
fog layer. The cloud layer is responsible for performing the processes needed for
more powerful systems and permanent results/data storage.

Things Layer Edge Layer Fog Layer Cloud Layer
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Fig. 1: The system layers and phases
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A hybrid machine learning strategy, DiabML, for predicting and early de-
tection of diabetes has been proposed in this research. As depicted in Figure 2,
the proposed model includes five phases, namely data collection, pre-processing,
model design, model validation, and prediction phases. The sensors and other
IoT end devices are in charge of performing the data collection phase. The pre-
processing phase is responsible for preparing the data for the classification phase.
To this end, in this phase, data are normalized between 0 and 1 to scale all data
in a shared range. The imbalance handling and dimensionality reduction pro-
cesses are also accomplished in this phase. The dataset is split into two parts,
including the training and testing parts. In the model design phase, various clas-
sification methods are applied to the training set. Then, in the model validation
phase, the trained models are tested using the test set. Eventually, according to
the outcomes, the system would determine whether the associated patient has a
risk of diabetes or not.

Data collection is Normalization

il | Dty || S| i | et
medical end devices imbalance handling Igrainin et %cstin o 1;\ e.i‘s ased on l]e
and sensors Feature selection g g classification results
Data Collection Pre-processing ’ Model Design ’[ Model Validation ]’ Perdiction

Fig. 2: The phases of the proposed methodology DiabML
4 Data and Methodology

This section discusses the used dataset and the proposed smart methodology
for diagnosing diabetes in advance. First, the dataset is introduced, and then
the flow of the diabetes diagnosis process is thoroughly addressed. Figure 3
visualizes the flow of the process vividly. The proposed methodology includes
five phases, including data acquisition (collecting data from patients), data pre-
processing (normalization, data cleaning, imbalance handling, feature selection),
classification, evaluation, and prediction.

4.1 Data description

Diabetes Health Indicators Dataset ! is utilized to evaluate the proposed Di-
abML methodology. This dataset includes 253,680 data points with 21 features
that are collected annually by the CDC via the Behavioral Risk Factor Surveil-
lance System (BRFSS). The adopted dataset is a labeled dataset and is publicly
available on Kaggle.

4.2 Data pre-processing

Aiming to classify and predict the risk of diabetes, the raw data should
undergo the pre-processing procedure. To this end, first, we normalize the data
by MinMax scalar technique to put all the data in a common range. In the
next step, for data cleaning, we have adopted Sci-kit learn functions to get
rid of dummy data. Afterward, we utilized SMOTE technique to cope with
the imbalance problem of data. Then, we used the BWO algorithm for feature
selection and reducing the data dimensionality.

! https://www.kaggle.com/datasets/alexteboul/diabetes-health-indicators-dataset
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Fig. 3: The flowchart of DiabML

4.3 Feature selection using BWO

Feature selection problem in ML methods is one of the challenging issues for
reducing the data volume. The aim of feature selection is to diminish the number
of features and select an adequate number of features that lead to the best
possible performance. The feature selection is an NP-hard issue since there can
be various combinations of features with different performances. Meta-heuristic
algorithms are one of the popular and efficient methods for solving NP-hard
problems [16].

In this study, the BWO algorithm is adopted to attain an optimal solution
for the feature selection issue. The pseudo-code of adopted BWO is illustrated in
Algorithm 1. The BWO is an evolutionary algorithm imitating the strange habits
of black widow spiders. Like other evolutionary algorithms, BWO is initiated by
a set of random potential solutions. The procreate phase is applied to the initial
set and produces offspring for each pair. The number of offspring will reduce
by the cannibalism phase. The existing solutions are modified by the mutation
phase and contribute to the new solutions. At the last state, the number of
existing solutions must be reduced to reach the primary set size. To this end,
the algorithm omits the worst solutions. This algorithm is an iteration algorithm,
so all the steps will repeat till the stopping criteria is met. Eventually, the best
resolution will be introduced as the result for the associated problem.
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Each potential solution is implemented as a vector, the length of which is
equal to the number of selected features (n). Each item of the array includes an
integer value between 1 and 21 since the number of features in the dataset is 21.
Each item represents the index of the chosen feature. In order to determine the
number of selected features, we have accomplished some experiments and finally
concluded that selecting nine features out of 21 contributes to better results in
terms of classification accuracy.

Algorithm 1: BWO Algorithm

1 Input The dataset including all features

2 Output A subset of chosen features

3 produce random initial solutions

4 Select better solutions and place them in p1
5 while Stop criteria is not met do

6 for procreate and cannibalism steps do
7 randomly select a pair from pl
8 generate offspring (solutions)
9 keep the better solution and remove the other one
10 apply the cannibalism and remove some offspring
11 preserve the remaining in p2
12 end
13 for mutation step do
14 choose a vector from pl
15 update the chosen vector
16 preserve it in p3
17 end
18 append p2 and p3 to the primary set
19 select n better solutions and remove the others
20 return the best solution as a solution of this generation
21 end
22 return the best result of all iterations as the final solution (A set of selected
features)

4.4 Machine learning classifiers

This part of the paper is dedicated to introducing the adopted ML classifiers
in this study.

Naive Bayes classifier utilizes the Bayes theorem. This classifier is based
on the probability and calculates the posterior probability of the class, which
indicates the probability of occurrence of that class. Logistic Regression clas-
sifier uses the equation 1 to find the probability of classifying an input X as the
member of class 1.

_exp(Bo + f1X)
P = T cap(Bo + 51 X) W

Here [y represents the bias, and (£; indicates the weight, which should be
multiplied by input X.

14. Tip Bilisimi Kongresi Bildiriler Kitabi
Proceedings of 14th Turkish Congress of Medical Informatics
16-18 Mart 2023 / 16-18 March 2023

25



Decision Tree classifier includes interlinks among both external and inter-
nal nodes, which are used for decision-making. K-Nearest Neighborsclassifier
tries to find the distances among an entity and all the data points in the dataset,
choosing the determined number of data points (K) nearest to the associated en-
tity, then deciding on the most frequent class label. Random Forest classifier
combines various decision trees by utilizing the bagging concept. This combina-
tion can somehow improve prediction accuracy [5]. SVM classifier generates a
hyperplane in order to conduct the classification. Thus, all of the data points
corresponding to one class would place on one side of the hyperplane and the
rest on the other side. The aim is to optimize the maximum distance between
the two classes. Multilayer perceptron classifier is one of the popular neural
network models in the connected healthcare field, which take advantage of us-
ing different layers. AdaBoost classifier is an adaptive boosting algorithm that
utilizes the ensemble strategy for increasing the efficiency of weak learners.

4.5 Evaluation metrics

In this section, performance metrics used for evaluation and comparison of the
proposed DiabML methodology are described. The adopted evaluation metrics
are usually defined and calculated according to FP, TP, FN, and TN, which are
described below.

— FP stands for False positive, defined as the wrong anticipation ratio of the
positives.

— TP the true classification ratio for the positive class.

— FN stands for False negative, defined as the wrong prediction ratio of the
negatives.

— TN stands for True Negative, defined as the true classification ratio of the
negative class [17].

The utilized metrics are listed and described as follows.

ROC (Receiver Operating Characteristic) Curve is a graph that represents
the false positive ratio versus true positive ratio (FPR vs. TPR defined by equa-
tions 2 and 3).

FP

FPR = (FP+TN) @
TP

TPR= (TP +FN) ®)

The area under the ROC curve shows AUC (the area under the ROC Curve),
which displays the cumulative measurement of all possible classification thresh-
olds.

Accuracy is a primary measure to compute the performance of classification
problems by a mathematical formula defined in equation 4.

(TP +TN)

A - 4
CUrGY = TP Y FN + TN + FP) “)
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Sensitivity: Recall (Sensitivity) is defined as equation 5, and identifies any
patient having Diabetes.

TP

Specificity: is defined as equation 6 which identifies any non-Diabetic pa-

tient.
TN

(TN + FP) ©)

Speci ficity =

Precision: There is another important evaluation metric named Precision
that computes how the model performs precisely. Precision can be defined as
equation 7.

TP
Precision = m (7)

F1-score: Discovering an equilibrium and balance between precision and
sensitivity is the aim of the Fl-score, which can be defined by equation 8.

(2T P) <
(2TP + FN + FP) ®)

MCC: Finally, MCC is the abbreviate of Mathew Correlation Coefficient
and is defined as equation 9.

F1 — score =

(TP x TN) — (FP x FN)

MCC =
V(TP +FP)(TP+ FN)(TN + FP)(TN + FN)

(9)

5 Experiments and Results

This section discusses the experiments and the obtained outcomes. To evalu-
ate the proposed DiabML method, we execute the implementation with/without
feature selection and with/without imbalance handling.

In the first part of the demonstration of the results, we have compared the
obtained model accuracy of our proposed DiabML method with two existing
works, PCAML [12], and Vanilla [13], which adopted the same dataset. Table 1
illustrates the accuracy comparison between the proposed method and existing
works, as mentioned earlier. Some of the classifiers we adopted have not been
used in the existing works, which are marked as N/A (that is, Not Applied)
in the table. Considering these results, it can be concluded that our proposed

method, almost in all classifiers, outperforms the other existing works.
In the second part, the implementation is tested with/without feature se-

lection/imbalance handling. Figure4 depicts sensitivity and precision before and
after imbalance handling in subfigures 4a and 4b respectively. Similarly, Figure 5
compares Fl-score and MCC of different classifiers before and after handling the
data imbalance problem in Figures 5a and 5b, respectively. As can be seen from
the figures, imbalance handling can significantly increase sensitivity, precision,
F1l-score, and MCC.

14. Tip Bilisimi Kongresi Bildiriler Kitabi
Proceedings of 14th Turkish Congress of Medical Informatics
16-18 Mart 2023 / 16-18 March 2023

27



Table 1: Accuracy comparison with existing works

Algorithm|Proposed DiabML|PCAML [12]|Vanilla [13]
NB 81.23 70.56 79.02
SVM 85.95 N/A N/A
LR 86.01 72.64 72.49
DT 86.08 81.02 84.78
KNN 84.26 80.55 74.27
RF 85.12 82.26 84.89
MLP 86.01 N/A N/A
AdaBoost 86.1 N/A N/A

Before 11 After

W swum 0T km e we Ao W swmor R e Aseon
(a) Sensitivity comparison (b) Precision comparison

Fig. 4: Classifiers Performance before and after imbalance handling

Before 11 After Before 11 After

MCC (%)

F1 S
8

NB s R ot KNN RF MLP  AdaBoost NB svm R oT KNN RF MLP  AdaBoost
Classifiers Classifiers

(a) F1-Score comparison (b) MCC comparison

Fig. 5: Classifiers Performance before and after imbalance handling

The comparison of model accuracy with/without feature selection is shown
in figure 6a. As can be seen, all of the classifiers perform better after applying the
proposed feature selection strategy. Moreover, figure 6b shows the ROC curve,
which illustrates the trade-off between sensitivity and specificity. The curves
within reach of the top-left corner belong to classifiers with better performance.
Oppositely, the curves far away from the top-left belong to the classifiers that
perform worse.
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Before 11 After

g

NB s R oT KNN RF MLP  AdaBoost ’ : False Poslive Rate
Classifiers

(a) Accuracy comparison before and after (b) ROC curve evaluation
feature selection

Fig. 6: Classifiers Performance

6 Conclusion

With regard to the severe issues and disorders that can be raised via diabetes,
early detection and helping people not to suffer from diabetes is so vital. In this
regard, newly emerged technologies like ToMT and AIoMT are the perfect candi-
dates. AToMT integrated IoT and machine learning to facilitate medical services
everywhere for everyone. In this paper, we designed an efficient method, named
DiabML, for early diabetes risk detection, which employs a meta-heuristic algo-
rithm named BWO for feature selection and SMOTE for handling the imbalance
problem of the adopted dataset. The AIoMT architecture includes four layers,
encompassing Things, edge, fog, and cloud data center. The experimental re-
sults of the DiabML method are compared to existing works that adopted the
same dataset. Also, the results of the DiabML method are compared with the
vanilla setups (without feature selection/ imbalance handling). The outcomes
demonstrate that the designed DiabML method outperforms the existing works
in model accuracy. Also, the results show the impact of feature selection and im-
balance handling in terms of accuracy, precision, sensitivity, specificity, F1-Score,
and MCC. Moreover, among the adopted classifiers, AdaBoost, with 86.1% ac-
curacy, outperforms the other classifiers. In the future, we can conduct learning
the data locally instead of collecting data from different clients and producing
a big dataset. To this end, federated learning can be utilized to train the data
locally and only share the model parameters with other collaborators.
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Abstract:

Introduction and purpose: Radiologists have been at the forefront of technology in medi-
cine, playing a primary role in guiding the incorporation of artificial intelligence into medicine.
The problem of increasing workload and the development of computer technology force to
rapidly integrate artificial intelligence into interventional radiology, along with all sub-branches
of radiology. The aim of this study is to shed light on the recent past by compiling the studies
on interventional radiology and artificial intelligence in the last 5 years. Thus, it will be dis-
cussed which issues are on the agenda today.

Material method: Articles published in the web of science database between January 2017
and December 2022 were compiled by scanning. During the search, the keywords
'interventional radiology' and ‘artificial intelligence' or 'machine learning' were searched in the
database in the title and/or abstract. Among the articles found, those that were irrelevant such as
animal experiments, those that gave unnecessary information, and those with overlapping pa-
tient information were eliminated. Original research articles, review articles and statements of
international societies on the subject were evaluated.

Results and discussion: Total of 12 review articles and 1 paper were evaluated. As a result,
artificial intelligence applications in interventional radiology were evaluated by dividing them
into three as pre-procedure, during the procedure and after the procedure. Finally, the difficul-
ties encountered in artificial intelligence-interventional radiology applications and possible
future perspectives were mentioned.

Conclusion: The increasing contribution of artificial intelligence and machine learning to
patient treatment in interventional radiology practice will increase soon. It is foreseen that the
workload of interventional radiologists will decrease as well as it will enable faster and more
effective procedure procedures.

Keywords: Artificial Intelligence, Interventional Radiology, Machine Learning

Giris ve amac:

Radyologlar tipta teknolojinin 6n saflarinda yer alip yapay zekanin tibba dahil
edilmesine rehberlik etme konusunda birincil rol oynadilar (1). Makine 6grenme
teknikleri bagta olmak iizere yapay zeka tanisal radyolojide is akisini ve tant koyma
tekniklerini 6nemli Ol¢iide degistirmistir (2). Artan is yikii sorunu, bilgisayar
teknolojisinin gelismesi ile yapay zekayi-radyoloji bransinin tiim alt dallariyla
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birlikte-girisimsel radyolojiye de hizla entegre etmeye zorlamaktadir (3). Yapay sinir
aglar1 diger ndronlardan veya c¢evreden girdi alan ve bunlarin toplami iizerinden
dogrusal olmayan bir aktivasyon islevi (4) gergeklestiren, girdi ve ¢iktisini diger
noéronlara ileten, yapay ‘ndronlardan’ olusan biyolojik sinir aglarinmn (4) karmagik
baglanici tasarimmdan esinlenmistir. Her yapay sinir ag1 katmani bir veya daha fazla
kaynaktan bilgi alarak bilgiyi isleyen ve yanit iireten bir matematiksel modeldir. Bu
sinir agmi egitmek i¢in etiketler olarak adlandirilan eslestirilmis girdilerden ve istenen
ciktilardan olusan genis bir veri kiimesi toplanmalidir. Goériintiileri islemek igin
kullanilan en popiiler mimarilerden biri de evrisimsel sinir agidir (CNN). Noronlar
uzamsal olarak organize edilir, bitisik piksellerden de girdiler alinir, bilgi daha yiiksek
dereceli temsillere doniistiiriilerek ¢ikti alinir. Denetimli ve denetimsiz 6grenme
sekilleri ile makine 6grenmesi egitilebilir (5). Bu ¢alismamizdaki amag, son 5 yilda
girisimsel radyoloji ve yapay zeka ile ilgili yapilan ¢alismalar1 derleyerek yakin
gecmise 151k tutmaktir. Boylece giintimiizde hangi konularmn giindemde oldugu,
karsilasilan zorluklar tartisilacaktir.

Materyal ve metod

Ocak 2017- Aralik 2022 tarihleri arasinda ‘web of science’ veri tabaninda
yayinlanmis makaleler taranarak derlendi. Tarama sirasinda veri tabaninda baslik
ve/veya Ozette ‘girisimsel radyoloji ve ‘yapay zeka’ veya ‘makine 6grenmesi’ anahtar
kelimeleri arandi. Bulunan makalelerden hayvan deneyi gibi ilgisiz olanlar, gereksiz
bilgi verenler ve ortiisen hasta bilgisi olanlar elendi. Ozgiin arastirma makaleleri,
derleme makaleler ve uluslararast topluluklarm konu ile ilgili bildirileri
degerlendirmeye alindi.

Bulgular ve tartisma:

Toplam 12 derleme makale ve 1 bildiri degerlendirildi. Makalelerin degerlendirilmesi
sonucu girisimsel radyolojide yapay zeka uygulamalar: bir¢ok referansin da énerdigi
gibi prosediir oncesi, prosediir sirasinda ve prosediir sonrasi olarak iige ayrilarak
degerlendirildi (3). Son olarak yapay zeka-girisimsel radyoloji uygulamalarinda
karsilagilan zorluklar, girisimsel radyoloji egitiminde gelecekteki yeri ve olasi gelecek
perspektifine deginildi.

1. Prosediir éncesinde yapay zeka uygulamalari:

Girisimsel radyoloji pratiginde yonetilmesi en zor alanlardan biride randevu
saatlerinin uygun sekilde planlanmasi ve koordine edilmesidir. Sedasyon uygulamast
yapilacak hastalar i¢in islem oncesi aglik siiresinin optimizasyonu dzellikle pediatrik
hastalar i¢in 6nem arz etmektedir. Bu siireci yonetmek ve iyilestirmek igin i akist
¢oziimleri tiretilmistir. (6). Bunun yaninda otomatik arama agaglar1 da benzer amaca
hizmet etmek i¢in kullanilmistir. Google CallJoy projesi (7) nin bu agidan gelecek
vaat ettigi 2022 de yaymlanan Desai ve arkadaslarmin yazisinda belirtilmistir. (8)
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Cesitli yapay zeka uygulamalart mevcut verilerden elde edilen sonucu tahmin ederek
cogunlukla konseylerde tartisilarak ortak verilen hasta se¢imi kararmnda yardimet
olabilmektedir (2). Akut iskemik inmede endovaskiiler tedavi gerekliligini belirlemek
icin penumbra ve enfarkt alanlarinin hacim gibi fizyolojik parametrelerinin
kullanilmasi 6rnek olarak verilebilir (9-11). Benzer sekilde girisimsel onkolojide has-
ta se¢imini belirlemek i¢in Morshid ve arkadaslar1 (12) hepatoseliiler kanser igin
transkatater arteriyel kemoembolizasyona yanit1 kilinik ile birlikte degerlendirilerek
tedavi 6ncesi ¢ekilen BT inceleme ile dogru hasta secimini iyilestirmek igin algoritma
tanimlamaktadirlar. Peng ve arkadaslar1 (13) ve Kim ve arkadaslari(14) da TAKE ye
yanit1 degerlendirmek i¢in multimodalite, genetik ve radyomiks verileri ile algoritma
olusturmuslardir.

2. Prosediirde yapay zeka uygulamalari:

Yapay zeka, anjiyografide piksel kaydirma yoluyla oteleme hareketinin manuel
diizeltilmesi gibi giinliik rutine girmis hesaplamalarla bizlere yardimcidir. Gao ve ark
lari. (15) on kontrastsiz goriintii olmadan kontrastli ¢ikarilmamis anjiyografi
goriintiilerinden diizeltilmis ¢ikarilmis anjiyografi modeli iizerine g¢aligmislardir.
Anjiyografi sirasinda kullanilan klavuz tel ve kataterleri belirlemek i¢in de yapay zeka
uygulamalar1 kullanilmustir. (16). Katater se¢imi igin akilli bir sesli uygulama ile
katater se¢imi i¢in harcanan zaman da kisalmistir (17). Klavuz tel ve kataterlerin
damar boyunca navigasyonu girisimsel radyolojide temel ancak zor bir gorevdir (18).
Bu amagla gevre ile hareketi ve dokunun tepkisini 6grenen yapay zeka modelleri (19)
calisilmistir. Yapay zekadan faydalanarak insan-bilgisayar etkilesimi kullanilarak
prosediir esnasida hastanin tibbi kayit ve goriintiilerine ulasmadaki zamanla yaris da
desteklenmistir (20). Steril eldiven altina giyilen sensorler kullanilarak yapilan
navigasyon sistemleri ile igne giris yolu planlamalar1 yapildi (21). Ayrica operatdre
tim ilgili bilgi ve teshis goriintiilerini etkilesimli olarak gosteren gozlik gibi
arttirllmig gergeklik cihaz ve uygulamalari da test edilmistir (22,23). Bunun yaninda
islem sirasinda radyasyon dozunu azaltmak i¢in Zimmermann ve ark. (24) ve Bang ve
ark.‘lar1 (25) yapay zeka algoritmalarmi kullanarak hazirladiklar1 protokollerle
calismalar yaptilar.

3. Prosediir sonrasinda yapay zeka uygulamalari:

Prosediir 6ncesi islem etkinligi ve gerekliligini 6ngoren algoritmalarin ¢ogu ayni
zamanda hasta takibinde de kullanilmaktadir. Onkoloji pratiginde kullanilan, tiimdriin
tedaviye cevabini tanimlayan kriterlerin en dnemlisinden RECIST (response evalua-
tion criteria in solid tumours) derin 6grenme ile hizli ve etkin sekilde gosterilebilir
(26,27). Yukarida deginilen hepatoseliiler kanserin TAKE cevabina ek olarak, yapay
zeka histolojiden bagimsiz oldugu igin, benzer algoritmalar diger tiimérlerin tedaviye
etkinligini degerlendirmede potansiyel olarak kullanilabilir.

4. Uygulamadaki zorluklar ve ¢6ziim onerileri:

Tanisal radyolojiyle kiyaslandiginda en biiyiik zorluk sinirli veri seti boyutlaridir. Bu
zorluk ya yeni 0grenme algoritmalariyla bir miktar asilabilir. Ya da daha az veri
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setiyle farkli 6grenme modelleri gelistirilerek algoritmalar tasarlanabilir. Bagka bir
yaklasim da MixUp (28) gibi veri bilyiitme teknikleri kullanilmasidir. Ek olarak
birkag adimli ve sifir adimli 6grenme teknikleri (19,29-32) gibi yar1 denetimli
ogrenme tekniklerinden de faydali olabilir. Sinirli veri seti yaninda yaygin hatalar
arasinda verilerin boliinememesi, yani hem egitim hem de test veri setinin tek oldugu
durumlardir. Modelin hastaya 6zgii 6zellikleri ezberlemesine yol agabilir. Ozellikle
kiigiik veri setlerinde herhangi bir sonucun 6neminin abartiimamasi i¢in dogruluk ve
giivenilirlik analizleri yapilmalidir (33). Tedavi sonrasi kontrollerde ve prognoz
tahmini modellerinde katilimcilarin tam katilamamasi bir diger zorluk sebebidir.
Bagska bir giivenilirlik sinirlamasi sebebi de yeni tedavi yaklasimlari, tedavideki ilag
ve teknoloji degisiklikleri ve klinik pratigin evriminin siirekliligidir (34). Ozellikle
girigsimsel radyolojik uygulamalar bu evrimin hizli oldugu bir branstir. Veri elde
etmede zorluklardan biri de etik kaygilar dolayisiyla hasta bilgilerinin paylasimi ve
bununla ilgili diizenlemelere duyulan ihtiyactan kaynaklanmaktadir. Giinlimiizde,
Python ve C++ yazilim dilleri ve acik kaynak kodlar kullanilarak US, MRG ve BT
goriintiileri islenebilmekte, yeniden Ornekleme, boyutlandirma ve Z-skoru ile
standardizasyonu yapilabilmektedir. Uygulamadaki kiiciik veri seti ile ¢aligma, yada
agm verileri ezberlemesi sorunu, ¢ok cesitli uzaysal ve kontrast transformasyonlart
kullanan etkili bir veri artirma yontemi olan BigAUG (A deep model trained on the
augmented "big" data )(35) kullanilarak egitilen modelin egitildigi veri setinin
disindaki bir veri de tahminleme basaris1 artirilabilir. Phyton yazilim dili,
Tensorflow2, Phytorch kiitiiphanaleri kullanilarak derin 6grenme temelli otomatik
boliitleme yapilabilir. En basta bahsedildigi gibi CNN modelleri boliitleme
islemlerinde en giincel ve etkili yontemlerdir. Burada standart yéntem kodlayici-kod
¢Oziicii (encoder-decoder) ve kisa yolaklara sahip olan U-net modelidir. Derin
ogrenme yontemlerinin donanimsal farklilarda yasattig1 performans kayiplari, gelisen
haberlesme  teknolojisinin  imkanlarindan  yararlanilarak  bulut sistemlerinin
kullanilmasi yoluyla asilabilir.

Sonug:

Hastalarin daha giivenli ve kaliteli hizmet almasi adina yapay zekanin smirsiz
kullanim potansiyeli mevcuttur. Gegmisin 1s1ginda yakin gelecekte yapay zeka ve
makine 6grenmesinin girisimsel radyoloji pratiginde hasta sagaltimina katkisi giderek
artacaktir. Girisimsel radyologlarin giinliik is pratiginde hasta secimi ve takibi, is
yiikiinlin azalmasi ve diizenlenmesinin yani sira iglem prosediirlerinin daha hizli ve
etkin yapilmasini saglayacagi da 6ngoriilmektedir.
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Abstract. Advances in medicine enable the production of large amounts of data
and the discovery of alternative treatment methods using this data, and valuable
information. By using data mining and machine learning methods, it is possible
to analyze big data and extract important information from these data. The
biggest challenge in information extraction is the presence of many unnecessary
variables that reduce the performance of machine learning methods and
disadvantage in terms of computation time and complexity. In this study, binary
version of the PSO-GWO optimization algorithm, which is a hybrid
optimization method, is applied to medical data to extract these unnecessary
variables from the model and the accuracy comparisons are made by using
different classifiers. Two data sets are used for comparisons. In both data sets,
instead of using all the variables, classification using the variables found with
the hybrid approach gives higher accuracy values. As a result, using a reduced
number of features instead of all features increases the performance of the
classifier, avoiding the use of many unnecessary variables, provides advantages
in terms of computation time.

Keywords: Feature Selection, Hybrid Optimization, Binary Optimization, Re-
duction Dimension, Medical Feature Selection.

1 Introduction

Advances in medicine enable the production of large amounts of data and the discov-
ery of alternative treatment methods using this data, and valuable information. By
using data mining and machine learning methods, it is possible to analyze big data
and extract important information from these data. The biggest challenge in infor-
mation extraction is the presence of many unnecessary variables that reduce the per-
formance of machine learning methods, disadvantage in terms of computation time
and complexity. The feature selection methods, which are a data preprocessing step,
are used to eliminate this problem. Feature selection aims to improve the performance
of machine learning methods by selecting salient features that basically represent the
data. By using feature selection, a complex and multi-variable data are reduced to a
simpler problem. Feature selection methods can be classified into two main approach-
es: filter and wrapper. The filter approach is based on statistical and probabilistic
methods and generally makes use of correlation between variables. On the other hand,
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the wrapper methods use machine learning methods to determine feature subsets.
When the literature is examined, wrapper-based methods work better than filter-based
methods [1, 2].

Feature subset selection in the wrapper methods is an NP-hard problem. One ap-
proach to solving NP-hard problems is meta-heuristic algorithms. Swarm intelligence
algorithms, which are a class of metaheuristic algorithms, are effective methods in
feature selection problems. Gray Wolf Optimization Algorithm (GWO), Particle
Swarm Optimization Algorithm (PSO), Salp Swarm Optimization Algorithm (SSO),
Whale Optimization Algorithm (WO) are methods based on swarm intelligence used
in feature selection problems.

In this study, binary version of the PSO-GWO optimization algorithm, which is a
hybrid optimization method, was applied to medical data to extract these unnecessary
variables from the model and the accuracy comparisons were made using different
classifiers such as Support Vector Machine, K-Nearest Neighbors, Naive Bayes and
Decision Tree.

2 Methods

The feature selection with a binary hybrid optimization approach runs using two
swarm optimization algorithms. These are the PSO and the GW optimization
methods. The generalization of these two optimization methods to the binary case is
discussed in this section.

2.1  Particle Swarm Optimization (PSO)

Particle swarm optimization is a meta-heuristic optimization algorithm inspired by the
social behavior of creatures such as fish and birds in nature. Particularly inspired by
the collaborative behavior of bird and fish flocks, particle swarm optimization aims to
find the optimal solution by imitating the physical properties of bird and fish flocks
such as velocity and position in the search space of artificial particles. In the algo-
rithm, each particle represents a possible solution. The change of the positions of the
particles in the search space depends on the socio-cognitive disposition of the indi-
viduals and the velocity vector is used to update the current positions of the particles.
The best position of a particle is called “pbest” and this value is kept in memory for
updating the velocity vector. However, the best position obtained by any particle in
the population is also used in the calculation of the velocity vector. This location is
called “gbest”. After the “pbest” and “gbest” values are found, the position and
velocity of the particles are updated [3]. The velocity of a particle is calculated as in
Equation 1.

t+

vt = wof + ;1 (pbest; — x}) + ¢,y (gbest — x}) (1)

Here, vf*? is velocity of the i particle in (t + 1)*" iteration rate, v} is velocity of

the i** particle in t*" iteration and x{ is position of it" particle in t*"* iteration. Also,
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w is the inertia weight and is usually chosen from the range [0,1.2]. The learning
coefficients ¢; and c, are usually determined in the range [0,2]. r; and r, are
randomly generated values from a uniform distribution in the range of [0,1].

The position of the particles is updated as follows.
X = xf 4 vf @

x}*1 is position of the it" particle in (¢t + 1) iteration.

2.2 Grey Wolf Optimization (GWO)

The gray wolf optimization algorithm is a meta-heuristic optimization algorithm de-
veloped by inspiring the social hierarchy and hunting behavior of gray wolves [4].
The gray wolves live in packs in nature, and each pack consists of 5-12 wolves. With-
in the herd, gray wolves have a hierarchical structure consisting of four classes: alpha,
beta, delta, and omega.

Alpha wolves who act as pack leaders are on the first rung of the hierarchy.
Moreover, they are responsible for making decisions about hunting, sleeping place,
waking time, etc. At the second level of the hierarchy are beta wolves, who advise
and assist alpha wolves and pass on feedback from the herd to them. The delta wolves
in the third step watch the borders and warn the herd in case of any danger.

The optimal solution is considered alpha (a) to mathematically model the social
hierarchy of gray wolves. The second and third best solutions are called beta (f) and
delta (8), respectively. The remaining candidate solutions are considered omega (w).
In the algorithm, hunting is done by a,  and & wolves, while w wolves follow these
three dominant wolves [4].

The behavior of gray wolves to surround their prey is mathematically modeled as
follows.

—

D=|C.X,®) - X(®)| 3)
Xt+1)=X,)-4-D 4)

where t is the current iteration, A and C are coefficient vectors, )?p is the position

vector of the prey, X denotes the location vector of the gray wolf. A and C are
coefficient vectors are calculated as the Equation 5.

A=2d-# —d (5)
C=2-% (6)

d decreases linearly from 2 to 0 over the iterations, while 7; and r, are random vectors
from the interval [0,1] [4].
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Beta and delta wolves may occasionally participate in hunting to aid the alpha wolf.
In the algorithm, since alpha is assumed to be the best candidate solution, and beta
and delta have the best information about the potential location of the prey, the top
three best solutions are recorded and the positions of the other search agents including
omegas are found according to the position of the best search agents as follows.

Dy=|C,-X,—X|, Dp=|C,-X—X|, Ds =|Cs- X5 — X| (7)
X,=X,—4,-D,, X,=X3-4,-Dg, X3=Xs5— 45 Ds ®)
f(’(ppD:@ )

When the prey stops moving, the gray wolves attack the prey, ending the hunt.
Mathematically, d@ decreases from 2 to 0 over the iteration, and hence A decreases as
d decreases. When |A| < 1, the gray wolves are forced to attack the prey [4, 5].

2.3  Hybrid Binary GWO-PSO

The hybrid binary GWO-PSO algorithm was developed by Al-Tashi et al. [6]. Since it
is a feature selection, it should work in binary space. Position update is performed
according to the following equation. It is modeled as follows by combining the PSO
and GWO algorithms [6, 7].

- . [(X1HXa+X3
x§+1 _ {1 if sigmoid (T) > rand (10)
0 otherwise
The sigmoid function is calculated as follows.
, . 1
sigmoid(a) = TToTT0G=0%) (11)
x&, x¢ and x¢ are defined as follows.
i€ (d d
xd = {1 if (xd + bstepd) > 1 (12)
0 otherwise
£ (o d d
xd = {1 if (x§ + bstepg) > 1 (13)
0 otherwise
i (d d
xd = {1 if (x§ + bstep§) > 1 (14)
0 otherwise
Also, bstep and cstep step functions are calculated as follows.
1 ifcstepd g5 = rand
bstepd g5 = { @8 (15)
“B8 1 otherwise
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1
~10049p% . _05)
1+e~10(A1Dg 5 5—0.5)

(16)

cstepgl&ﬁ =

D,, 55, Dy, v**1, x¥*1 are updated as following equations.

| > - -

1'Xa—W*X|, 55=|C?2-)_()/;—W*X)|, 55=|65-X)a—w*f| 17

vl = W« (vl" + C1T1(X1 - xlk) +cy1y (xz - xlk) +c373 (x3 — xl")) (18)

AR A

Xi

Finally, the optimization problem is solved with the help of a fitness function that will
minimize the number of features and increase the classification accuracy [6].

fitness = apgr(D) + [3% (19)
In the Equation 19, a = [0,1], 8 = 1 — a and pRr(D) denotes the error rate of classi-
fiers.

3 Experimental Results

The features from medical data are selected by binary hybrid GWO-PSO
optimization, and they are used by classification methods. K-Nearest Neighbor
(KNN), Support Vector Machine (SVN), Naive Bayes (NB) and Decision Tree (Tree)
classifiers are utilized for medical datasets. Moreover, five-fold cross validation is
used for avoid to overfitting. The classifications are made on a computer that has
Intel® Core (TM) i7-4740 CPU, 16 GB of RAM. Also, Matlab® R20b software is
used to make the accuracy calculations. Two different datasets are selected from the
UCI Machine Learning Repository. These datasets are the Breast Cancer and the
Dermatology [8].

3.1 The Breast Cancer Dataset

The Breast Cancer dataset was obtained by analyzing the cancer results from 699
patterns [8]. The 16 instances with missing values from the dataset are removed to
construct a new dataset with 683 instances. The dataset has 9 attributes. The class
output includes two classes: benign and malignant. The original dataset was obtained
by Wolberg and Mangasarian [9]. The accuracy of classifiers is calculated for the all
features, seven features obtained by reduction with PCA (Principial Component
Analysis) and six features obtained by reduction with Hybrid Binary GWO-PSO. The
comparison of accuracy for the Breast Cancer dataset is given in the Table 1.
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Table 1. Comparison of accuracy for the Breast Cancer Dataset

Feature Reduction b,
Feature Reduction by cature Reduction by

Classifiers All Features Hybrid Binary
PCA Method GWO-PSO
SVM %97.1 %96.8 %97.2
KNN %97.7 %97.4 %97.8
NB %96 %95 %96.8
Tree %94.9 %96.6 %94.3

When Table 1 is examined, the highest accuracy value was obtained with the KNN
classifier for six variables reduced with the binary hybrid approach. When the reduc-
tion was made by the PCA method, lower accuracy values were obtained for seven
variables. Higher accuracy values were obtained with a hybrid approach in feature
selection.

3.2  The Dermatology Dataset

The Dermatology dataset was obtained from 366 patients [8]. The dataset has 34
attributes. There are six diseases which consist the class output: psoriasis, seboreic
dermatitis, li-chen planus, pityriasis rosea, cronic dermatitis and pityriasis rubra pi-
laris. The accuracy of classifiers is calculated for the all features, two features ob-
tained by reduction with PCA (Principial Component Analysis) and eleven features
obtained by reduction with Hybrid Binary GWO-PSO. The comparison of accuracy
for the Dermatology dataset is given in the Table 2.

Table 2. Comparison of accuracy for the Dermatology Dataset

Feature Reduction b,
Feature Reduction by cature Reduction by

Classifiers All Features Hybrid Binary
PCA Method GWO-PSO
SVM %97 %80.3 %97
KNN %97 %77 %97.5
NB %91.5 %78.1 %92.9
Tree %95.4 %75.4 %95.6

When Table 2 is examined, the highest accuracy value was obtained with the KNN
classifier for eleven variables reduced with the binary hybrid approach. When the
reduction was made by the PCA method, lower accuracy values were obtained for
only two variables. Higher accuracy values were obtained with a hybrid approach in
feature selection. Consequently, it would be more advantageous to achieve higher
accuracy by using eleven variables instead of thirty-four variables.
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4 Conclusion

In this study, the feature selection for medical data was made by a hybrid optimization
approach. Two datasets were used for the feature selection. In both data sets, making
classification with the help of the variables found with the binary hybrid approach
gave higher accuracy values instead of using all the variables for all classifiers. In
addition, the classifiers using features obtained with PCA has lower accuracy than the
classifiers using features obtained with binary hybrid optimization. Consequently, it
would be more advantageous to achieve higher accuracy by using a reduced number
of features instead of all features. Using a reduced number of features improves the
performance of the classifier, avoids the use of many unnecessary variables, and pro-
vides an advantage for a computational time.
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Abstract. Today, air pollution is one of the most threatening factor to human
health. Both the presence of thermal power plants and the use of biomass fuel in
rural areas of Tiirkiye increase air pollution and thus lung diseases are becom-
ing widespread. The lack of advanced medical devices that can provide detailed
information about lung condition in Family Health Centers in rural areas makes
it difficult for Family Physicians to diagnose and follow up on lung diseases.
Developments in both technology and especially artificial intelligence enable to
offer effective solutions in the field of health sciences. In this direction, it is
aimed to develop a deep learning-based device that will facilitate the diagnosis
of lung diseases and enable the Family Physician to monitor the patient's condi-
tion by recording auscultation sounds. Within the scope of this study, the con-
ceptual framework of the device proposal that is cheap, low in energy consump-
tion, does not require internet connection, thus preventing network delay and
providing data security, has been specified, information on the deep learning
model used in the system and preliminary analysis results have been shared.

Keywords: deep learning, rural area, air pollution, lung diseases.
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1 Introduction

Air pollution is one of the biggest environmental threat to human health on a global
scale. Outdoor and indoor air pollution causes 7 million premature deaths in the world
every year[1]. Air pollution causes many chronic diseases, but this situation cannot be
monitored. There is only 25-40% of Chronic Obstructive Pulmonary Disease(COPD)
patients know that they have COPD in developed countries[2]. Remain part of 60-
75% either don’t know that they have COPD or are misdiagnosed. One of the most
important factors causing air pollution is fossil fuel consumption. As of 2019, 56% of
electricity generation in Turkey is generated by fossil fuels and 37% by coal-fired
power plants[1]. The impact of harmful particles released as a result of fossil fuel
consumption is not limited to the region of use. Harmful particles released as a result
of fossil fuel consumption can reach receiving environments hundreds or even thou-
sands of kilometers away from their sources[3], [4]. In Turkey, the health impacts of
coal-fired power plants alone are as follows: 4818 premature deaths, 26500 cases of
bronchitis in children, and 3230 new cases of bronchitis in adults[1].

Respiratory auscultation is a safe, inexpensive, and easy-to-apply method used in
the diagnosis of lung diseases. Auscultation is a diagnostic method performed by the
doctor using a stethoscope to follow the points in the patient's body where the internal
organ sounds can be heard in the best way and by itself, it does not provide sufficient
information about the disease[5]. For the doctor to reach a definitive diagnosis of the
disease, the doctor needs to use medical devices that cost more than a stethoscope.
Pathological sounds are determined from characteristic sounds such as wheezing, and
crackling; cyclical features of the sound, and the region where it is heard[6]. The need
to evaluate multiple conditions during auscultation makes disease diagnosis difficult.
This situation causes difficulty in reaching a diagnosis about what the sound is and
which disease it indicates, especially in doctors with less auscultation experience. A
meta-analysis found that the sensitivity and specificity of auscultation to make a cor-
rect diagnosis was 37% and 89%, respectively[7]. The lack of medical devices such as
CT and X-Ray, which are necessary for the diagnosis of lung diseases, are not includ-
ed in the list of required equipment in Family Health Centers(FHCs). Thus there is
difficulty to diagnose and follow-up lung diseases in rural areas.

There have been studies using models such as deep learning and machine learning
to predict lung diseases. Systems that are using these models are called smart stetho-
scopes[8, 9]. These systems are operated by models uploaded to the cloud system[9—
11]. The cloud system is a system that offers internet-based data sharing with other
users for services such as servers, storage, analysis, and providing processing power
to artificial intelligence models[12]. With the cloud system, huge amounts of data can
be processed quickly. However, an internet connection is required for this system to
work. Considering that the internet infrastructure is insufficient in rural areas, the
dependence of the system on the internet may make it useless.
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In recent years, with the advancement of microcontrollers, it has become possible
to use machine learning and deep learning in edge devices. This method is called Tiny
ML(Machine Learning); in this way, both the advantages of the microcontroller and
the power of machine learning can be utilized. Tiny ML is an alternative approach in
which machine learning tasks are performed on the device, thus enabling real-time
analysis and interpretation of data, consuming milliwatts of energy it stands out as a
network latency-free, data-protected and inexpensive method. It is being used in areas
such as sign language detection, handwriting and gesture recognition, speech-to-text
transcription, and mini-autonomous vehicles[13]. Along with these, it is necessary to
mention the limitations of Tiny ML: To fit the machine learning model inside the
device; optimization of the tools and libraries used as shortcuts in software develop-
ment, referred to as "frameworks" in the literature[14]. Due to these limitations, there
is limited use of machine learning. Nevertheless, a simplified machine learning model
can be used in appropriate cases without compromising prediction and detection per-
formance[15, 16].

In this study, the conceptual framework of a ready-to-use device proposal based on
Tiny ML method, which is cheap, low in energy consumption, and does not require an
internet connection, thus preventing network latency and ensuring data security, is
explained. It is thought that it would be beneficial for Family Physicians to diagnose
and follow the lung conditions of patients with the lack of advanced medical devices
in FHC. Also, information on the deep learning model used in the system and prelim-
inary analysis results have been shared. In the remaining part of the study, the details
of the proposed device design and the targeted studies related to it in the near future
have been given.

2 Methodology

2.1  Designing and Training the Deep Neural Network:

For the machine learning part of the method, the general scope of which is given,
preliminary analyzes have been carried out with a deep learning model that is called a
"Recurrent Neural Network"(RNN) will be used for the classification of auscultation
sound. RNN has a structure that the output of the cell is transferred as an input to the
next cell. Thus, there can be the use of sequential information of the data and reach to
a more accurate result[17]. There are 2 main reasons for choosing RNN: The first one
is the necessity of processing sequential information in the understanding of audio
data; the second one is that the RNN is a model within the boundaries of Tiny
ML[18]. The STM32F407V development board is chosen to seek to fit the RNN
model. STM32F407V has 1 Mb of flash memory and a CPU up to 192 MHz[19]. The
size and complexity of the model are important parameters for the Tiny ML. The size
contains the architecture, weights, and training configuration of the model[20]. The
complexity of the model affects the duty cycle and required process power of the
model[14]. These features must be within the limited flash memory and should pursue
the processing power of the microcontroller. This study aimed to observe the perfor-
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mance of the model which is within the limits of the STM32F407V development
board. To observe pre-analysis of the model, the publicly available dataset contains
920 auscultation sounds of six lung diseases and healthy patients, which are recorded
by three different electronic stethoscopes, and one digital microphone[21], is used to
train. This dataset was selected due to contains similar data that will be processed by
the developing device. The classification is selected as “COPD” and “not COPD” due
to the imbalanced order of recorded sounds. The ratio of those without COPD in the
data set was 13.8%. To increase the share of “not COPD” patients, the pitch-shifting
method of Data Augmentation is used and its ratio increased to 24%. And 20% of the
data is saved with the hold-out cross-validation method for the test.

2.2  Simulation:

The RNN is designed with 3 layers, RNN(x)-Dense(128)-Dense(2 as output) respec-
tively. The “ReLU” is used as an activation function of RNN and Dense layer, and the
“Softmax” of the output layer. Both 8 and 128 units are selected to observe the effec-
tiveness of the simpler model. These models got 82.80% accuracy with the 52 kb size
and 84.30% accuracy with the 289 kb size, respectively. The results have been shown
in Table 1. F; scores of the models for “not COPD” diagnosis have lower values
compared to the models for “COPD” diagnosis due to the limited number of records
for patients without COPD in the dataset.

Table 1: Simulation result

RNN

Unit Size Diagnosis Recall Precision F1Score Acccuracy Total parameter Model size
COPD 0.87 0.91 0.89
8 not COPD 0.7 0.59 0.64 82.80% 1490 52 kb
COPD 0.93 0.87 0.9
128 not COPD 0.52 0.69 0.59 84.30% 33.410 289 kb

3 Conclusion

Air pollution is increasing with the fossil fuel-fired thermal power plants and biomass
usage of the population thus lung diseases becoming common in rural areas. It is hard
to diagnose and follow up on lung diseases with the lack of advanced medical devices
in FHCs. A device which is predicting lung disease will help to follow up and get the
diagnosis of lung diseases. Tiny ML is a suitable method with a cheap, doesn’t re-
quire an internet connection, low power consumption, and data-protected solution.
The main constraint of Tiny ML is that there must be a model that can be embedded
into a microcontroller. This led to a simple model. Simulation results showed that a
simpler model can be effective as a more complex one. If the task is suitable, then
Tiny ML becomes an effective solution.
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diizeylerinin bulanik mantik ile modellemesi
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Ozet Akut koroner sendrom tanisinda kullanilan en bilinen ve spesifik belirteg
hsTnl ve hsTnTdir. Klavuzlarda farkli laboratuvar teknikleri ile de bakilsa da
her iki belirtecin de kendine 6zel bir kesim noktast bulunmakta, yapilan
caligmalarda da bu kesim noktasi kadin ve erkek cinsiyete gore
ayarlanabilmektedir. Oysa genellestirilen bu diizeyler her hasta igin farkli
yorumlanabilmektedir. Calismamizda belirli kesim diizeyleri olan hsTnl ve
hsTnT degerlerini bulaniklastirip, pratikte kullanilan T-MACS skorlama sistemi
ile kargilastirildi. Olusturulan 9 kural ile sensitivite ve negatif prediktif degerler
100% olarak saptandi. Negatif prediktif degerler daha yiiksek oldugundan,
bulanik model taburculukta veya AKS tanisini ekarte etmede rol oynayabilir.
AKS tanisinda literatiirde bulanik modeller GRACE skoru ile karsilastirilmistir.
Caligmamizda sadece troponin degerleri ile yapilan bir 6n ¢aliyma olup agrmnin
karakteri, diger biyobelirtegler ve EKG kurallarina yer vererek AKS tani ve
taburculuk kararina yonelik ileri ¢aligmalara yol gosterici olacaktir.

Anahtar Kelimeler: Akut koroner sendrom, bulanik mantik, yiiksek sensitif
troponin

Abstract: The most known and specific markers used in the diagnosis of acute
coronary syndrome are hsTnl and hsTnT. Although it is examined with differ-
ent laboratory techniques in the guides, both markers have a specific cut-off
point, and this cut-off point can be adjusted according to male and female gen-
der in studies. However, these generalized levels can be interpreted differently
for each patient. In our study, hsTnl and hsTnT values, which are certain cut-off
levels, were blurred and compared with the T-MACS scoring system used in
practice. Sensitivity and negative predictive values were found to be 100% with
the 9 rules created. Because the negative predictive values are higher, the fuzzy
model may play a role in discharge or ruling out the diagnosis of ACS. Fuzzy
models have been compared with the GRACE score in the literature in the di-
agnosis of ACS. In our study, it is a preliminary study conducted only with tro-
ponin values, and it will guide further studies on the diagnosis of ACS and the
decision to discharge, by including the character of pain, other biomarkers and
ECG rules.

14. Tip Bilisimi Kongresi Bildiriler Kitabi
Proceedings of 14th Turkish Congress of Medical Informatics 51
16-18 Mart 2023 / 16-18 March 2023



Key words: Acute coronary syndrome, fuzzy logic, high sensitive troponin
1  GIRIiS

Acil serviste akut koroner sendrom(AKS) tanisi i¢in birgok karar destek sistemi ve
klinik skorlama sistemi gelistirilmistir[1-7]. Anjiyografi halen hastalarin teshisinde
altin standart olsa da, skorlama sistemleri ve biyobelirtegler hastalari acil servisten
giivenli bir sekilde taburcu etmemize veya belirli bir giin icinde mortalite gelisme
riskine goére hastaneye yatirmamiza karar vermemizi saglamaktadir[6-8-9]. Akut
koroner sendrom tanisinda kullanilan en biiylik yardimci biyobelirtecler hsTnT ve
hsTnI[10-11]'dir. Bu esik degerlerin iizerindeki degerler AKS'yi teshis etmek icin
yeterli degildir. Ciinkii kisilerde baska nedenlerle (enfeksiyon, bobrek yetmezligi,
kalp yetmezligi gibi) troponin artis1 olabilir veya troponin artis1 olmasa bile kararsiz
anjina pektoris gibi tanilarla akut koroner sendrom tanisi alabilirler[12—13]. Bu
nedenle tanisal troponin esik degerleri her hasta igin 6zellestirilmelidir.

Bulanik mantik (FL) ilk kez tip ve biyolojide kullanilan Zadeh tarafindan
bulunmustur[14]. FL, sorunlart ve bunlarm bulanik ¢oziimlerini if-then ifadeleri
bigiminde tanimlamak i¢in dil kurallarini kullanan akil yiiriitmeye dayanir[14].
Sistemin modeli ve degiskenleri degisken veya kararsiz ise, bir kontrol ve kural
sistemine duyulan ihtiyag agiktir[ 14—15].

Bu nedenle galismamizda hsTnT ve hsTnl bulaniklagtirma modelinin AKS riski
tahminindeki performansini pratikte skorlamalarda kesim degeri ile karsilastirilmasi
amagclanmistir.

2 METOD

Bulanik sistem, American Heart Association[16] tarafindan tanimlanan cut-off
seviyelerine gére hsTnl ve hsTnT seviyelerine dayanmaktadir. Literatiirde hsTn
seviyelerine dayali risk skorlart olarak 30 giinliik mortalite ve major ileri kardiyak
olaylar olarak belrilenmistir[17]. Algoritmayi olusturmak ve test etmek i¢in Windows
10 tizerinde FuzzyTech 8.21c Professional Edition kullandik (FuzzyTECH Lisans
no:Akdeniz Universitesi 1000700). Sekil 1 kurallarin bir drnegini ve Tablo 1 girdi ve
ciktilarm tyelik fonksiyonlarm: gostermektedir. En iyi sonuglar1 elde etmek igin iki
farklt durulagtirma yontemi Ortalama Maksimum (MOM) ve Maksimum Merkez
(COM) kullanilmis ve Kural bloklar1 Tablo 1'de gosterilmistir.

Tablo 1. hsTnl ve hsTnT degerlerinin kural bloklar1

If Then

hsTnl hsTnT DoS ACS COM | DoS ACS MOM
low low 1.00 low 1.00 low

high high 1.00 high 1.00 high

low medium 1.00 medium 1.00 medium
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low high 1.00 high 1.00 high
medium low 1.00 medium 1.00 medium
medium medium 1.00 medium 1.00 medium
medium high 1.00 high 1.00 high
high low 1.00 high 1.00 high
high medium 1.00 high 1.00 high
=
ACS_COM
EER'T ACS_MOM
Min/BSum ACS_MOM BE

Fig. 1. Diisiik orta ve yiiksek olarak 9 ACS risk ¢iktist kuralr ile hsTnl ve hsTnT girdileri.

Troponin degerleri hsTnl varsayilan degeri 26ng/L, hsTnT varsayillan de 19ng/L
olarak alindi ve 0-25ng/L “low”, 12,499-37,5ng/L “medium” ve 25-50ng/L “high”
olarak belirlenmistir. Modelin performansini 6lgmek igin rastgele olusturulmus yiiz
senaryo kullanilmistir. Sikayetleri, EKG'yi ve hsTnT'yi kullanarak diisiik ve yiiksek
miyokard enfarktiisii olasiliklarini tahmin etmek i¢in olusturulmus, yalnizca Troponin
iceren Manchester Akut Koroner Sendromlart (T-MACS) Karar Yardim aracinda
verilen yiiksek risk ve diigiikk risk sonlanimlar1 referans olarak almmistir[18]. T-
MACS akut koroner sendromun diglanmasinda kullanilan bir skorlama sistemi olup,
EKGde iskemi bulgusu, artan yada kotiilesen gogiis agrist varligl, sag kol yada omuza
yayilan agr1 varligl, eslik eden kusma varlig, terleme, 100mHgnin altinda sistolik kan
basinci varligl, ve hscTnT diizeyi ile CoM ve MoM bulanik modellerin duyarlilik,
Ozgiinliik, PPV, NPV, AUC degerleri karsilastirilmstir.

3 BULGULAR

Modellerle 100 senaryo olusturulan 9 kural ile degerlendirilmistir. CoM i¢in 56 dogru
pozitif, 13 dogru negatif saptanmistir. MoM igerisinde 56 dogru pozitif, 18 dogru
negatif saptanmistir. Her 2 metodda da yanlis negatif bulunmamistir. Her iki modelin
duyarliligi ve NPV'si %100'i gosterdi. Ancak teshis dogrulugu sirastyla %69 ve %74
olmustur.

4 TARTISMA

Olusturdugumuz bulanik modelde hem CoM hem de Mom modelleri %100 hassasiyet
ve NPV gosterdi. T-MACS akut koroner sendromu dislama agisindan %99,3 NPVye
sahip oldugu gosterilmistir. AKS tanisin1 koymada %98,7 sensitiviteye sahiptir.
Caligmamizda her iki modelin duyarliigi ve NPV'si %100'i gosterdi. Negatif
prediktif degerler daha yiiksek oldugundan, bulanik model taburculukta veya AKS
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tanisin1 ekarte etmede rol oynayabilir. AKS tanisinda literatiirde GRACE gibi[19-20]
skorlamalarda bulanik modeller ¢alisilmistir. Calismamizda sadece troponin degerleri
alimmasina ragmen bu ¢alisma bir 6n ¢aligma olup agr1 karakteri, diger biyobelirtecler
ve EKG kurallarma yer vererek bundan sonraki ¢alismalara yol gésterici olacaktir.
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Julia Programlama Dili Web Tabanh Siniflandirma

Yazilimi ile Kalp Hastalig1 Teshisi
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Ozet. Son yillarda, arastirmacilar tarafindan, yiiksek basari gosteren tibbi karar
destek sistemleri gelistirmek igin, gesitli araglar ve gesitli algoritmalar onerilmis
ve Onerilmeye devam edilmektedir. Fakat bu algoritmalarin klinikte kullanim,
cesitli kisitlamalar sebebi ile oldukg¢a sinirlidir. Algoritmay1 caligtirmak igin ge-
rekli yazilim kurulumlarini yapmak, programlama bilgisi eksikligi bu kisitlama-
larin bazilaridir. Bu ¢alismada hekimlerin tibbi arastirmalarinda ve klinik karar-
larinda kullanabilecegi, julia programlama dili ile gelistirilmis, web tabanli siif-
landirma yazilimi tanitilmistir. Bu yazilim araciligi ile halka agik erisimli bir veri
seti olan Cleveland kalp hastalif1 veri tabani ile koroner arter hastalig1 tespiti
gergeklestirilmistir. Veri kiimesi yazilimin destekledigi sekiz farkli siniflandiri-
ciyla (KNN, SVM, DT, RF, AdaBoost, Gauss Naive Bayes, LDA, LR) siniflan-
dirlmigtir. Veri setini 10 kat ¢apraz dogrulama ile elde ettigi metrikler raporlan-
mustir. En yiiksek siiflandirma dogruluguna %86,44 ile SVM smiflandirici ulas-
mugtir. Bu ¢aligmada 6nerilen yazilim klinisyenlere aragtirma ve hasta tespitinde
yardimci olabilecektir

Anahtar Kelimeler: Julia, Dash, Simiflandirma, Kalp Hastali§1, Web tabanli
Yapay Zeka Yazilimi

Abstract.In recent years, various tools and algorithms have been proposed and
continue to be proposed by researchers to develop highly successful medical de-
cision support systems. However, the clinical use of these algorithms is very li-
mited due to various limitations. Making the necessary software installations to
run the algorithm, lack of programming knowledge are some of these restrictions.
In this study, a web-based classification software developed with the Julia prog-
ramming language, which can be used by physicians in their medical research
and clinical decisions, is introduced. Through this software, coronary artery di-
sease detection was performed with the Cleveland heart disease database, which
is a publicly accessible data set. The dataset was classified with eight different
classifiers (KNN, SVM, DT, RF, AdaBoost, Gauss Naive Bayes, LDA, LR) sup-
ported by the software. The metrics obtained by 10-fold cross-validation of the
data set are reported. The SVM classifier achieved the highest classification
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accuracy with 86.44%. The software proposed in this study may assist clinicians
in research and patient identification.

Keywords: Julia, Dash, Classification, Heart Disease, Web-based Artificial In-
telligence Software

1 Giris

Bilgisayarli klinik karar destek sistemleri, giiniimiizde saglik hizmetlerinin 6nemli bir
parcasidir. Bir klinik karar destek sistemi, hasta bilgilerini, girdi olarak alir ve bu gir-
diler ile tibbi kararlar1 gelistirerek saglik hizmeti sunumunu iyilestirmeyi amaglar [1].
Klinik karar destek sistemleri, klinisyenleri bilimsel ¢alismalarinda ve karmagik karar
verme siireclerinde destekler [2]. Bilgisayar teknolojilerindeki gelismeler klinik karar
verme sistemlerinin ilk kullanimindan bu yana hizli bir gelisim géstermesine sebep ol-
mustur. {lag veri tabanlari, hastalarin elektronik kayitlari, uluslararasi agik veri tabanlari
bu sistemlerin gelismesine katkida bulunmustur. Makine dgrenimi temelli yapay zeka
algoritmalari, klinisyenlere hasta sonuglarini tahmin etmede yardimci olmak i¢in karar
destek sistemi olarak sunulmaktadir [3].

Karar destek sistemleri algoritmalarin etkinliginin ve kullaniminin artmasina ragmen
klinisyenlerin bu algoritmalari, ¢esitli sebepler ile etkili bir sekilde kullanamamaktadir-
lar. Karar destek sisteminin bir bilgisayar sistemine bagli olmasi, her yerden her zaman
bu bilgisayar sistemine ulasamamaya sebep olmaktadir. Gelistirilen her algoritmanin
bir karar destek sistemine doniisemedigini de diisiindiiglimiizde bu algoritmay1 kodla-
yacak programlama bilgisine ihtiyag duyulmaktadir. Bu programlarin kullanimi igin
ayrica ¢esitli yazilim kurulumlari ve bu yazilimlar egitip test edecek veriye ihtiyag du-
yulmaktadir. Ayrica bu algoritmalarin galisabilecegi donanima sahip bilgisayara sahip
olmak da kagmilmazdir. Bu ¢aligmada kullanimi i¢in program kurmaya ve program-
lama bilgisine sahip olmaya gerek olmayan, her tiirlii platformdan ¢alistirtlabilir, bir
karar destek sistemi olan Julia programlama dili ile gergeklestirilmis web tabanli sinif-
landirma yazilimi tanitilmistir. Yazilim Inénii Universitesi Biyoistatistik ve Tip Bili-
simi Anabilim Dali tarafindan gelistirilmis Veri Bilimi ve Yapay Zeka Tabanl Interak-
tif Web yazilimlari arasinda yer almaktadir.

Julia programlama dilinin hizindan faydalanabilmek amaci ile web tabanli siniflan-
dirma yazilimi julia programlama dilinde gergeklestirilmistir [4] . Web tabanli siniflan-
dirma yazilim ile halka acik erisimli bir veri seti olan Cleveland kalp hastalig1 veri
tabani [5] kullanilarak koroner arter hastaliginin tespiti gerc¢eklestirilmistir.

Genellikle koroner arter hastalik olarak adlandirilan kalp hastaligi, kalbi etkileyen
herhangi bir durumu ifade edebilen genis bir terimdir. Kalp hastaliklari, kalbi etkileyen
enfeksiyon, genetik bozukluklar, damar hastalig, kalp kapak¢ig1 hastaligt vb. her tiirli
bozukluk olarak tanimlanabilir. Koroner arter hastalik, koroner arterlerin giderek sert-
lestigi ve daraldig: kronik bir hastaliktir. En yaygin kardiyovaskiiler hastalik bigimidir
ve kalp krizlerinin 6nde gelen nedenidir [6]. Kalp hastaliklarina sebep olan bir¢ok fak-
tor vardir. Bu faktorlerden bazilar1 degistirilemezken (yas, cinsiyet, aile hikayesi) bazi-
lar da hayat tarz1 degistirilerek (sigara, alkol, fiziksel aktivite vb.) risk faktorii olmaktan
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¢ikabilir. Bir¢ok insanda g6giis agris1 ve yorgunluk semptomlari ile tespit edilebilirken
bazi insanlarda higbir belirti gdstermez [7]. Bu nedenle, bu nedenle kalp hastaligina
sebep olan semptomlarin izlenmesi, risk durumunun hekim ve hasta tarafindan takip
edilmesi gerekir. Kalp hastaligini teshis etmek i¢in baslica kullanilan yontem anjiyog-
rafidir. Ancak ¢ok maliyetlidir ve teknik tecriibe gerektirir [8]. Bunun disinda kan ba-
sinct takibi, ekokardiyogram, elektrokardiyografi, elektrofizyolojik incelemeler, miyo-
kardiyal perfiizyon taramalari, tilt masasi testi gibi ¢esitli teknikler kalp hastaligini tes-
his etmek i¢in yapilmaktadir [9].

Makine dgrenimi algoritmalari, kalp hastaliginin teshisinde baskin bir rol oynamak-
tadir. Makine 6grenimi algoritmalari, gerekli bilgileri biiylik miktarda veriden ¢ikarma
avantajina sahiptir. Cleveland kalp hastalig1 veri tabani ile makine 6grenimi alaninda
bir¢ok caligma gerceklestirilmistir. Javeed ve ark. [10], rastgele arama algoritmasi ve
Random Forest (RF) modeli kullanarak Cleveland veri setinde koroner kalp hastalig1
risk tahminini artirmak igin verimli ve daha az karmagik bir model gelistirdi. Model,
standart RF'ye kiyasla %3,3'lik bir iyilesme gostermistir. Ozniteliklerin 7 elemanl alt
kiimesini kullanarak %93,33'liikk bir dogruluk elde etmislerdir. Pasha ve ark. [11] Cle-
veland, Macaristan, Statlog ve Isvigre veri setlerinde etkili kalp hastalig1 riski tahmini
i¢in yeni bir dznitelik azaltma (NFR) modeli 6nermislerdir. Eksik degerleri, siitunun
ortalama degerleri ile degistirmiglerdir. Lojistik Regresyon (LR), RF, artirilmis regres-
yon agaci (BRT), stokastik gradyan artirma (SGB) ve SVM algoritmalarinin perfor-
manslarini, maksimum dogruluk, AUC degerleri ve en kiigiik farkla ¢esitli alt kiime
kombinasyonlarina dayali 6zellikler azaltilarak degerlendirmislerdir. Cleveland veri se-
tinde LR (9 6zellik) kullanilarak %92,53'liikk bir dogruluk ve 0,9268'lik bir AUC bildir-
mislerdir. Saqlain ve ark. [12], ortalama balik¢1 puanina dayali 6zellik secim algorit-
malar1 (MFSFSA), ileri 6zellik se¢im algoritmasi (FFSA) ve ters 6zellik secim algorit-
mas1 (RFSA) kullanarak kardiyovaskiiler risk tahmin sonuglarini iyilestirmek i¢in bir
dzellik altkiimesi se¢im yontemi énermislerdir. Oznitelik alt kiimelerini RBF ¢ekirdek
tabanli SVM siniflandiricisi ile siniflandirmiglardir. Cleveland ve farli veri setleri iize-
rinde Onerdikleri modeli test etmislerdir. Yedi Oznitelikle Cleveland veri setinde
%81,19'Tuk bir dogruluk elde etmislerdir. Muhammed ve ark. [13], 10 katli ¢apraz dog-
rulama kullanarak Cleveland veri setinin en iyi dzellikleri iizerinde g¢esitli makine 6g-
renimi smiflandiricilarini egiterek kalp hastaliginin erken teshisi i¢in akilli bir tahmin
modeli dnermislerdir. Temel ve daha iligkili 6zellikleri elde etmek i¢in hizli korelasyon
tabanli filtre (FCBF), minimum artiklik maksimum alaka diizeyi (mRMR), LASSO ve
Relief olmak tizere dort 6zellik se¢im algoritmas: uygulamislardir. Extra Tree siniflan-
diric1 ile %94,41 dogruluk elde etmiglerdir.
Ali ve ark. [14], Cleveland verisetinde siniflandirma i¢in ki-kare 6zellik se¢imi ve ge-
listirilmis bir derin sinir ag1 (DNN) kullanan kalp hastalig1 tanimlamasi i¢in otonom bir
teshis sistemi olusturmak tizere egitim ve test veri kiimeleri i¢in 70:30 oraninda dogru-
lama kullandi. Test veri setinde, onerilen hibrit modelin dogrulugu %93,33 ve AUC
degeri 0,94 olarak raporlamiglardir. Gupta ve ark. [15], Cleveland kalp veri setini egi-
tim ve test i¢in 70:30 oranina bolerek bir yaptiklari ¢aligmada standardize edilmis veri-
leri Lojistik Regresyon kullanilarak %92,30 siniflandirma dogrulugu elde etmislerdir.
Ayrica, KNN siniflandiricisini 2 ile 20 arasinda bir k degeri ile test ederek ve k = 14'te
%90,11 ile en iyi siiflandirma dogrulugunu elde etmislerdir.
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Bu ¢alismada Julia programlama dili ile kodlanan web tabanli siniflandirma yazili-
minin destekledigi K en yakin komsular, SVM, Karar agaci siniflandirici, Rastgele Or-
man Siniflandirici, AdaBoost siniflandirici, Gauss Naive Bayes Siniflandirici, LDA si-
niflandiric1 ve Lojistik Regresyon Siniflandirici gibi sekiz farkli siniflandirict ile yiik-
lenen veri seti siiflandirilmistir. Yazilim veri setini 10 kat ¢apraz dogrulama sekilde
ayirmig ve siiflandirma sonuglarini tablo halinde metrikleri ile kullaniciya sunmusgtur.

2 Materyal ve Metot

Julia programlama dili ile gelistirilmis, web tabanli siniflandirma yazilimi kullanilarak
Cleveland kalp hastalig1 veri tabani kullanilarak kalp hastalig1 siniflandirmast yapan
model egitilmistir. Bu boliimde yazilim, veri seti ve yazilim biinyesinde bulunan smif-
landiricilar tanitilmagtir.

2.1 Veri Seti

Cleveland kalp hastalig1 veri taban1 agik erisime sahip bir veri tabanidir [16]. Veri ta-
bani, 297'si tam gbzlem ve altis1 eksik verilere sahip gdzlem olmak iizere 303 g6zlem
icerir. Veri taban1 76 6znitelige sahiptir. Bu veri seti ile yapilan ¢aligmalarin genelinde
13 6znitelik kullanilmaktadir. Bu ¢alismada da Tablo 1°de agiklanan 13 6znitelik kul-
lanilmistir. Eksik veriler verisetinden ¢ikarilmistir. 297 gdézlem ile ¢alisilmigtir. Bu goz-
lemlerin 137 si hasta (1), 160’1 sagliklidir (0).

Tablo 1. Cleveland kalp hastalig1 veri tabanina ait detaylar

Veriler Aciklama Durum
1. Age: Yas Numerik input
Sex: Cinsiyet 0: Kadin,
1: Erkek input
3. Cp: Gogiis Agrisi Tipi 0: tipik anjina,
1: atipik anjina, input
2: non-anginal agr1
3: asemptomatik
4. trestbps: dinlenme kan basinct Numerik input
(hastaneye kabulde mm Hg cin-
sinden)
5. kol: BMI sensorii ile getirilen mg Numerik
/ dl cinsinden kolestoral
6. fbs: aglik kan sekeri 0:< 120mg/dl input
1: > 120 mg / dl
7. restecg: istirahat elektrokardi- 0: normal input
yografik sonuglar1 1: ST-T dalgas1 anormalli-

gine sahip olmak (T dalgasi
inversiyonlar1 ve / veya ST
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yiikselmesi veya > 0.05
mV'luk ¢okiintii)
2: Estes kriterlerine gore
olas1 veya kesin sol ventrikiil
hipertrofisinin gosterilmesi
8. thalach: maksimum kalp atis hiz1 Numerik input
9. exang: egzersize bagli anjina (s1- Numerik input
kisma)
10. oldpeak: istirahate gére egzer- Numerik input
sizle indiiklenen ST depresyonu
11. egim: tepe egzersizi ST segmen- 1: upsloping input
tinin egimi 2: diiz
3: asagi egimli
12. ca: flourosopy ile renklendirilmis 0: damar Yok input
ana damarlarin sayisi (damarlarin 1: 1 damar
kalsifikasyonu i¢in) 2: 2 damar
3: 3 damar
13. thal: niikleer stres testinin sonug- 3: normal; input
lar1 6: sabit kusur;
7: tersine c¢evrilebilir kusur
14. num: Herhangi bir major da- 0: < %50 cap daralmasi Output
marda kalp hastaliginin tanisini 1: > %50 ¢ap daralmast (Hedef
(anjiyografik hastalik durumu) Degisken)
temsil eden hedef degisken
2.2 Julia Programlama Dili ile Programlanmis Web Tabanh Veri

Siiflandirma Yazilimi

Anabilim dalimiz tarafindan gelistirilen Veri bilimi ve Yapay Zeka Tabanli Web Yazi-
limlar1 [17] arasinda, Julia yazilimlar1 baslig: altinda, bulunan veri siniflandirma yazi-
limizin [18] ara yiizii Sekil 1°de gosterilmistir.
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INONO ONIVERSITESI TIP FAKULTESI
Biyoistatistik ve Tip Bilisimi Anabilim Dali
~Veri Bilimi ve Yapay Zeka Tabanh interaktif Web Yazilimlar

# RWEBYAZILMLARI v PYTHON WEB YAZILIMLARI v JULIA & PHP WEB YAZILIMLARI v YAZILIMLARA iLiSKiN BLGILER  ILETISIM

Biyoistatistik ve Tip Bilisimi Anabilim Dali

Veri Bilimi ve Yapay Zeka Tabanli interaktif Web Yazilimlari

Sekil. 1. inonii Universitesi Biyoistatistik ve Tip Bilisimi A.B.D. Veri Bilimi ve Yapay Zeka
Tabanli Interaktif Web Yazilimlar:

Julia Web Yazilimlart meniisiinde Birliktelik Kurallar1 Madenciligi, Veri Smiflan-
dirma Yazilimi, Kiimeleme Analizi ve Regresyon Analizi yazilimlar1 yer almaktadir.
Sekil 2’de Siniflandirma Yaziliminin ara yiizii gésterilmistir.

Julia le Veri Siniflandima Yaziimi

Veri Yiiklenmistir Analiz Sekmesine geginiz

Sekil. 2. Julia ile Veri Simiflandirma Yazilimi Ara yiizii

Yazilim ti¢ meniiden olusmaktadir. Giris meniisiinde yazilimin tanitimi yapilmastir.
Veri islemleri meniisiinde dosya (csv, xIsx, sav) yiikleme ve veri gériintiileme islemleri
yapilmaktadir. Yazilimin Analiz meniisii goriiniimii Sekil 3°de gosterilmistir.
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Hedef Alani (Sinifi) Seginiz

Sekil. 3. Julia ile Veri Siniflandirma Yazilimmin Analiz Meniisti Goriintimii

Sekil 3°de gosterilen analiz meniisiinde veri setinde bulunan 6znitelik alanlar segilebi-
lir bu sayede hangi 6zniteligin modele ne kadar etki ettigi tespit edilebilir. Bunun ya-
ninda hedef alan1 da se¢ilebilir yapidadir. Sonug tablosundan simiflandirma yontemi
(KNN, SVM, DT, RF, AdaBoost, Gauss Naive Bayes, LDA, LR) secilir. Ardindan hizli
bir sekilde egitim ve test veri setlerine ait siniflandirma dogruluklar1 ve siiflara ait F1
Skore, Precision, Recall gibi siniflandirma metrikleri tablo seklinde kullanicrya sunul-
maktadir.

K - En Yakin Komsular Simiflandiricisi (K- Nearest Neighbors (KNN) Classifiers)
KNN bagimsiz degiskenlerin olusturdugu vektoriin en yakin komsularinin hangi siifta
yogun oldugu bilgisi iizerinden 6rnegin sinifini tahmin etmeye dayanir. KNN Algorit-
masi iki temel parametre {izerinden tahmin yapar; Uzaklik (Distance) parametresi tah-
min edilecek noktanm diger noktalara uzakligim temsil eder. Oklit, Minkowski gibi
farkli uzaklik hesaplama algoritmlar1 vardir. K (komusuluk sayis1) parametresi ise en
yakin kag komsu tizerinden hesaplama yapilacagini bildiren parametredir [19].

Destek Vektor Makinasi (Support Vector Machine — SVM) SVM simiflandiricilar
gbzetimli 6grenme yontemi ile siniflandirma yaparlar. Bir diizlem iizerine yerlestirilmis
noktalar1 birbirinden ayirmak i¢in bir dogru veya hiper diizlem ¢izimi esasina dayanir.
Bu dogrunun, iki sinifinin noktalar1 i¢in de maksimum uzaklikta olmasini amaglar [20].

Karar Agaci Stmiflandirict (Decision Tree — DT) DT agag tabanli 6grenme algorit-
malarmdandir. Gézetimli 6grenme algoritmalar1 arasinda yer alir. Veri kiimesini, bir
dizi karar kurallari uygulayarak daha kiigiik kiimelere bolerek siniflandirirlar [21] .

Rastgele Orman Siniflandiric1 (Random Forest — RF). algoritmasi; birden ¢ok karar
agacinin her birini farkli bir gézlem 6rnegi iizerinde egiterek ¢esitli modeller iiretip,
siiflandirma yapan bir algoritmadir. Algoritma her bir 6rnek i¢in karar agaci olusturur
ve her bir karar agacinin tahmini deger sonucu olusur, Tahmin sonucu olusan her deger
icin oylama gergeklestirilir. En ¢ok oy alan sinifa gézlem atanir [22].
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AdaBoost Siiflandirer Kolektif Ogrenme (Ensemble Learning) ydntemlerindendir.
Boosting (Arttirma), bir ¢ok zayif 6greniciyi (weak learner) bir araya getirip, kiimiilatif
olarak egiterek, bir gii¢lii 6grenici (strong learner) olusturmaktir. Adaboost siiflama
modelinde egitim kiimesi 6nce bir zayif 6grenici ile egitilir. Egitim sonrasi yanlis olarak
tahminlerde bulunan &greniciler AdaBoost algoritmasi i¢in dnemlidir. Bir sonraki egi-
timde ilk tahminlemede yanlig 6grenilen egitim verilerine daha fazla oncelik verilerek
yani agirliklar artirarak tekrar egitilir. Zayif 6grenici ¢ikisi diger 6greniciye giris ola-
cak sekilde egitilerek sonuglar birlestirilir. Bu sekilde siniflandirma islemini yapar [23].

Gauss Naive Bayes Simiflandirici. Egitim asamasinda Bayes Teoremi’nden faydala-
nir. Kosullu bagimsizlik (conditional independence) varsayima goére her 6zellik (fea-
ture) bagimsiz olarak ele alinir. Bu sekilde tahmin edilecek parametre sayisint olduk¢a
diisliriiliir. Algoritmanin galisabilmesi icin olasilik degerleri hesaplanir. Bunlar egitim
veri kiimesindeki (training dataset) her sinifin olasiliklar1 (Class Probabilities) ve her
bir sinif degerinin verildigi her girdi degerinin kosullu olasiliklaridir (Conditional Pro-
babilities). Gaussian Naive Bayes algoritmasinda her sinifin olasiliklarina ek olarak her
sinifin ortalama ve standart sapma degerleri de hesaplanarak siniflandirma yapilir.[24]

Dogrusal Ayrilma Analizi Siniflandiric1 (Linear Discriminant Analysis — LDA)
LDA Smuiflandirma algoritmasi, her girdi degiskeni i¢in gozlemlerin 6zel dagilimina
dayal1 olarak sinif bagina bir olasilik modeli gelistirme esasina dayanir. Ortalama ve
standart sapma gibi siif etiketine gore girig 6zellikleri igin Gzet istatistikleri hesapla-
yarak calisir. Bu istatistikler, egitim verilerinden 6grenilen modeli temsil eder. Uygu-
lamada, lineer cebir islemleri, matris ayrisimi1 yoluyla gerekli miktarlar1 verimli bir se-
kilde hesaplamak i¢in kullanilir. Tahminler, her girig 6zelliginin degerlerine dayali ola-
rak her bir simif etiketine ait yeni bir 6rnegin olma olasilig1 tahmin edilerek yapilir. En
biiyiik olasilikla sonuglanan sinif daha sonra drnege atanir. Bu nedenle LDA, siniflan-
dirma i¢in Bayes Teoreminin basit bir uygulamasi olarak diistiniilebilir. LDA, girdi de-
giskenlerinin sayisal oldugunu ve normal dagildigini ve ayn1 varyansa (yayilma) sahip
olduklarini varsayar. Durum bdyle degilse, verilerin bir Gauss dagilimina sahip olacak
sekilde doniistiiriilmesi ve modellemeden 6nce verilerin standartlagtirilmasi veya nor-
mallestirilmesi istenebilir [25].

Lojistik Regresyon (Logistic Regression - LR) Siniflandiric1 Lojistik regresyon, iki
Oznitelik arasindaki iliskileri bulmak i¢in matematiksel hesaplamalardan yararlanan bir
veri analizi teknigidir. Lojistik regresyon, daha sonra bagimli degiskenin yani hedef
degiskenin degerini tahmin etmek i¢in kurdugu matematiksel iliskiyi kullanarak sinif-
landirma yapar.

3 Bulgular

Gelistirilen yazilimin destekledigi sekiz siniflandirma algoritmast veri seti ile egitilmis
ve test edilmistir. Modeller yazilimin destekledigi performans metriklerle
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karsilagtirilmistir. Sonuglar yazilim tarafindan var sayilan olarak 10 Kat Capraz dogru-
lama yontemi ile elde edilmistir

3.1 Performans Metrikleri

Yazilimin destekledigi performans metrikleri agiklanmis ve listelenmistir.

Dogruluk (Accuracy) Tiim smiflandirma tahminlerinin basariyla tahmin edilen veri
sayisina oranidir. FN ve FP siniflarin birbirleri ile olan yanlis tahmin sayilarini temsil
eder ve TP ve TN ise siniflarin dogru tahmin edildigi gdzlem sayilarini temsil eder. Bu
bilgiler ile Dogruluk, Denklem (1)'de gosterilen sekilde hesaplanir.

TP+TN
TP+TN+FP+FN

Dogruluk = (1)

Kesinlik (Precision — P). Denklem (2)'de gosterildigi gibi, pozitif bir tahminin dogru
olma olasiligint degerlendiren bir olasilik dlgiistidiir.

TP
TP+FP

Kesinlik =

@

Duyarhlik (Recall — R). Pozitif sinifa ait pozitif olarak dogru tahmin edilen 6rneklerin
kesridir ve formiil Denklem (3)'de belirtildigi gibidir.

TP
TP+FN

Kesinlik =

€)

F1 Skoru (F1 Score). Genellikle F 6l¢iisii olarak adlandirilan F1 puani, bir testin dog-
rulugunu belirlemek icin kullanilan bir 6l¢iidiir. Testin kesinligini P ve hatirlama R'yi
dikkate alarak puani hesaplar. Esit dagilmayan veri kiimelerinde hatali bir model se¢imi
yapmamak i¢in bazen Dogruluk yerine F 6l¢iisii kullanilir. F 6l¢iisiiniin formiilii Denk-
lem (4)'de belirtildigi gibidir
=20

“4)

3.2 Deneysel Sonuclar

Bu baslik altinda kalp hastaligi varliginin tahmininde farkli simiflandirma ydntemleri
kullanilarak egitilen ve test edilen modellerin siiflandirma sonuglar analiz edilmistir.
Tablo 2’de test veri i¢in siniflandirma performans metrikleri siniflandirici parametreleri
ile beraber gosterilmistir.

Table 2. Test verisi i¢in siniflandirma performans metrikleri

METRIKLER
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METOTLAR Dogru- F1 Ke- Duyar-
luk (%) Skor (%) | sinlik lilik (%)
(%)
KNN 69,66 56,22 56,33 56,25
(K=5)
SVM 86,44 74,84 74,91 74,77
(Kernel: Lineer
C=0.025)
DT 73,37 64,75 64,81 64,73
(MaxDepth:5)
RF 79,79 71,59 71,57 71,65
(MaxDepth:5,
n_estimators: 10,
max_features:1)
AdaBoost 82,31 69,96 70,00 70,08
Gaussian  Naive 85,23 76,74 77,60 77,23
Bayes
LDA 86,06 73,33 73,66 73,66
LR 86,02 73,30 73,33 73,44

Tablo 2’de goriildiigii gibi en yiiksek simiflandirma dogruluguna SVM smiflandirict
(%86,44) ulasmistir. Sekil 4’de siiflandirict performanslarini karsilastirir grafik
gosterilmistir.

Siniflandirici Performans Karsilastirici
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Sekil. 3. Siniflandirici Performans Karsilastirict

4 Sonuc¢ ve Gelecek Calismalar

Bu caligmada literatiirde basar1 ile sunulan makine 6grenmesi yontemlerinin klinisyen-
lere arastirmalarinda ve tedavilerinde kullanabilir hale getirmek amactyla hazirlanan
bir yontem Onerilmistir. Bu yontem program kurulumuna ve programlama bilgisine ih-
tiyag duymadan klinisyenlerin sadece verilerini yiikleyerek analiz yapabilmelerini
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amaglamaktadir. Yapilan ¢caligmada %86,44 siniflama dogrulugu ile SVM smiflandirici
one ¢ikmustir.

Onerilen yazilim gelisim asamasinda olup sonraki versiyonlarinda 10 kat capraz dogru-
lama kullanicinin ayarlayabildigi hale gelecektir, Ayrica verideki eksik ve asir1 degerler
yazilim tarafindan tespit edilip kullanic1 onayli veri setinden ¢ikarilmasi planlanmak-
tadir. Ayrica yine kullanici onayli veri seti normallestirme asamasinin
gerceklestirilmesi diisiiniilmektedir.
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Estimation of Obesity Risk with Fuzzy Logic Approach
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Abstract. Obesity is a complex, multifactorial disease defined as abnormal or
excessive fat accumulation that poses a risk to health caused by an unhealthy
diet. In this study, we aimed to explain the risk level of obesity by calculating it
with fuzzy logic. In addition, this study also focuses on combating obesogenic
factors by predicting the problem areas in the person's path to obesity. After
reviewing the risk factors associated with obesity and weight gain in the
literature, the factors to be considered in this study to assess the risk of obesity
were grouped under two headings as personal and behavioral risk factors. In
this study, a fuzzy logic system was designed using the FuzzyTECH 5.54
package program. The ranges of input parameters were fuzzified by both the
literature review and the opinion of 2 internal medicine specialists, and
linguistic terms were created for the inputs. In this system, obesity risk due to
personal factors, obesity risk due to behavioral factors, and general obesity risk
are calculated as a value between 0 and 100 percent. If the risk of the person is
over 70 percent, the risk of obesity is high, regardless of weight and height.
Data obtained from 103 people were used to test the fuzzy logic system. To
collect data, 103 volunteers who applied to the general internal medicine
outpatient clinic of Mentese State Hospital were surveyed. In a group that has
not yet developed obesity, this system will help to control obesity before it
develops by identifying behaviorally and personally risky areas for people with
a high risk of obesity (70% and above) and defining individual intervention
areas.

Keywords: Obesity, FuzzyTECH, Fuzzy logic, Risk

1 Giris ve Amag

Sagliksiz beslenmenin sebep oldugu obezite, bir kisinin viicut kitle indeksinin (VKI)
30 kg/m? veya daha fazla olmasi durumunda ortaya ¢ikan saglik i¢in risk olusturan
anormal veya asirt yag birikimi olarak tanimlanan karmasik, ¢ok faktorlii bir
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hastaliktir. Obezite gerek komplikasyonlari gerekse sebep oldugu tip 2 diyabet,
kardiyovaskiiler hastaliklar, hipertansiyon, serebrovaskiiler olay, kanser, osteoporoz,
ruh saglig1 ve uyku apne sorunlart gibi birgok kronik hastalik i¢in risk faktorii olmasi
nedeniyle 6nemli bir halk saglig1 sorunudur [1, 2]. Diinya Saglik Orgiitii (DSO) 2022
Avrupa Bolgesi Obezite Raporu’na gore Avrupa’da yasa gore standardize edilmis
obezite prevelanst %23,3 (Erkek: %21,8 / Kadin: %24,5) iken Tiirkiye i¢in %31,1
(Erkek: %21.4 / Kadin: %39.2) olarak bildirilmistir [3]. Obezite yonetimi sadece kilo
kaybi ile saglanamaz. Kilo alimmi dnlemek ve obezite prevelansimi diisiirmek igin
nedensel temel faktorleri modellemek ve ardindan model girdisine dayali olarak
faktorlerin Gnem derecesini ortaya ¢gikarmak etkili sonuglar dogurabilir. Bu ¢alismada
obezite riskini bulantk mantikla gelistirilen sistemle hesaplayarak agiklamay1
amagcladik. Ayrica bu ¢alisma kisinin obeziteye gidisinde sorunlu alanlart
tahminleyerek kontrol edilebilir obezojenik faktorler ile miicadeleye de
odaklanmaktadir.

2 Yontem

2.1  Obezite Risk Faktorleri

Onceki calismalar yas, cinsiyet gibi sosyodemografik &zelliklerin, fiziksel aktivite,
uyku, diyet gibi yasam tarzi ozelliklerinin, sosyal, cevresel faktorlerin son olarak
biyolojik, metabolik ve genetik risk faktorlerinin kilo alma ve obezite ile iligkisini
dogrulamustir [4-13]. Obezite ve kilo alma ile ilgili literatiirde iliskilendirilmis risk
faktorleri tarandiktan sonra bu caligma kapsaminda obezite riskini degerlendirmek
i¢in ele alinacak faktorler kisisel ve davranigsal risk faktorleri olmak {izere iki baglik
altinda gruplandi.

Bu caligmada literatiir taramasi 1siginda kisisel risk faktorleri grubunda yas,
cinsiyet, ailede obezite varlig, insiilin direnci (HOMA — HR) ve TSH diizeyi (mIU /
L), davranigsal risk faktorleri grubunda ise haftalik fiziksel aktivite diizeyi (saat),
giinliik uyku miktar1 (saat) ve diyet aliskanlig1 degerlendirilmistir. Sistemde kurulan
modelde yer alan yas, cinsiyet ve aile Oykdisii kontrol edilemez degiskenlerdir. Bu
degiskenler, bir kisinin obezite riskini arttiran faktorlerdir ancak birey tarafindan
degistirilemezler. Bu kontrol edilemez degiskenler, obezite riski i¢in Snemli rol
oynarlar ve obezite riski tahmininde dikkate alinmasi gerekir. Bu nedenle kontrol
edilebilir degiskenlerle bulanik mantik sistemine dahil edilmistir.

Diyet aliskanliginda obezite agisindan risk diizeyini belirlemek igin 0-6 arasinda
degisen bir skorlama kullanilmistir. Bu skorlama igin iki diyetisyenden uzman goriisii
almmustir. Alti riskli yeme davranisi tariflenmisticr ve her bir durumdan 1 puan
almabilir ve toplamda 6 puan alinabilir. Riskli yeme davranislart su sekildedir:

- Kat1 yag ya da doymus yag tiiketmek (Ornek: Sadeyag, kuyruk yag, tereyag,
margarin)

-Beyaz un, bugday unu gibi islenmis tahillardan zengin diyetle beslenmek

-Cok yemek yedigini diisiinmek ya da doydugunun iizerinde yemek
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-Giinliik ilave seker almak (Caya ya da iceceklere giinde 4’ten fazla kiip seker
katmak, asitli icecekler ya da meyve suyu tiiketmek, serbetli tatlilar, kek pasta
cikolata tiiketmek gibi)

-Haftada bir kereden fazla “fast food (Hazir Gida)” ile beslenmek

-Her hafta alkol almak

Bulanik mantik sisteminin sinanmasinda 103 kisiden elde edilen veriler
kullanilmistir.  Veri toplamak igin Mentese Devlet Hastanesi genel dahiliye
poliklinigine basvuran 103 goniilliiye anket yapilmistir. Calismada hastalarin yas,
cinsiyet, ailede obezite varligi, haftalik fiziksel aktivite diizeyi, giinlilk uyku miktar1
ve diyet aligkanligi risk durumu sorgulanmustir. Herhangi bir nedenle son 2 ay
igerisinde hastane laboratuvar sisteminde es zamanli bakilmis aclik kan sekeri, glikoz
ve TSH diizeyi olmayan hastalar ¢alismaya dahil edilmemistir. Hastalarin aglik kan
sekeri, glikoz ve TSH diizeylerine retrospektif olarak saglik kayitlarindan ulagilmustir.

2.2 Bulamk Mantik Sistem Tasarmmm

Bulanik mantik uygulamalari, belirsizlige yol agan karmagik problemlerin yonetimi
i¢in bir¢ok alanda basarili bir sekilde incelenmistir [14]. Bulanik mantik, tip alaninda
ozellikle ¢ok degiskenli problemlerin ¢dziimiinde kullanilir. Ornegin, bir hastanm
belirti ve bulgularmin degerlendirilmesinde, her bir belirti veya bulgu icin bir
"bulanik" deger atanabilir. Klinik pratikte kullandigimiz sinirlar1 belli olmayan “zayf,
normal, fazla kilolu, sisman” gibi muglak dilsel terimler ile matematiksel islemler
yapilmasina olanak tanimigtir [15-17]. Bulanik mantik bulanik kiime ve alt kiimelere
dayanan klasik kiime gdsteriminin genisletilmis halidir. Bulanik kiimelerde her bir
varligm tiyelik derecesi vardir ve (0, 1) araliginda herhangi bir deger alabilir [16, 18].

Bu ¢alismada FuzzyTECH 5.54 paket programi kullanilarak bulanik mantik sistemi
tasarlanmistir. Giris parametreleri araliklart hem literatiir incelemesiyle hem de 2 i¢
hastaliklar1 uzman goriisiiyle bulaniklastirilmistir (fuzzification) ve girdiler icin dilsel
terimler olusturulmustur (Tablo 1, Sekil 1). Obezite risk skorundaki farkli faktorlerin
agirliklandirilmast ve birlestirilmesi icin de uzman goriigii ve literatiir taramast
yapilmistir. Durulastirma (defuzzification) igin 'en iyi uzlasma' CoM (Center of
maximum) yontemi kullanilmustir. Sekiz degisken ve iki kural blogu kullanan bir
bulanik mantik ¢ikarim sistemi, kisisel faktorler kaynakli obezite riski (Rule Block 1),
davranigsal faktorler kaynakli obezite riski (Rule Block 2) ve genel obezite riskini
hesaplamak i¢in tasarlanmistir (Tablo 2, Sekil 2). Bulanik mantik sisteminde 8
girdinin olmasi1 nedeniyle kurallarin yapilandirilmas: i¢in kural bloklarma ihtiyag
olmustur. Bu kural bloklari, sistemin ¢alismasi i¢in gerekli olan kurallarin ve kurallar
arasindaki iligkilerin tanimlanmasini saglamak igin tasarlanmistir. Bu sayede sistem,
girdi degerlerine gore cikti degerlerini belirler ve dolayisiyla karar verebilir. Bu
sistemde kisisel faktdrler kaynakli obezite riski, davranigsal faktorler kaynakli obezite
riski ve genel obezite riski yiizde O ile 100 arasinda bir deger olarak hesaplanir.
Kisinin riski %70 iizerinde ise kilo ve boydan bagimsiz olarak bireyin obezite riski
yiiksektir.
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Tablo 1. Sistemin girdileri (Inputs).

Degisken adi Min Max Dilsel Terim Deger
Araliklari
1 Ailede obezite varhigi (Ailesel Risk) 0 2 Dustk (Ailede Yok) [
Orta (1 kiside obezite) 1
Yiiksek (Anne ve babada obezite) 2
2 Cinsiyet 0 1 Erkek 0
Kadin 1
3 Diyet Riski 0 6 Diisiik 0-1
Orta 0-4
Yiksek 2-6
4 Fiziksel Aktivite diizeyi, saat (Haftada) 0 14 inaktif 0-3,5
Normal 2-7
Yogun 3,5-14
5 insiilin direnci 0 6 Yok 0-3
Var 2-8
6 TSH 0 10 Dustk 0-1
Normal 0,5-8
Yiksek 4-10
7 Gunluk Uyku siresi, saat 3 18 Cok kisa 3-7
Normal 4-12
Uzun 8-18
8 Yas 18 100 Kiigiik 18-50
Buyiik 30-100
Ailede obezite Cinsiyet Yas
0: yok, 1: anne ya da babada, 2: anne ve babada birlikte 0: erkek. 1: kadn
low medium high Erkek Kadi low high
10 10 1.0
08 08 08
06 08 06
04 04 04
02 02 02
00 0o 00
L] 05 1 15 2 0 025 05 075 1 55 7% 100
Units Uniits il
o nea TSH Usku siresi, gin
Yok Var NORMAL high Very_Low Normal Long
1.0 1.0 1.0
08 08 08
06 06 06
04 04 04
02 02 02
00 0o 00
0 2 4 6 8 0 25 5 75 10 7 10 14 18
Units Units. Units.
Diyet riski Fiziksel aktivite siiresi, hafta
low medium high inactive nomal intensive
10 10
08 08
06 06
04 04
02 02
00 00
o 1.5/ 3 45 & 4 7 10 14
Units Units.

Sekil 1. Uyelik Fonksiyonlari.
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W insulindirenci

kisisel

ailede

Cinsipet KisR
insulindirenci

TSH

yas Min/Max

KARAR
OR OR S
Min/t ax
[ Fasuresinaf...
DEVR
dipet dav_r
Fasuresihaftadah =
uykusuresi W
Sekil 2. Bulanik Sistem Modeli
Tablo 2. Sistem Ciktilar1 (Outputs) ve iiyelik Fonksiyonlar1.
Variable Yontem Min Max Dilsel Terimler ve = Uyelik Fonksiyonlari
Name Tipi Deger Araliklan
Davranis Riski, % 0 100 Cok duglk (0-30) Yery low low medium high vety_high
(Cikts Dusiik (0-50) -
Degiskeni), % Orta (50-70) -
Yitksek (50-100) iy
Gok Yiiksek (70-100) |
00
1) 25 50 75 100
Units
Kisisel Risk % 0 100 | Gok distik (0-30) yondow low medium high vey_high
(Cikts Dustik (0-50) -
Degiskeni), % Orta (50-70) 0
Yiiksek (50-100) U’ .
Cok Yiiksek (70-100) 0'2
00
25 50 75 100
- Units.
Obezite Riski =~ Col 0 100 Cok disiik (0-30) Yo Jow low medium high very_high
(Karar Cikti Dustik (0-50) -
Degiskeni), % Orta (50-70) -
Yiiksek (50-100) "
Cok Yilksek (70-100)
0.0
0 E3 50 75 100
Lnits.
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3 Bulgular ve Sonuc¢

Gelistirilen “Obezite Riski Bulanik Mantik Sistemi” 35’1 erkek (%34) 68’1 kadmn
(%66) 103 hasta verisi Uzerinde smanmustir. Sisteme dahil edilen hastalarin
%35,9’unun (n=37) VKI degeri 30 kg/m> (obez) iizerindedir. Bu grup obez grup
olarak tanimlanmugtir. Geriye kalan VKI degeri < 30 kg/m? olan 66 kisi ise obez
olmayan grup olarak tanimlanmistir. Obez grupta bulanik sistemin dogrulugunu test
edilmistir. Obezite riski i¢in %70 ve iizeri yiiksek risk olarak tanimlanmistir. Bu
gruptaki biitiin hastalar obez oldugundan sistemin en diisiik genel obezite risk
¢iktisinin %70 olmast (yiiksek obezite riski) bulanik sistemin dogru tahmin getirdigini
gostermistir (Tablo 3). VKI 30 ve iizerinde olanlar icin bu sistem, obezite riskinin
yiiksek oldugu (%70 ve iizeri) sorunlu alanlar1 isaret eder. Kisisel ya da davranissal
olarak riskli ¢ikan (%70 iizeri risk) kisiler i¢cin miidahale alanlarin1 gosterir. Heniiz
obezite gelismemis grupta (VKI degeri < 30 kg/m?) ise obezite riski yiiksek ¢ikan
(%70 ve iizeri) 37 kisi (%56,1) bulunmaktadir. Ozellikle obez olmayan grupta VKI
degeri 25-29,9 kg/m? arasinda (fazla kilolu) 41 kisi, 18,5 ile 24,99 arasinda (normal
kilo) 25 kisi bulunmaktadir. Fazla kilolu 41 kisinin bulanik mantik sisteminde
%75,6’sinm (n=31), normal kiloda olan 25 kisinin ise %24 liniin (n=6) genel obezite
riski yiiksek bulunmustur.

Sonug olarak obezite gelismemis kisilerde obezite agisindan davranigsal ve kisisel
olarak riskli alanlar belirlenebilir, bdylece kisiye 6zgii miidahale alanlar1 tanimlanarak
obezite gelismeden kontrol altina alinmasinda bu sistem yardimei olabilir.

Tablo 3. Obezite Durumuna Gére Gruplar Arasinda VKI Diizeyleri ve Bulanik Sistemin

16-18 Mart 2023 / 16-18 March 2023

Obezite Risk Sonuglari.
VKi, kg/mz Davranigsal Faktorlere Bagli Kisisel Faktorlere Bagl Obezite Genel Yiiksek Obezite
Grup Obezite Riski, % Riski, % Obezite Riski, % riski*,
Median (min-maks) Median (min-maks) Median (min-maks) Median (min-maks) n (%)
Obez Olan, n=37 33,3 (30-42,7) 100 (56,5-100) 59,8 (20,8-100) 91,8 (70-100) 37 (100)
Olzza iy, B=5E 25,9 (18-29,9) 84,9 (30-100) 50 (0-100) 70,5 (0,7-100) 37 (56,1)
*: %70 ve Uzerinde genel obezite riski
Cikar Catismasi: Yazarlar arasinda ¢ikar ¢atismasi yoktur.
Kaynaklar
1. Iseri, A. and N. Arslan, Obesity in adults in Turkey: age and regional effects. European
Journal of Public Health, 2008. 19(1): p. 91-94.
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Comparison of Deep Learning Methods for Classification
of Clinical Urine Test Images

Abstract. Urinary tract infections (UTI) are an important health problem
caused by various bacteria that reduce the quality of life. If UTI is not treated,
bacteria may spread to the body and other organs as a result of mixing with the
blood. Urine culture analysis is the gold standard for identifying such infections
that may result in organ failure, sepsis, shock and death. The data set consisting
of 1500 clinical urine test images recorded by mobile phone camera divided in-
to three classes with positive, negative and ambiguous labels openly shared by
Universidade de Sao Paulo Escola Politecnica researchers was used in this
study to compare the effectiveness of deep learning models. The models xcep-
tion, resnet101, resnet50, shufflenet, inceptionv3, and inceptionresnetv2, which
are models with proven effectiveness in image classification processes, have
been tested for the problem of classifying urine culture pictures in petri dishes.
As a result of the tests, the inceptionresnetv2 model was determined as the most
successful model in the classification of clinical urine images, with an average
0f 90.02% accuracy, 90.11% acuity, 90.02% sensitivity, and 95.01% specificity.
Based on these results, it will be aimed to improve the classification perfor-
mances as a result of the modifications to be made in the inceptionresnetv2
model and the preprocessing to be applied to the images in further studies.

Keywords: urinary tract infections, clinical urine images, deep learning meth-
ods, inceptionresnetv2

Ozet. idrar yollar1 enfeksiyonlar1 (IYE) gesitli bakterilerin sebep oldugu yasam
kalitesini diigiiren énemli bir saglik sorunudur. IYE tedavi edilmezse bakter-
ilerin kana karigmasi sonucunda viicuda ve diger organlara yayilmasi soz konu-
su olabilir. Organ yetmezligi, sepsis sok ve 6liimle sonuglanabilecek bu tiir en-
feksiyonlarmn belirlenmesinde altin standart idrar kiiltiirii analizidir. Universida-
de de Sao Paulo Escola Politecnica arastirmacilar tarafindan agik olarak payla-
silan pozitif, negatif ve belirsiz etiketleri ile ii¢ sinifa ayrilmis cep telefonu ka-
merast ile kaydedilmis 1500 klinik idrar test gériintiisiinden olusan veri seti bu
caligmada derin 6grenme modellerinin etkinliginin karsilastirilmasi i¢in kulla-
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nilmgtir. Goriintii simiflandirma iglemlerinde etkinlikleri kanitlanmis modeller-
den xception, resnetl01, resnet50, shufflenet, inceptionv3 ve inceptionresnetv2
modelleri petri kaplarindaki idrar kiiltiirii resimlerinin sinflandirilmasi problemi
icin test edilmistir. Yapilan testler sonucunda inceptionresnetv2 modeli klinik
idrar goriintiilerinin siiflandirilmasinda ortalama 90,02% dogruluk, 90,11%
keskinlik, 90,02% duyarlilik, 95,01% o0zgiillik degerleri ile en basarili model
olarak belirlenmistir. Bu sonuglardan yola ¢ikarak ilerleyen ¢aligmalarda incep-
tionresnetv2 modelinde yapilacak modifikasyonlar ve goriintiilere uygulanacak
6n islemler sonucunda siniflandirma performanslarinin iyilestirilmesi hedefle-
necektir.

Anahtar Kelimeler: idrar yolu enfeksiyonlari, klinik idrar goriintiileri, derin
ogrenme yontemleri, inceptionresnetv?2.

1 Giris

Idrar yollar1 enfeksiyonlar (IYE) diinya genelinde her yi1l 150 milyon insan1 etki-
leyen bakteri kaynakli hastaliklarin basinda gelmektedir [1]. Enfeksiyonun baslangi-
cinda tedavi edilmeyen I'YE tekrarlama oranlar1 yiiksektir ve sik antibiyotik kullanimi
neticesinde antibiyotik direncinin olugmasina sebep olmaktadirlar. Zamaninda 6nlem
alinmayan enfeksiyon bakterilerin viicuda yayilmasi, sepsis sok, organ yetmezligi ve
hatta 6liimle sonug¢lanabilecek komplikasyonlara neden olabilmektedir. IYE sebebiy-
le olusan ekonomik yiik ve is giicii kayb1 sorunu da diinya ekonomisini etkilemekte-
dir. Enfeksiyon sebebiyle IYE semptomu gosteren hastalar saglik kuruluslarina bas-
vurduklart siiregte IYE teshisi i¢in geleneksel olarak idrar kiiltiirii analizi yontemi
tercih edilmektedir. Idrar kiiltiirii analizi idrar 6rneginin bakterilere {ireme ortanm
sunan petri kaplarinda gozlemlenmesi ile gerceklestirilmektedir. IYE tamisinin ko-
nulmasi i¢in petri kaplarinda gézlemlenen 6rnekte pozitif idrar kiiltiirii sonucuna va-
rilmasi gereklidir. Uzman tarafindan yapilan bu degerlendirmeler uzun siirmekte yo-
ruma agik olmaktadirlar.

Bilgisayar destekli karar destek sistemlerindeki gelismeler 151¢inda makine dgren-
me yontemleri saglik alaninda gesitli uygulamalarda denenmektedir. IYE tanisinin
kisa siirede ve yiiksek dogrulukla konulabilmesi i¢in makine dgrenme yontemlerinin
uygulandig1 ¢alismalar literatiirde mevcuttur [2].

Bu ¢alijmamizda etkinligi test edilmis derin 6grenme modellerinin IYE siniflan-
dirma performanslari test edilmistir.

2 Yontem

2.1 Veri Kiimesi

Calismada kullanilan veri kiimesi Universidade de Sao Paulo Escola Politecnica aras-
tirmacilari tarafindan agik olarak paylasilan, pozitif, negatif ve belirsiz etiketleri ile ii¢
smifa ayrilmis cep telefonu kamerasi ile kaydedilmis 1500 klinik idrar test goriintii-
stinden olugsmaktadir [3] (Sekil 1).
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Sekil. 1. Petri kaplarinda goriintiilenen idrar kiiltiirleri. Birinci sirada yer alan goriintiiler pozi-
tif, ikinci sirada yer alan goriintiiler negatif ve iglincii sirada yer alan goriintiiler ise belirsiz
olarak etiketlenmistir [3].

2.2 Derin Ogrenme Modelleri

Bu ¢alismada etkinligi gecmis yillarda test edilmis bilinen derin 6grenme modelleri
xception [4] , resnet101 [5], resnet50 [5], shufflenet [6], inceptionv3 [7] ve inception-
resnetv2 [8] kullanilmistir.

3 Bulgular

Calismada kullanilan her bir model ii¢ farkli sinifa ayrilmis 1500 verilik goriintii kii-
mesi {izerinde 10 kez kosturulmustur. Modelleri performanslarmin kararliliklarini
6lgmek amaciyla veri kiimesi her kosumda rastgele olarak 70% egitim, 30% test kii-
mesi olarak ayrilmistir. Deneyler sonucunda siniflandirma performanslarini karsilag-
tirmak amaciyla keskinlik, duyarlilik, dogruluk ve 6zgiillik degerleri elde edilmistir
(Tablo 1 ve Tablo2).

Tablo 1. 10 deney sonucunda DO modellerinin performans degerleri ortalamasi

DO Modeli Keskinlik Duyarhlik Dogruluk Ozgiilliik
inceptionresnetv2 90,11% 90,03% 90,02% 95,01%
xception 88,73% 88,38% 88,38% 94,19%
inceptionv3 87,68% 86,97% 86,96% 93,48%
resnet101 86,89% 86,22% 86,20% 93,10%
shufflenet 85,52% 85,02% 85,00% 92,50%
resnet50 84,65% 84,43% 84,40% 92,20%
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Tablo 2. 10 deney sonucunda DO modellerinin performans degerleri standard sapmasi

DO Modeli Keskinlik Duyarhhk Dogruluk Ozgiilliik
inceptionresnetv2 1,44% 1,46% 1,45% 0,73%
xception 1,77% 2,41% 2,39% 1,20%
inceptionv3 2,00% 2,31% 2,31% 1,16%
resnet101 1,76% 1,79% 1,78% 0,89%
shufflenet 2,50% 2,70% 2,69% 1,35%
resnet50 3,62% 3,57% 3,58% 1,79%
4 Sonu¢

Testler sonucunda inceptionresnetv2 modeli klinik idrar goriintiilerinin siniflandiril-
masinda ortalama 90,02% dogruluk, 90,11% keskinlik, 90,02% duyarlilik, 95,01%
ozgiillik degerleri ile en basarili model olarak belirlenmistir. Gelecek caligmalarda
modelin performansini arttirmak i¢in modifikasyonlar ve 6n islemler uygulanacaktir.
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Abstract. Mobile health (mHealth) apps have become essential for individuals
seeking to manage their health and long-term conditions. It is becoming a matter
of interest whether they are safe or beneficial due to their possible impacts on
human health. This article analyzes the features, user reviews, and potential of a
mobile health application, Albert Health Assistant. The app, downloaded by over
150,000 users, is designed to aid patients in managing their chronic diseases
through features such as medication tracking, voice assistant, and personalized
notifications. The study involved meeting with the app developers and evaluating
the app through Google Play and Apple App stores. The average user rating for
Apple App Store and Google Play Store was 4.7 out of 5 and 4,8 out of 5, respec-
tively. Overall, the results suggest that the app is highly utilized and well-received
by users. It positively impacts their ability to manage their health conditions. The
article suggests that mHealth apps like Albert Health Assistant have the potential
to reach and engage large populations and may be an effective tool for delivering
digital therapeutic interventions. Further research is needed to evaluate its impact
on clinical outcomes and health economic outcomes.

Keywords: mHealth, digital health, chronic disease management, digital thera-
peutics, voice-based health assistant, conversational agent, telehealth.

1 Introduction

Chronic diseases are increasing worldwide and bring substantial economic, social, and
patient burden[1]. Digital health and artificial intelligence applications stand out in in-
creasing access to health services and the quality of health services worldwide[2].
mHealth applications, one of the sub-branches of digital health, have increased over the
years, and these applications are used for many purposes, from wellness management
to management of severe symptoms in specific chronic diseases[3]. They are increas-
ingly focused on health condition management rather than wellness management, ac-
counting for 47% of all apps in 2020, up from 28% in 2015[4]. While the number of
mobile health applications is increasing, it is becoming a matter of interest whether they
are safe or beneficial due to their possible impacts on human health[5]. In some coun-
tries, systems are being developed by the authorities to evaluate the benefit and risks of
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mobile health applications, and in some countries like Germany and USA, insurances
reimburse these systems showing clinical evidence[6].

This article explains the main features, app store reviews, and potential of Albert
Health Assistant[7], which more than 150,000 users have downloaded. This article aims
to guide developers who plan to operate in the field of mobile health and to provide an
understanding of potential collaborative research areas by clinicians or academics.

2 Methodology

The study involved meeting with the app developers and reviewing the app through the
company website, Google Play, and Apple App stores. Data were collected on health
& disease management features, certification status, quality, and data management sys-
tems of Albert Health Assistant during the app review and face-to-face meetings with
app developers. The authors selected the app features and evaluated their potential use.
User feedback and app features were extracted from the Google Play Store and Apple
Store from October 2019 to December 2022. The data included information on app
downloads, user ratings, and user feedback. In addition, four comments with more than
a hundred likes were evaluated to represent the most users. Descriptive statistics were
used to summarize the data.

3 Results

3.1 App Review

Albert software is available as two products; one is a web, and the other is a mobile
application. Albert web is used by healthcare professionals (HCP) such as doctors,
nurses, psychologists, and dieticians. HCPs perform all health management, health con-
tent, and access to reports of their patients via a web interface. They can also meet
virtually with telehealth interviews. The Albert mobile application allows users to enter,
view, and manage health data, conduct virtual visits, access educational content, and
communicate with the HCP they are connected to. Detailed information including terms
of use can be found on the company's official website[7].

App Features.

Albert Health Assistant provides patients with an easy-to-use platform for managing
their chronic diseases. The application is designed to collaborate with HCPs to increase
treatment adherence and empower patients to take control of their health conditions.
The main features of the application include the following:

Medication tracking. Patients can use Albert Health Assistant to track their medication
schedule, set reminders, and keep track of their medication usage.
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Patient diary. Patients can use the patient diary feature to log their symptoms, risk fac-
tors, mood, and other important information related to their health condition.

Educational content. Patients can view health-related content within the app. The con-
tent is available in text or video format and either produced by the internal medical team
or mirrored from trusted medical sources such as medical associations.

Health document management. Patients can use Albert Health Assistant to store and
access health documents, such as skin lesions, lab results, and radiology reports.

Telehealth. Patients can use Albert Health Assistant to consult HCPs remotely through
video calls.

Voice Assistant. The application uses voice recognition and natural language processing
(NLP) to understand and respond to patients' voice commands. The patients use the
application to ask questions about their health and use the app functions such as record-
ing their blood pressure and managing their telehealth appointment.

Personalized notifications. Patients fill out the onboarding survey about their condition
while entering the system. Then the application sends patients prespecified notifications
based on their responses. Throughout the journey, validated medical questionnaires
such as SF-12(Short Form-12) and PROMIS-29 are sent to the patients, allowing them
to track their condition objectively. It also sends informative content to patients based
on their condition and treatment.

Privacy & Quality.

The app developer company, Albert Health, is operating its internal processes in
accordance with ISO 13485, Quality Management System for Medical Devices. In ad-
dition, the company holds certifications of ISO-27001 Information Security Manage-
ment System, ISO-27701 Privacy Information Management System, IEC-62304 soft-
ware lifecycle validation, and ISO-15504 software lifecycle process assessment, which
demonstrate the application's commitment to quality, security, and GDPR.

3.2 App Store Analysis

Albert Health Assistant was downloaded over 150,000 times across the Google Play
and Apple App Store. The average user rating for Apple App Store and Google Play
Store was 4.7 and 4,8 out of 5, respectively. More than 1300 users rated the app for
Android and IOS total. Three hundred-four user reviews were extracted and analyzed.

There were no safety-related issues reported among user reviews. When reviews 5
out of 5 were removed, it was seen that the customer support team contacted 93.6% of
comments. It’s seen that four user comments got liked by more than a hundred people.
All these comments were rated five points, and users commented on the reminders,
telehealth, voice-based health assistant, treatment management, and educational
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content features. The users reported that the app helped manage their health and was
easy to use, and they would recommend it to others. User feedback indicated that Albert
Health Assistant improved their ability to manage their health condition, access virtual
care services, and provide valuable education and support.

4 Discussion

Albert Health Assistant offers several features that can aid patients in managing their
chronic diseases. The medication tracking, patient diary, and health document manage-
ment features can provide patients with a comprehensive overview of their health sta-
tus. The telehealth feature enables patients to consult with HCPs remotely, which can
be especially beneficial for patients with mobility issues and living in rural areas. The
voice interface makes it easy for patients to interact with the application. The applica-
tion also supports the hospital discharge period, aiding patients in transitioning from
hospital to home. Finally, the personalized notification feature can help patients to
change lifestyle behaviors and increase disease knowledge by providing prescheduled
patient journey.

In terms of collaborative areas for research, the personalized notification feature can
be studied further to create digital therapeutic interventions and understand its impact
on clinical and health economic outcomes. In addition, the voice assistant function can
also be studied to understand how it improves patient engagement with the application.

This analysis of Google Play and Apple Store data suggests that Albert Health As-
sistant is highly utilized and well-received by users. The app appears to positively im-
pact users' ability to manage their health condition and provides virtual care, valuable
education, and support. However, app reviews, which are often used as a means of
evaluating an app's effectiveness and popularity, are not considered to be a gold stand-
ard. This can lead to misunderstandings about the actual value of an app and can make
it difficult for users to make informed decisions about which apps to use. In addition,
including clinician and patient-reported outcomes in such applications may increase the
quality of evidence on health outcomes.

These findings highlight the potential of mHealth apps like Albert Health Assistant
to reach and engage large populations and suggest that they may be effective in deliv-
ering health interventions.

Further research is needed to objectively examine Albert Health Assistant’s long-
term impact on health outcomes and identify best practices for app development and
distribution.
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ABSTRACT. Bibliometric mapping is used to determine the different interdisciplinary relationships of authors
on specific topics. Bibliometric analysis plays an important role in the visualization of research as a basic element
of citation networks. In this research, our aim is to reveal the use of telemedicine during the coronavirus disease,
and the bibliometric analysis of the literature published in the WOS (Web of Science) database by mapping the
citation network analysis with VOSwiever. In order to visualize the information obtained after the database was
downloaded, the data obtained using common keyword analysis was mapped on the articles in the online databases
of Web of Science (WOS) between December 2019 and August 2022 with VOSviewer version 1.6.16. While
loading VOSviewer data, mapping was done with cocitation-cited references relationship and 105,608 cited
references were mapped. While there is an increasing trend in both publication and citation output from 2019 to
2021, there is a decrease after 2021. As a result, with the onset of Covid 19, publications about covid and
telemedicine have increased significantly in the period from 2019 to 2022.

OZET. Bibliyometrik haritalama yazarlarin belirli konular iizerinde farkli disiplinler arasi iliskilerini
belirlemede kullanilir. Bibliyometrik analiz atif aglarmin temel unsuru olarak arastirmalarin gorsellestirilmesinde
o6nemli bir rol oynamaktadir. Bu arastirmamizda amacimiz coronaviriis hastalifi sirasinda teletip kullanimini,
WOS (Web of Science) veri tabaninda yayinlanan literatiirlerin VOSwiever ile atif ag analizi haritalamasini
yaparak bibliyometrik analizini ortaya koymaktir. Veri tabani indirildikten sonra elde edilen bilgileri
gorsellestirmek amactyla VOSviewer 1.6.16 versiyon ile Aralik 2019 ile Agustos 2022 tarihleri arasinda Web of
Science’mn (WOS) ¢evrimigi veri tabanlarinda bulunan makaleler {izerinde ortak anahtar kelime analizi
kullanilarak elde edilen verilerin haritalandirilmasi yapildi. VOSviewer veri yiiklemesi yapilirken cocitation-cited
references iligkisi ile haritalama yapild: ve 105.608 alintilanan referans haritalastirildi. 2019°dan 2021°e kadar
hem yayin hem atif ¢iktisinda artan bir egilim goriiliirken 2021°den sonra azalig goriilmektedir. Sonug olarak
Covid 19 un baslamasi ile 2019°dan 2022’ye kadar ki siiregte covid ve teletip alan1 hakkinda yayimnlar 6nemli
Olgiide artmgtir.

1 GIRIS
Teletip Diinya Saglik Orgiitii tarafindan; ‘Mesafenin kritik bir faktor oldugu durumlarda, bilgi ve iletisim

teknolojilerini kullanan tiim saglik profesyonelleri tarafindan, bireylerin ve toplumlarinimn sagligmin ilerletilmesi
amactyla saglik hizmetinin iletisim aglarmni kullanilarak sunulmasi’ olarak tanimlanmustir [1].

Teletip, ilk zamanlarda yetersiz saglik hizmeti alan toplumlara erigimi saglamak ve kirsal kesime hizmet
gotiirmek i¢in kullanilirmigtir. Covid-19 salginiyla birlikte saglik hizmeti saglamada giivenli bir yol olarak kabul
edilmistir [2,3]. Bibliyometrik analizle saglik alaninda degerlendirmeler yapilabilmektedir. Bibliyometri,
yayinlanan makalelerin istatistiksel yontemlerle referanslara dayanan disiplinler arasi nicel bir analiz bilimidir [4]
ve haritalama yapilarak, yazarlarin, konularm, farkli disiplinlerin birbirleriyle iligkileri belirlenir [5,6].
Bibliyometrik analizin yiiriitiilmesinde, gorsellestirme dnemlidir ve anahtar kelimelere ihtiya¢ duyulur. Anahtar
kelimelerin kullanilmasi ag dgeleri arasinda baglanti kurmayi saglayabilir [7,8]. Yayn, atif ve H-index dlgiitleri
icinde bu analizden yararlanilmaktadir. [9]. Arastirmalarin performasini degerlendirmek icin atif aglari ortak alint
(Co-citation) ve bibliyografik baglanti1 (Bibliographic coupling) iliskisi ile analiz edilir. Yayinlar aras1 baglantinin
glicliiligli, benzerlik oOlciileri, ortak alintt vebibliyografik baglantinin haritalanmasinda kullanilmasi igin
kiimelemeyi saglar [10].
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VOSviewer, Van Eck ve Waltman tarafindan gelistirilen atif, arastirma kurumlari, ortak yazarlik, anahtar
kelimeler gibi farkli segenekler ile analiz etmek ve gorsellestirmek i¢in kullanilan ¢ok etkili bir bilim haritalama
aracidir [11], ve 10.000°den fazla 6ge igeren haritalar1 kolayca olusturup goriintiileyebilir. Bibliyometrik
aragtirmalarda mesafe tabanli ve grafik tabanli haritalar olmak iizere 2 tiir harita kullanilir. Mesafe tabanli
haritalarda mesafeler Ogeler arasindaki bagintiy1 verir, mesafenin kisa olmasi giiclii bir baglantiy1 ifade
etmektedir. Grafik tabanh haritalarda ise cizgiler dgeler arasindaki iligkiyi belirtmektedir [12]. Iyi performans
gosteren VOS haritalama teknigi Voswiever a tamamen entegre edilmistir.[13]. Ortak atif bulunan iki makaleyi
iclincii bir makale birlikte alintiladiginda birbirleri arasinda bir ag olusur. Bu sekilde makale gruplari
olusturulmug olur. VOSviewer bu gruplart renkli yuvarlaklar ve aralarindaki baglari renkli cizgiler ile
tanimlamustir. Yuvarlaklarin biiyiikligii ve ag ¢izgilerinin kalinligi ayrim yapmamizi saglar.

2 YONTEM

Arastirmamizda Aralik 2019 ile Agustos 2022 tarihleri arasinda Web of Science’m (WOS) ¢evrimigi veri
tabanlarinda bulunan makaleler iizerinde ortak anahtar kelime analizi kullanilarak elde edilen verilerin
haritalandirilmasi yapildi.

Veri tabanlarindaki arama Covid, Telemedicine, Covid and telemedicine anahtar kelimesi kullanilarak
gerceklestirildi. Bagliklar, yazarlar, anahtar kelimeler, atiflar olmak iizere tiim alanlar segilerek veriler indirildi.

Veri tabani indirildikten sonra elde edilen bilgileri gorsellestirmek amaciyla VOSviewer 1.6.16 versiyon
kullanildi. VOSviewer veri yiliklemesi yapilirken cocitation-cited references iligkisi ile haritalama yapildi ve
105.608 alintilanan referans haritalagtirildi.

VOSviewer haritasindaki dairelerin boyutu birlikte yaymlanan makalelerin sikligin1 gosterir. Daire
biiyiikliigii makalelerin coklugunu temsil eder. Iki yazar1 birbirine baglayan ¢izgiler yazarlar arasinda is birligini
gosterir. Cizgilerin kalinlig: fazlalastik¢a aralarindaki iligki giiglenir.

3 BULGULAR:
Secim Ol¢iitleri:

Arastirma baslangigta, tiim alanlar kisit1 ile yapilan ‘covid’ anahtar kelimesi aramasi sonucunda 316.384,
‘telemedicine’ anahtar kelimesi aramasi sonucu 13.115, ‘covid and telemedicine’ anahtar kelimesi aramasi sonucu
5.908 sonug saglandi.

Baslik kisit1 ile yapilan ‘telemedicine’ anahtar kelimesi aramasit sonucu 4.125, ‘covid’ anahtar kelimesi
aramasi sonucu 228.866, ‘covid and telemedicine’ anahtar kelimesi sonucu 1.442 sonug saglandi.

Bu caligmanin amaglariyla potansiyel olarak ilgili yaymlarla karakterize edilen 01.12.2019-18.08.2022
tarih araliginda ve ‘konu’ kisit1 kullanilarak yapilan ‘covid and telemedicine’ aramasinda 5,821 sonug sagladi.
Ayni kisit ile ‘covid’ aramasi yapildiginda 311.628 sonug, ‘telemedicine’ aramasi yapildiginda 12.585 sonug
saglandi.

Web of Science, Covid and telemedicine bashig1 aratilmasi sonucu 2019°dan 2022 ye kadar 5,821 yaym
yapilmistir. Toplam h-indeksi 81 olup ¢alisma bagina 8,59 atif almistir. 27.798 toplam atifla toplam 49,994 kez
alimtilanmistir. 2019°dan 2021°e kadar hem yayin hem atif ¢iktisinda artan bir egilim goriilmiistiir. 2021°den sonra
azalig gorlilmektedir (Sekil 1).
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Sekil 1. Web of Science yaym-alint1 grafigi

Web of Science, Covid and telemedicine bagligi ile yapilan filtreleme sonucu veri tabani indirildikten
sonra Vosviewer pogrami iizerinde ortak referans ag analizi, Item Density ve Cluster Density olmak iizere ii¢
farkl haritalama yapild: (Sekil 2,3,4).
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Sekil 2. Covid and  telemedicine konusu ortak referans alint1 ag1 analizi Network Visualization haritasi
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Sekil 3. Covid and telemedicine konusu ortak referans alint1 ag1 analizi Cluster Density haritasi

Sekil 4. Covid and telemedicine konusu ortak referans alint1 ag1 analizi Item Density haritast

Hollander J, 2020 en biiyiik olan dairedir. Covid and telemedicine konusu i¢in en ¢ok alintilanan, baglantist
fazla olan makaledir (Sekil 5).
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4 SONUC

Bu makalede Vosviewer gorsellestirme yazilimi ile mevcut durumu analiz eden bibliyometrik bir galisma
sunulmustur. WOS ¢ekirdek tabanindan indirilen verilere dayanarak 5,821 ilgili yayin elde edilmistir. Birbirleri
arasinda is birligi ag analizi ve ortak atif analizi olmak {izere bibliyometrik analiz uygulanmistir. Covid 19 un
baslamasi ile 2019°dan 2022’ye kadar ki siirecte covid ve teletip alani hakkinda yaymlar 6nemli dlgiide artmustir.
Yeni bulasici hastaliklarin olugmasi ile birlikte yayinlarin artmasi ile farkli veri tabanlari arasinda karsilastirmali
analiz yapilabilir.
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Abstract. Unsupervised learning techniques include discovering pat-
terns hidden in data and creating groups according to the representatives
of each group. Clustering is one of the most common machine learning
applications which is used to group data points by using a distance mea-
sure through every point. One of the steps in scRNA-seq analysis is the
clustering of single-cell gene expressions data. Feature selection is one of
the key steps after preprocessing and before clustering. However, in the
final step, it is critical to demonstrate clustering quality using a quantita-
tive or qualitative metric. After clusters have been determined, clustering
evaluation metrics are used to interpret the results. Rand Index, Mutual
Information Score, Silhouette Score and Purity Index are common in
clustering evaluation metrics. We did experiments on scRNA-seq gene
expression data and performed evaluation metrics with their advantages
and disadvantages as a helpful guide to compare clustering results. Also
visualization of outputs can help to interpret the clustering results.

Keywords: Clustering - clustering evaluation metrics - scRNA-seq gene
expression data.

1 Introduction

1.1 Clustering

It is an unsupervised learning method that uses unlabeled data to discover pat-
terns and it can be used to structure the entire dataset[1,2]. Members of the
same group may have several shared characteristics or features, such as color,
variation, weight, length, or shape. Among these features, clustering is one of
the method for uncovering hidden meaningful structure in unlabeled data. Clus-
tering has many well-defined applications in machine learning, data mining, and
statistics. Clustering can be used to implement a variety of applications such as
customer segmentation, image segmentation, cell type grouping and anomaly de-
tection, mobile network maximization, social media analysis, sentiment analysis,
and so on[3-9].

* Supported by CoHE 100/2000 Doctorate Scholarship.
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An important step in scRNA-seq analysis is the clustering of gene expression
data[20]. Clustering in single-cell analysis, helps to clarify what similarities mean
to understand how cells work in a network or environment at the cell level[16].
The progress in single-cell analysis is becoming clearer by the day. Thus, this
critical step of single-cell RNA-seq data allows for a deeper dive into tissue
level complexity[17,19]. Because of the large number of cell types and the high
dimensionality, more powerful and complex solutions are still required. Because
of their vitality, novel methods are being developed by many researchers[18].

Clustering is especially useful when dealing with large amounts of data, where
labeling the data ahead of time may be impractical, if not impossible. However,
selecting the best algorithm is not a single problem to be solved. To make dis-
tances objective, an algorithm generally requires a similarity or distance met-
ric[10].

2 Material and Method

Clustering evaluation metrics are measures that are used to assess the quality
of a clustering solution, i.e. how well a clustering algorithm has grouped similar
data points into clusters. These metrics enable a quantitative comparison of the
clustering solutions to some reference or ground truth, guiding the selection of
the best clustering algorithm for a specific problem. To assess the quality of
a clustering for a dataset, we can use evaluation metrics such as intra-cluster
distance, inter-cluster distance, or total connection.

2.1 Dataset

The dataset selected for this study is gene expression data gathered from single-
cell RNA sequencing of mouse retina cells. The raw dataset was built from
RNA sequence data produced by the Drop-seq method which is developed by
Macosko et al[20]. Gene Expression Omnibus(GEO)[42,43] is one of the great
storage for datasets produced by wet laboratory experiments. Our dataset was
downloaded from GEO with ID GSE63472 which is publicly available for single-
cell analysis[20].

The final dataset contains only values in the matrix including cell samples and
gene expression values. The gene ids are listed unordered on the rows and the cell
samples are placed unordered on the column headers. The dataset dimensions
are 24658 rows and 49300 columns with high sparsity ratio. Uncompressed file
size is about 2.3GB. It takes 10 minutes to read the whole dataset from the
disk into memory with a Python data frame object. In memory, the dataset
takes place 9.7 GB as a data frame object. If a sparse compressed matrix data
type is used in Python, file size is 130 MB on disk, 1GB in memory and slow to
process. If the AnnData HDF5 data type is used in Python, file size is 4.5 GB
on disk, 4.5 GB in memory and fast to process as dataframe data structure.

We investigate basic statistics that the dataset has an imbalanced structure
at first glance. Maximum value is 679 and minimum value is 0 in the raw dataset.
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Because of the high sparsity, most of the values are zero or close to zero in the
dataset. The high number of zeros makes the dataset a sparse structure.

2.2 Preprocessing and Feature Selection

We filtered out zero sum columns and rows to produce a more accurate result for
clustering and feature selection both. We also performed the threshold cut-off
for minimum 200 genes for each cell and minimum 3 cells for each gene.

We experimented two basic approach for feature selection. First, we used
random selection just according to the standard random number generation.
Then we changed total number of random number between 20, 50, 200 and 500.
Secondly, we used a statistical method of genes which called highly variable
gene(HVG) selection. Respectively we tried 20, 50, 200 and 500 HVG selection
from the genes left after filtering in preprocessing step previously.

2.3 Infrastructure

Our experiments are done in high performance computing which is providing
high number of CPU cores and RAM memory. First experiments are completed
in a single node dedicated to run any single job. All nodes have the same hard-
ware configuration: the operating system is Centos Linux 7.9, AMD Opteron
6176 2.3GHz 24 cores CPU, RAM Memory is 128GB DDR3, HDD is 1TB
7200rpm SATA disk and two 1Gbit network connections.

We used Python version 3.9.12 to run all jobs and matplotlib to generate
the visualization of the cluster sizes. For clustering algorithms and calculating
metrics, we used the scikit-learn package[40]. At the stage of preprocess and
generating data structure of AnnData, we chose the scverse scanPy package and
its dependencies[23].

2.4 Algorithms

We used two common algorithms, K-Means++ and DBSCAN, to cluster our
dataset after all of preprocess steps. The oldest clustering algorithm, K-Means,
is the easiest to implement, but also has limitations in the shape of the clusters.
Density-Based Spatial Clustering of Applications with Noise (DBSCAN) is a
clustering technique that divides a collection of data points into clusters based on
their local density. Unlike the k-means algorithm, which requires the number of
clusters and their forms to be provided before, DBSCAN automatically calculates
the number of clusters and their shapes.

K-Means K-Means is a popular clustering algorithm that divides a set of data
points into K clusters, with K is a user-specified value. The algorithm assigns
each data point to the nearest cluster center iteratively, then updates the cluster
centers to the mean of the data points assigned to the cluster. The method
is repeated until closer cluster centers or the maximum number of iterations
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reached. K-Means can only spot convex clusters and can’t handle non-linearly
separable data.

K-means attempts to minimize the sum of squared distances between data
points and their assigned cluster center. The K-Means is sensitive to the initial
cluster centers selected, and it may converge to a local minimum. To show this
problem, the K-means algorithm is frequently run numerous times with random
initializations, with the optimal solution determined by some evaluation criterion
such as the within-cluster sum of squared distances. K-Means++ is an optimized
version of K-Means which more efficient way to find cluster centers rather than
random initial centers.

1. Choose K cluster center count.

2. Assign each data point to the nearest cluster center using the Euclidean
distance or another similaity metric.

3. Adjust the cluster centers to the mean of the cluster’s data points.

4. Steps 2 and 3 should be repeated until the cluster centers no longer change
or the maximum number of iterations is reached.

K-means is a simple and fast technique that works well with big and high-
dimensional data sets. However, K-Means runs under assumption of spherical
clusters and equal sizes, which are not seen with real-world data. Alternative
clustering algorithms, such as hierarchical clustering or density-based clustering,
may be more appropriate in such instances.

DBSCAN DBSCAN outperforms other clustering methods such as K-Means
in various ways. DBSCAN can manage clusters of any shape and size, also iden-
tify noise or outlier points in data. However, the choice of epsilon and minimum
points for the clusters have a considerable impact on the outcomes. These param-
eters must be carefully set based on the data properties like single-cell RNA-seq
data distribution, sparsity, dimensions, etc. Furthermore, DBSCAN is sensitive
to data density and may not be suited for data sets with considerable fluctuations
in density. DBSCAN doesn’t work well with datasets with areas of heterogenous
density. Moreover, it’s hard and unintuitive job to determine the best values for
the algorithm hyper-parameters.

1. A neighborhood of a data point is defined by a radius epsilon and a minimum
number of size. If a data point has at least minimum size data points within
a distance of epsilon, it is considered a dense point.

2. A data point is considered a core point if it has at least minimum size within
a distance of epsilon.

3. Starting from each core point, DBSCAN builds a cluster by adding dense
points that are reachable within a distance of epsilon. The algorithm contin-
ues to expand the cluster until no more dense points are found.

4. Data points that are not part of any cluster are considered noise or outlier
points.
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By employing clustering result visualizations and metrics, we can obtain a
deeper understanding of the DBSCAN for clustering findings and make knowl-
edgeable judgments about feature selection and interpretation.

2.5 Cluster Evaluation Metrics

Silhouette Score ranges from -1 to 1, measures how similar an object is to its
own cluster compared to other clusters. A high silhouette score indicates that
the clusters are well-separated and dense.

Rand Index (RI) is a measure of the similarity between two data clusterings.
It is commonly used to evaluate the performance of a clustering algorithm by
comparing the predicted labels with the true labels of the data. The Rand index
ranges from 0 to 1, where 1 indicates a perfect match between the predicted and
true labels and 0 indicates no similarity at all. The Rand index is calculated
as the proportion of pairs of data points that are either both assigned to the
same cluster in both the predicted and true labels or both assigned to different
clusters in both the predicted and true labels[26,27]. Adjusted Rand Index is a
normalization of Rand Index according to the chance factor. It ranges from -1
to 1 and compares the similarity of the true class labels and the cluster labels
produced by the algorithm.

Mutual Information (MI) between two clusters is defined as the sum of the
mutual information between each pair of clusters. It ranges from 0 to 1, with
higher values indicating a greater similarity between the clusters produced by
the algorithm and the reference clustering. It is a useful metric for comparing
the results of a clustering algorithm to a known or annotated clustering. It can
also be used to compare different clustering algorithms applied to the same data.
It is important to note that mutual information is sensitive to the number of
clusters, so it’s recommended to adjust the number of clusters on the reference
clustering to best match the number of clusters obtained by the algorithm being
evaluated[28]. Normalized Mutual Information (NMI) is another measure of the
similarity between true and predicted labels. It is based on the mutual informa-
tion between the two sets of labels, but is normalized to scale between 0 and
1. Like the ARI, a value of 1 indicates a perfect match between the true and
predicted labels. NMI is a good metric to use when the true labels of the data
are known[28]. Purity index is a measure of the homogeneity of a cluster, where
a cluster is considered pure if all of its members belong to the same class. We
assign a label to each cluster according to the most frequent class in it.

The purity index of clustering is a measure of the degree to which the data
points in a cluster belong to a single class. It is defined as the ratio of the number
of data points in a cluster that belong to the majority class to the total number
of data points in the cluster. Purity ranges from 0 to 1, where a value of 1
indicates that all data points in the cluster belong to the same class and a value
of 0 indicates that the cluster contains an equal number of data points from
all classes. Homogeneity, completeness and V-measure are used to evaluate the
completeness and homogeneity of the clusters.
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Homogeneity measures if all the data points within a cluster belong to the
same class. Completeness measures if all the data points of a class are assigned
to the same cluster. V-measure is the harmonic mean of homogeneity and com-
pleteness. In general, no one evaluation metric is sufficient for determining the
quality of a clustering algorithm. To obtain a more complete evaluation of the
algorithm’s performance, multiple metrics should be evaluated.

3 Results

3.1 Experiments

Experiments are repeated with numbers and options provided respectively.
K-Means experiments are done with these parameters:

— K=39

— max. iteration=500, 3000
— random state=0

— initial random seed=10
— algorithm=kmeans++

DBSCAN experiments are done with these parameters:

— epsilon=0.1, 0.5, 0.7, 0.9, 1.1, 1.5, 2.0, 2.5
— minimum size=20, 50, 90, 200
— algorithm=brute, kd_tree

We included only the most significant six experiments in this paper. In Table
1-3, the experiments’ metrics are evaluated with the results of Macosko et al. ex-
cept Silhouette score doesn’t need a true label or ground truth dataset. In some
experiments with DBSCAN, over 800 clusters are found. But these clusters and
its sizes are not compatible with the real-world. Also the distributions in results
are far from the expected or real-world data We repeated many variations of pa-
rameters to find optimum values. Whether we completed numerous experiments
more than 5000 or we tuned algorithms to lower the execute time, there is no
optimal solution yet despite clustering results show better or worse distribution.
There are lots of cases to be handled with a scientific research manner.

4 Conclusion

Single-cell gene expression data analysis steps rely significantly on clustering in
a wide range of application disciplines. The popular K-Means technique and DB-
SCAN are the focus of this research. As concerns with the random initialization
and the inability to handle whole data with selected features, an experimental
investigation is shown on a popular dataset to demonstrate the performance of
various parameters. The results can be viewed as visualization of cluster sizes(see
Fig.1-4).
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Table 1. K-Means experiments #1 and #2 results which are the most significant.

Total number of features selected are 500 and 50 respectively.

Metric Name random500|hvg500 |[randomb50|hvg50
Silhouette Score 0.137 0.916 |0.409 0.995
Purity Index 0.130 0.998 0.435 0.997
Rand Index(RI) 0.560 0.432 |0.549 0.432
Adjusted RI 0.004 -0.001 ]0.035 0.000
Mutual Information(MI) |0.023 0.002 |0.021 0.002
Normalized MI(Arithmetic)|0.010 0.002 |0.010 0.002
Normalized MI(Geometric) [0.010 0.011 |0.010 0.014
Completeness Score 0.013 0.001 |0.012 0.001
Homogeneity Score 0.008 0.107  |0.009 0.176
V-measure Score 0.010 0.002 |0.010 0.002
Clusters 39 39 39 39

Time 1min31s 1minl3s|11s 9s

Table 2. DBSCAN experiments #1 and #2 results which are the most significant.

Minimum cluster size is 20, epsilon is 0.5 and 0.9 respectively.

Metric Name random500|hvg500|random50 | hvg50
Silhouette Score NA NA NA NA
Purity Index 0.999 0.942 |1.000 0.942
Rand Index(RI) 0.431 0.446 (0.431 0.446
Adjusted RI 0.0000 0.005 (0.000 0.0050
Mutual Information(MI) |0.000 0.000 |0.000 0.000
Normalized MI(Arithmetic)|0.000 0.000 |0.000 0.000
Normalized MI(Geometric) |0.002 0.001 {0.000 0.001
Completeness Score 0.000 0.000 ]0.000 0.000
Homogeneity Score 0.047 0.004 |1.000 0.004
V-measure Score 0.000 0.000 {0.000 0.000
Clusters 1 1 0 1
Time 21s 1min4s|20s 1minT7s

Table 3. DBSCAN experiments #3 and #4 results which are the most significant.

Minimum cluster size is 50, epsilon is 0.5.

Metric Name random30|hvg30|random50|hvg50
Silhouette Score 0.517 0.828 |0.267 0.820
Purity Index 0.387 0.721 |0.347 0.720
Rand Index(RI) 0.541 0.501 [0.545 0.501
Adjusted RI 0.012 0.026 |{0.000 0.026
Mutual Information(MI)  |0.024 0.015 |0.028 0.015
Normalized MI(Arithmetic)|0.012 0.010 |0.012 0.010
Normalized MI(Geometric) [0.012 0.011 |0.013 0.011
Completeness Score 0.013 0.008 |0.016 0.008
Homogeneity Score 0.011 0.013 |0.010 0.013
V-measure Score 0.012 0.010 |0.012 0.010
Clusters 49 25 49 25

Time 13s 39s  |5s 37s
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In Table 2, silhouette scores couldn’t be computed because there is no other
cluster to compare. Similarly, purity indexes are very close to 1 according to no
other cluster. The extreme high score can be easily defined as worthless due to
cluster quality. On the other hand, this situation is the indicator of cluster results
belonging to a single cluster. The silhouette score is a finer-grained measure of
data points’ closeness to their own cluster, whereas the purity index is a coarser-
grained indicator of class assignment correctness. The silhouette score may be a
preferable alternative if our goal is to measure the similarity of data points to
their own cluster. If our goal is to analyze the accuracy of class assignment, the
purity index may be a preferable choice.

In Table 3, feature selection between 30 and 50 genes, results in slight differ-
ences for mutual information and rand index. The mutual information measures
the amount of information provided by cluster assignments about the true class
labels, whereas the Rand index measures the similarity of two clustering solu-
tions. The metric to use will be determined by the specific needs and require-
ments of the clustering problem at hand. If our goal is to assess the similarity of
cluster assignments to true class labels, mutual information may be a better op-
tion. If our goal is to compare the similarity of two different clustering solutions,
the Rand index may be a better choice.

Completeness score provides a measure of the extent to which all data points
in the same class are assigned to the same cluster. The choice of which metric
to use will depend on the specific needs of the clustering of scRNA-seq data.
To assess the similarity of a data point to its own cluster, the silhouette score
may be a better choice than all data points in the same class are assigned to
the same cluster. So irregular distribution fluctuation of results may produce
lower values in completeness score, homogeneity score and V-measure score.
Thus according to some scRNA-seq dataset properties, clusters are skewed on
narrow dispersions(see Fig.3).

The experimental research revealed that there is no universal answer to the
algorithms’ difficulties under the cluster evaluation metrics which should be used
multiple of metrics together. Each of the algorithms’ existing variations are ei-
ther application-specific or data-specific. Our future study will concentrate on
constructing a more robust approach capable of addressing both preprocessing
and feature selection stages. The experiments showed that there are significant
differences between random and highly variable feature selections in single-cell
gene expression data. To obtain a better understanding, multiple clustering eval-
uation metrics should be used.
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Fig. 1. K-Means experiment #1 visualization with the result of cluster sizes
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Ozet. Kronik miyeloid 16semi (KML) ve akut lenfositik 16semi (ALL) basta
olmak iizere otozomal dominant gelisimsel sendromu, isitme bozuklugu, renal
hipoplazi ve okiiler anormallikler gibi hastaliklarda ABL1 proteini dogrudan
iliskilidir [1-4]. ABL1 tlizerinde meydana gelen nokta mutasyonlari hastaliklarin
tedavisinde kullamlan inhibe edici ajanlarin etkililigini azaltmaktadir.
Dolayisiyla proteinin ¢esitli bolgelerinde olusabilen bu varyantlara iligkin
patojenite tahminin yapilmasi ilag gelistiriciler i¢in olduk¢a 6nemlidir. ABL1
proteini tizerindeki varyantlara odaklanilan bu ¢aligmada missense varyantlarin
insan fenotipi lizerindeki etkisini zararl1 (patojenik) veya zararsiz (ndtral) olarak
tahmin eden bir BERT modeli gelistirilmistir. ABLI proteinine iligkin missense
varyantlar UniProt, ClinVar, dbSNP ve EVS veritabanlarinda taranarak
dogrulugu bilimsel ¢aligmalarla kanitlanmus olan varyantlar filtrelenmistir.
Toplam 487 varyant arasindan 239 benzersiz varyant bulunarak “Pathogenic”
ve “Benign” kategorisi altinda standart bir formatta birlestirilmistir. ABL1
proteininde amino asit diizeyindeki degisimlerin tanimlanabilmesi i¢gin referans
sekanslar (wild type) NCBI veritabanindan FASTA formatinda indirilerek
varyantin pozisyon bilgisine gore varyant sekanslara doniistiiriilmiis ve veri seti
olusuturulmustur. ABL1 protein varyantlari igin patojente tahmininde
UNiRef100 ile egitilmis bir model olan Prot-Bert modeli [5] kullanilmustir.
Model Colab Pro+ hizmeti kullanilarak GPU {izerinde yiiksek RAM kapasitesi
ile egitilmistir. Model performansinin degerlendirilmesi i¢in hata matrisi
olusturularak dogruluk, kesinlik, duyarlilik, F olgiitii hesaplanmustir. Ayrica
ortalama egri altinda kalan alan yaklagimmi kullanan ROC-AUC egrisi
hesaplanarak ikili siniflandirmalarda performans basarist degerlendirilmistir.
Buna gore test seti iizerindeki model tahmin performans degerleri, dogruluk
0.73, kesinlik 0.72, duyarlilik 0.73, F 6lgiitii 0.73 ve ROC-AUC degeri 0.73
olarak hesaplanmustir. Gelistirilen model bir 6n ¢alisma olup model tahmin
performansinin  arttirillmasina yonelik hiperparametre optimizasyonu, girdi
vektoriinin  yeniden diizenlenmesi, boyut indirgeme gibi yaklagimlarm
kullanilmasi planlanmaktadur.

Anahtar Kkelimeler: ABL1, varyant etki tahmini, BERT modelleme.
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Pathogenicity Prediction of ABL1 Protein Variants with
the BERT Model

Abstract. ABL1 protein is directly associated with diseases such as chronic
myeloid leukemia (CML), acute lymphocytic leukemia (ALL), autosomal dom-
inant developmental disorder, hearing impairment, renal hypoplasia, and ocular
abnormalities [1-4]. Point mutations on ABL1 reduce the effectiveness of inhib-
itory agents used in the treatment of diseases. Therefore, estimating the patho-
genicity of these variants that can occur in various regions of the protein is very
important for drug developers. Therefore, pathogenicity prediction for these
variants that can occur in various regions of the protein is very important for
drug developers. In this study, we focused on ABL1 protein variants. We de-
veloped a BERT model that predicts the impact of missense variants on the hu-
man phenotype, whether pathogenic or benign. We searched for missense vari-
ants of the ABLI protein in the UniProt, ClinVar, dbSNP and EVS databases.
We filtered the variants whose accuracy has been proven by scientific studies.
We found 239 unique variants out of a total of 487 variants and combined them
in a standard format under the categories of “Pathogenic” and “Benign”. In or-
der to identify the changes in amino acid level in the ABL1 protein, we down-
loaded the reference sequences (wild type) from the NCBI database in FASTA
format, converted them into variant sequences according to the position infor-
mation of the variant and created a data set. We applied a UNiRef100-
pretrained model, the Prot-Bert model [5], to predict pathogen for ABL1 protein
variants. The model is trained on the GPU with high RAM capacity using the
Colab Pro+ service. In order to evaluate the model performance, accuracy, pre-
cision, recall and F score were calculated by creating a confusion matrix. In ad-
dition, performance success in binary classifications was evaluated by calculat-
ing the ROC-AUC curve using the area under the mean curve approach. Ac-
cordingly, the model prediction performance values on the test set were calcu-
lated as accuracy 0.73, precision 0.72, recall 0.73, F score 0.73, and ROC-AUC
value 0.73. This model is a pre-study. We plan to use approaches such as
hyperparameter optimization, input vector reorganization, dimension reduction
to improve model prediction performance.

Keywords: ABLI, variant effect prediction, BERT.
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Investigation of Active Compounds for AKR1B1 Enzyme
by Molecular Docking Method

Abstract. Aldo-keto reductase family 1 member B1 (AKR1B1), also known as
aldose reductase (AR), is the first enzyme in the polyol pathway. It converts
glucose into sorbitol, which depletes NADPH during processing. It also reduces
steroids and their derivatives and prostaglandins. Besides these reductions,
AKRIBI can reduce lipid aldehydes, which can regulate cell growth and death.
AKRI1BI is involved in the development of secondary diabetic complications,
especially under hyperglycemic conditions. Also in cancer, AKRIBI is
associated with epithelial-mesenchymal transition (EMT) phenotype, tumor
aggressiveness and invasiveness, and ZEB1 expression. In this study, it was
aimed to investigate the biological activities of 27 ligands obtained from
databases for the enzyme structure of AKRIB1 using the molecular docking
method. According to the results of molecular docking analysis, 15 ligands
exhibited better binding affinity than the current inhibitor (Minerestat) structure
of AKRIBI1 enzyme.

Keywords: AKR1B1, molecular docking, cancer, diabet, Minelrestat.

Ozet. Aldoz rediiktaz (AR) olarak da bilinen aldo-keto rediiktaz ailesi 1 iiyesi
B1 (AKR1B1), poliol yolundaki ilk enzimdir. Glikozu, islem sirasinda NADPH
tiketen sorbitole donistiriir. Ayrica steroidleri ve tiirevlerini ve
prostaglandinleri azaltir. Bu azalmalarin yan1 sira AKR1BI, hiicre biiyilimesini
ve Olimiinii diizenleyebilen lipid aldehitleri azaltabilir. AKRIBI, ozellikle
hiperglisemik kosullar altinda, sekonder diyabetik komplikasyonlarin
gelismesinde rol oynar. Aymi zamanda kanserde AKRIBI, epitelyal-
mezenkimal gecis (EMT) fenotipi, tiimor agresifligi ve invazivligi ve ZEB1
ekspresyonu ile iligkilidir. Bu ¢alismada AKR1B1 enzim yapisina yonelik veri
tabanlarindan alman 27 adet ligandin molekiiler kenetlenme yontemi
kullanilarak biyolojik aktivitelerinin arastirilmas: hedeflenmistir. Molekiiler
kenetlenme analiz sonuglara gore, 15 adet ligand AKR1B1 enziminin mevcut
inhibitor (Minelrestat) yapisina gore daha iyi baglanma afinitesi sergilemistir.
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Anahtar kelimeler: AKRIBI, molekiiler kenetlenme, kanser, diyabet,
Minelrestat.

1 Giris

Metabolik yollarin diizensizlesmesi, son yillarda kanser olusumunda ana faktor
olarak giderek daha fazla degerlendirilmektedir. Metabolizmadaki kanserle iligkili
baglica degisiklikler, glikoz ve amino asitlerin anormal alimmi ve biyokiitle ve
nikotinamid adenin diniikleotit fosfat (NADPH) iiretimi i¢in metabolik yollarin
oncelikli kullanimini igerir. Aldo-keto rediiktazlar (AKR'ler), NADPH'den gelen
elektronlar1 kullanarak karbonil gruplarmin birincil ve ikincil alkollere indirgenmesini
katalize edebilen NADPH bagimli sitozolik enzimlerdir [1]. Aldoz rediiktaz siiper
ailesinin bir iiyesi olan, AKR1B1 olarak da bilinen aldo-keto rediiktaz ailesi 1 iiyesi
Bl1, fazla glikozun sorbitole doniigiimiinii katalize eder ve bir dizi diyabetik
patolojideki rolii nedeniyle kapsamli bir sekilde incelenmistir. Ancak son yillarda,
AKRIB enzim ailesinin yiiksek ekspresyonu, farkli kanser tiirlerinde (yumurtalik,
endometriyal, servikal, akciger, vb.) daha koti sonuglarla giiclii bir sekilde
iliskilendirilmistir [2-5].

Molekiiler etkilesimi simiile eden ve reseptorler ile ligandlar arasindaki baglanma
modu ve afiniteyi dngoren, yapi tabanli bir ilag tasarim yontemi olan molekiiler
kenetlenme, yapisal molekiiler biyoloji ve bilgisayar destekli ilag¢ tasariminda 6nemli
bir aractir [6]. Son yillarda, bu teknoloji ilag tasarimi arastirma alaninda yaygin olarak
kullanilmaktadir. Potansiyel farmakoforlari taramak igin bilesik veri tabanlarini
kullanmak, arastirmacilarin takip eden farmakolojik testleri satin almalari,
sentezlemeleri ve tamamlamalar1 i¢in uygun olmakla kalmaz, ayn1 zamanda etkinligi
biiylik 6l¢iide artirir ve arastirma maliyetini azaltir [7]. Ligand-protein kenetlemenin
amaci, bir ligandin bilinen i¢ boyutlu yapiya sahip bir protein ile baskin baglanma
mod(lar)in1 tahmin etmektir. Basarili yerlestirme yontemleri, yliksek boyutlu alanlar1
etkili bir sekilde arar ve aday yerlestirmeleri dogru sekilde siralayan bir puanlama
iglevi kullanir. Yerlestirme, biiyiik bilesik kitapliklar1 {izerinde sanal tarama yapmak,
sonuglar1 siralamak ve ligandlarin hedefi nasil engelledigine dair yapisal hipotezler
o6nermek i¢in kullanilabilir [8].

Bu caligmada, bilgisayar destekli ila¢ tasarimi yontemleri kullanilarak bilesik veri
tabanlarindan taranan 27 adet bilesigin AKR1B1 enzimine yonelik baglanma
afinitelerinin ve inhibisyon mekanizmasmm molekiiler seviyede arastiriimasi
hedeflenmistir. Caligmanin ilk asamasi olarak, AKR1B1 enzimi ve bilesiklerin ii¢
boyutlu yap1 analizleri yapilmistir. fkinci asamasinda ise, molekiiler kenetlenme
kullanilarak her bir bilesik ile hedef enzim yapisi arasindaki baglanma serbest enerjisi
hesaplanmistir. Tiim bu analizler sonucunda “ZINC4694708” kodlu bilesik AKR1B1
enzimine kars1 en iyi baglanma afinitesi gosteren bilesik olarak belirlenmistir. Elde
edilen sonuglar 1s1ginda, mevcut bilesiklerin biyolojik etkinliklerinin zaman ve
maliyet acisindan daha avantajli incelenmesine imkan vermistir.
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2 Yontem

2.1  Enzim ve ligandlarin 3-boyutlu yapilarimin hazirlanmasi

Yapisal olarak 316 aminoasit uzunluguna sahip AKRIBI1 enzimine ait {i¢ boyutlu
kristal yapi http://www.rcsb.org/pdb adresindeki PDB web sitesinden elde edildi (pdb
kodu: 1PWL; coziiniirlik: 1.1A). Elde edilen bu yapinmn 3-boyutlu yapisinm
aydmlatilmasinda X-ray yontemi kullanilmis ve bu yapi enzimin tiim sekansini
kapsamaktadir. Ayrica mevcut durumda ilag molekiilii olarak kullanilan “Minelrestat”
ligandin1 yapisinda bulundurmaktadir. Bu kristal yapidan su ve iyon molekiilleri
uzaklastirilarak. kristal yapidaki eksik hidrojen atomlari ve atomik yiikler APBS-
PDB2PQR [9] ile yeniden yapilandirildi. Molekiiler kenetlenme galismalar: igin,
PubChem ve Chembl veri tabanlarindan taranan bilesiklerin 3-boyutlu yapilar ise,
.sdf uzantili olarak bilgisayar ortamina yiiklenerek Avogadro [9] programu ile hidrojen
atomlar1 eklenip .pdb formatinda kaydedilmistir.

2.2  Molekiiler Kenetlenme Yontemi

Hedef yap1 olarak belirlenen AKR1B1 proteinin 3-boyutlu yapist ile etkin 27
bilesigin baglanma afinitelerini ve inhibisyon mekanizmasini molekiiler seviyede
aydinlatabilmek icin bilgisayar destekli ila¢ tasarim yontemlerinden olan molekiiler
kenetlenme analizi uygulannmustir. Molekiiler kenetlenme analizi AutoDock 4.2 [10]
kullanilarak gergeklestirilmistir. Hazirlanan enzim ve ligandlarin PDB dosyalart,
PDBQT formatina doéniistiiriilmiistiir. Tim molekiiler kenetlenme calismalarinda
ligand molekiillerinin  hedef enzimin baglanma bdlgesindeki  optimum
konformasyonunu belirlemek i¢in Lamarckian Genetik algoritma kullanilmigtir ve
grid kutu i¢in koordinatlar (x=12.023; y=20.605; z=-13.578) belirlenmistir. Her bir
ligand ve enzim yapisi i¢in 100 ¢aligma adimi ile docking analizi tamamlanmstir. En
diisiik baglanma enerjisine sahip enzim-ligand kompleks bilesiklerinin 2-boyutlu
etkilesim analizi gergeklestirilmistir.

3 Bulgular

Gergeklestirilen molekiiler kenetlenme analizine gore, AKRIB1 enzimi ile etkin
bilesikler arasindaki baglanma enerjileri Tablo 1°de verilmistir. Caligmaya alinan 27
ligand igerisinden 15 adet ligand yapisi, enzim yapisina ait referans ligand
(Minelrestat) bilesiginden daha iyi baglanma afinitesi gostermistir. Tablo 1’de verilen
sonuglar incelendiginde en diisiik baglanma enerjisine sahip (-11.41 kcal/mol)
ZINC4694708 kodlu bilesige iligkin 2 boyutlu goriintiisii Sekil 1’de verilmistir.

Tablo 1: AKR1B1 enzimi ile etkin bilesikler arasindaki baglanma enerjisi degerleri.
Koyu renkte belirtilen bilesikler referans bilesige gore daha iyi baglanma afinitesi
gosteren bilesiklerdir.
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Ligand No Veri Tabam Kodlari Baglanma Enerjisi (kcal/mol)

Referans CHEMBL273910-Minelrestat -8.58
1 CHEMBLA463334 -5.28
2 CHEMBL2260162 -8.73
3 CHEMBL2260155 -8.67
4 CHEMBL1645381 -10.73
5 CHEMBL374606 -7.22
6 CHEMBIL2260152 -11.08
7 CHEMBL1645384 -10.29
8 CHEMBL374829 -2.31
9 CHEMBLA464987 -7.26
10 CHEMBL2260158 -8.65
11 CHEMBL2260153 -9.32
12 CHEMBL2260163 -8.70
13 CHEMBL240725 -10.24
14 CHEMBL20207 -10.45
15 CHEMBLS50-quercetin -8.70
16 CHEMBL228478 -7.46
17 CHEMBL2260159 -10.53
18 CHEMBL2260161 -9.59
19 CHEMBL10372-Zopolrestat -10.74
20 ZINC966735 -8.83
21 ZINC12341775 -8.39
22 ZINC66262650 -10.79
23 ZINC4694708 -11.41
24 ZINC1533688 (Epalrestat) -10.23
25 ZINC3869685 (Meletin) -8.51
26 ZINC12404515 (Sulindac Sulfide) -8.54
27 ZINC3872446 (Llagate) -6.08

Kristal yapidaki referans ligand (Minelrestat) Vald7, Trp79 ve Phel22 pi-alkil bag,
His110 ve Glyl8 ile karbon hidrojen bag, Lys77, GIn183, Trp20, Tyr48, Lys262,
Cys298, Trpl11 ve Asn160 ile geleneksel hidrojen bag etkilesimleri olmustur (Sekil

).
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Sekil 1: Molekiiler kenetlenme analizi sonrasinda AKR1B1 enzimi ile Minelrestat
inhibitorii ile etkilesim bdlgesinin 2-boyutlu gosterimi

Ote yandan baglanma enerjisi en yiiksek olan ZINC4694708 ligandin, AKR1BI1
yapisindaki Val47, Trp79, Tyr48, Pro211 ve Lys262 ile pi-alkil bag, Trplll ve
Asn160 ile geleneksel hidrojen bagi, His110 ile karbon hidrojen, pi-alkil ve pi-pi bag,
Trp20 ve Tyr209 ile pi-pi bag, Ser210 ile pi-sigma bag, GIn183 ile Siilflir-x bag
etkilesimleri olmustur (Sekil 2). Bu etkilesimler enzimin aktivitesi i¢in 6nemli role
sahiptir [11].
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Sekil 2: Molekiiler kenetlenme analizi sonrasinda AKR1B1 enzimi ile en iyi
baglanma afinitesi gosteren ZINC4694708 ligand ile etkilesim bdlgesinin 2-boyutlu
gosterimi
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4 Sonu¢

Yapilan bu c¢alismada, yapt temelli ilag tasarimi yontemlerinden molekiiler
kenetlenme analizi kullanilarak klinik ¢aligmalarda kullanilan 27 etkin bilesik ile
AKRI1BI1 enzimine karst biyolojik etkinlikleri incelenmistir. Molekiiler kenetlenme
analizi sonuglarma gore, incelenen 27 adet ligand igerisinden 15 adet ligand enzimin
3-boyutlu yapist igerisindeki referans bilesige kiyasla daha iyi sonuglar vermis ve
hedef olan AKRIB1 enziminin katalitik aktivitesinde kritik 6neme sahip olan
aminoasitlerle uzak bag etkilesimleri meydana gelmistir. Bu bilgiler 1s18inda,
ilerleyen c¢alismalarda incelenen bu ligand yapilarinin molekiiler kenetlenme
yontemleri ile tahmin edilen konformasyonlarmm kararliliini incelemek igin
molekiiler dinamik simiilasyon ¢alismalarmin yapilmasi planlanmaktadir.
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Abstract. Transposable elements (TEs) are repeat DNA elements that can relo-
cate themselves in the genome. TEs have roles in development, differentiation,
and disease, in addition to the normal functioning of the cell, and play a role in
the generation or inhibition of elements that play a role in gene regulation in eu-
karyotic organisms. As TEs pose specific analytical difficulties due to their se-
quences being repeated across the genome and require specialized computational
methods to study, they are often overlooked in genomic research.. Here, we de-
scribe a bioinformatics pipeline that can identify TEs that contribute to accessible
genomic regions and predict the effects of these transposons on gene regulation
using statistical methods. Our pipeline comprises multiple functions which allow
for integrated multiomics analyses, including the enrichment of TEs in accessible
genomic regions, enrichment of such accessible TEs in the regulatory regions of
genes of interest, and identification of regulatory motifs in identified TEs of in-
terest. By streamlining and optimizing TE analysis in the context of gene regula-
tion and contribution of accessible regions in a single, easy to use package, our
pipeline will help further our understanding of TEs and their roles in the genome.

Keywords: Transposable elements, mobile genomic elements, transcriptional
regulation

1 Introduction

1.1  The biological role of TEs

Transposable elements (TEs) are repeat sequences in the genome that can relocate
themselves, either creating new copies of themselves through RNA intermediaries
(class I, or retrotransposons) or excising themselves from their original position before
reinsertion (class I, or DNA transposons) [1-2]. TEs are found in a wide evolutionary
range of organisms, and comprise a large portion of more advanced organisms, such as
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mammals [3] They contribute to genomic function, regulation, and complexity via sev-
eral mechanisms, such as creation of new genes, generation of novel promoters, or in-
sertion or disruption of gene regulatory motifs, such as transcription factor binding
sites. These contributions can be both at the species level, or at individual- or even
tissue-specific level. TEs are often dormant in higher complexity organisms, although
even in humans, specific TE subfamilies such as LINE-1 or Alu elements show active
transposition, both in germline, and somatic tissues. Unregulated transposition of TEs
can cause various disorders. For example, demethylation of LINE-1 is closely linked to
various forms of cancer via multiple mechanisms, including expression of neighboring
oncogenes (e.g. Myc in breast cancer) [4], or the expression of the open reading frames
located on the TEs themselves, with the ORF1 of LINE-1 being lined to loss of TP53
activity in ovary cancer [5]. Another mechanism TEs can contribute to genomic regu-
lation is through the contribution of accessible chromatin regions. For example, cells in
the human immune system have evolutionarily accumulated TE-rich regions which be-
come accessible as a response to bacterial infection [6].

1.2 Computational analysis of TEs

Due to their repeat nature, study of TEs can pose unique challenges, which require
specialized methods to overcome. Therefore, TEs are often overlooked in genomic re-
search [7]. However, recent years have seen an increase in newly developed computa-
tional methods and software specialized for TE research. Tools such as SalmonTE [8]
have improved the quantification of TE expression in a locus-specific manner using
bulk RNA sequencing data, while soloTE has performed similarly for single cell se-
quencing [9]. Previously, our research group has also published several such TE-focued
tools and databases, including PlanTEnrichment, a database to identify TE enrichment
nearby genes of interest in model plant genomes [10], and TEffectR, which predicts the
potential effects of TE expression on the expression of nearby genes using RNA-seq
data (Karakiilah et al., 2019). Despite such advancements, however, adaptation of tools
and workflows originally designed for analysis of protein coding genes to TE analysis
remains common.

Here, we describe an R pipeline and package to identify TE enrichments in accessi-
ble regions, and predict their roles in the regulation of gene expression via the contri-
bution of regulatory motifs located in their sequences. Using multiomics data obtained
from a biological model, including ATAC-seq and RNA-seq, our pipeline can quickly
and efficiently help identify TEs of interest for research.

2 Functions of the pipeline in brief

2.1 Enrichment of TEs in accessible chromatin regions

To identify TE enrichment in open chromatin, our pipeline uses annotated ATAC-seq
peaks and repeat locations in the genome. Instances of each TE subfamily, family, or
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class overlapping the ATAC-seq peak are summed up to calculate the observed acces-
sible number of TEs in the category. The enrichment of the accessible TEs is then cal-
culated using negative binomial testing against the expected number of such TEs. We
calculate the expected number of TEs by randomly distributing ATAC-seq peaks in
regions of shared genomic context (e.g. promoter regions, or exons) a number of times,
and calculating the average of TE overlaps across repeated random distributions.

2.2 Prediction of TE impact on gene expression

Using a list of genes of interest, such as differentially expressed genes (DEGs), our
pipeline can predict whether accessible TEs can help contribute to the regulation of
those genes. TE association with a gene is determined based on distance of TE to the
start site of the gene, where the distance can be customized by the user. We then use
negative binomial testing to compare the observed number of DEG associated TEs to
the expected number of TEs, calculated by selecting an equal number of TEs in the
same category found outside of accessible regions, and averaging the number overlap-
ping the promoter region across repeated random distributions.

2.3  Identification of genomic motifs enriched in TEs of interest

Our pipeline leverages the HOMER genomic sequence analysis software [12] to iden-
tify genomic motifs, such as transcription factor binding sites, enriched in instances of
TEs of interest. It can do so both for accessible TEs in general, or TEs enriched in the
promoter regions of genes specifically, using different background region calculations
optimized for each type of input.

2.4  Other functions

Other pipeline functions are available or undergoing development. Currently, the pipe-
line can generate exploratory plots for the generated output.

3 Conclusion

TEs continue to be of great importance to our full understanding of biological systems.
By providing researchers with a TE-optimized workflow in an easy to use R package
designed to process multiomics data to help identify the regulatory impact of TEs, we
believe our pipeline can greatly help advance our understanding of TEs.
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Title: Comparison of Mendelian randomization approaches and alternative model
for causal relationships in complex data

Abstract: Mendelian randomization (MR) analysis is a common causal inference tool used in
genetic studies. But it can have limitations for estimating causal relationships in complex data
sets that include, such as, genetic predictors and potential risk factors associated with the same
genetic variant. Here we use real data from IPOP database to explore recently-proposed alter-
native approach: a multi-SNP mediation intersection-union test (SMUT). We determine that the
SMUT is an alternative method to MR for investigating causal relationships in complex data
such as “omics” technologies.

Keywords: Mandelian randomization, SMUT, lipidomics

Ozet: Mendel randomizasyon (MR) analizi, genetik galigmalarda yayg kullanilan bir
nedensel ¢ikarim aracidir. Ancak, Ornegin birden fazla genetik Ongériici ve ayni genetik
varyantla iliskili birden fazla potansiyel risk faktorii iceren karmasik veri setlerinde eszamanl
nedensel iliskileri degerlendirmek i¢in sinirlamalart olabilir. Burada, yakin zamanda 6nerilen
bir alternatif yaklasim olan goklu TNP aracilik kesisim-birlik testi (SMUT) performansin
arastirmak i¢in IPOP veritabanindan indirilen gergek verileri kullaniyoruz: Bu yaklasim,
"omik" teknolojileri gibi karmagik verilerdeki nedensel iligkileri bulmak i¢in MR'a alternatif bir
yontem oldugu sonucuna vardik.

Keywords: Mendel randomizasyon, SMUT, lipidomik

1 Giris

Nedensel ¢ikarim yontemleri, hastalik gelisimindeki karmasik mekanizmalar
anlamak ve bunlara miidahale etmenin yollarini belirlemek i¢gin ¢ekici bir yol sunar.
Bir risk faktorii ile hastalik sonucu arasinda gozlemlenen bir iliski, ters nedensellik
veya alternatif bir mekanizma yoluyla ortaya ¢ikabileceginden, mutlaka nedensellik
anlamma gelmez. Nedensel ¢ikarim icin deneysel olmayan geleneksel yaklagimlar,
belirli varsayimlar altinda nedensel iligkileri anlamak igin kullanilabilen ikiz
calismalarini ve uzunlamasma (ing. longitudinal) calismalar1 igerir [1]. Mendel
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randomizasyonu (MR) [2], genel bir popiilasyona uygulanabilen nedensel ¢ikarim igin
deneysel olmayan alternatif bir yaklagimdir. Yaklasim, genetik degisken ile sonug
arasinda yalnizca bir sabit nedensellik yoni oldugu gergegine dayanmaktadir.
Bununla birlikte, MR'nin ana ¢agdas uygulamasi, genetik varyantlarin, genellikle tek
niikleotid polimorfizmlerinin (TNP'ler), belirli kosullarin karsilanmasi kosuluyla
enstriimantal degisken olarak islediginin kabul edildigi analizlerdir. Bununla birlikte,
MR'in sinirlamalari vardir. MR, yalnizca risk faktorii ile giiglii bir sekilde iliskili bir
genetik varyant varsa ise yarar. Nispeten diisiik istatistiksel gilice sahiptir ve bu
nedenle biiyiik bir 6rneklem biiyiikliigii gerektirir. MR ayrica biiyiik dlcekli “omik™
verilerinin analizinde dezavantajlara sahiptir. Bu tiir veriler genellikle birbiriyle
yiiksek oranda iliskili olan bir dizi 6l¢iilmiis 6zelligi icerir ve bunlardan bazilar ayn1
genetik varyantlar ve ayn1 sonug ile iligskilendirilebilir. Bu konuyu ele almak i¢in, MR
baglaminda pleiotropiyi tespit etmeye veya degiskenler arasindaki daha karmagik
iligki aglarmi arastirmaya calisan ¢oklu TNP aracilik kesisim-birlik testi (SMUT)
yaklagimi kullanilmistir [3]. Bu iki yaklasim igin, IPOP veritaban1 verilerini [4]
kullanarak lipidom ile viicut kitle indeksi (VKI) arasindaki olas1 nedensel iliskileri
arastirdik.

2 Yontem

2.1 Mendel randomizasyonu

Mendel randomizasyonu, iki asamali en kiiciik kareler dogrusal regresyon
kullanilarak yapildi [2]. Birinci dogrusal regresyonda, agiklayici degisken(ler) olarak
bir veya daha fazla genetik degisken (ya tek bir TNP, ya da iki TNP) ve yanit
degiskeni olarak varsayilan risk faktorii kullanilnustir. Tkinci dogrusal regresyon,
aciklayici degisken olarak birinci regresyondan her birey igin risk faktoriiniin tahmin
edilen degerlerini ve yanit degiskeni olarak sonucu kullandi. Basitge, R programlama
dilindeki Im() islevini kullanarak, ancak birinci asama regresyonda tahmin edilen
degerlerin belirsizligini hesaba katmadan iki agsamali en kiigiik kareler regresyonu
gerceklestirdik.

2.2 Coklu SNP aracilik kesisim-birlesim testi (SMUT)

SMUT [3] olarak bilinen yakin zamanda onerilen ¢oklu SNP arabuluculuk kesigim-
birlesim testini uyguladik. SMUT, c¢oklu (potansiyel olarak iligkili) genetik
varyantlarin bir ozellik tizerindeki ortak arabuluculuk etkilerini tek bir arabulucu
aracilifiyla test eder ve arabuluculuk igin ancak ¢ok degiskenli bir hipotez testi
olusturur. SMUT, frekansc1 bir yaklagim benimser ve arabulucu etkisini sabit ve goklu
SNP'lerin arabulucu iizerindeki etkilerini rastgele olarak ele alarak bireysel diizeydeki
verilere dayandirir.
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3 Sonug¢

Farkli yaklagimlarin 6zelliklerini ve performansmi arastirmak i¢in MR ile birlikte
yakin zamanda oOnerilen yontemi, yani SMUT yaklasimlarini gercek verilere
uyguladik. IPOP veritabani verilerini [4] kullanarak lipidom ile viicut kitle indeksi
(VKI) arasindaki olast nedensel iliskileri arastirdik. VKI ile onceden iligkisi
gosterilmis kullanilan lipidler, Fosfatidilkolin (ing. Phosphatidylcholine) ailesinden
olan PC.18.2.20.3 ve PC.18.0.20.3 [5] ve VKI ile iliskili PDXDCI genindeki
rs3198697 ve rs7192552, FADS2 genindeki rs968567 kullanilmistir [6]. Veri setine
Mendel rastgelelestirme uygulamasinin sonuglarini gostermektedir. Her iki lipidin,
PC.18.2.20.3 ve PC.18.0.20.3 'min, 0.05 anlamhlik seviyesinde VKI ile nedensel bir
iligkisi oldugu sonucuna varilmigtir (Tablo 1).

Tablo 1. MR analiz sonuglari

Enstriiman Risk Faktor Sonug MR p-value
1s3198697, . 0.0327
157192552 PC.18.2.20.3 VKI

rs7192552 PC.18.0.20.3 VKI 0.0425
rs7192552 VKI PC.18.0.20.3 0.0320
rs3198697, . 0.0498
157192552 VKi PC.18.2.20.3

Ikinci asamada analize karsilastirmak i¢in SMUT yontemi eklenmistir. MR ve SMUT
analizlerinde gercek bir nedensel iliski mevcut oldugunda, iliskiyi tespit etmek icin
yiiksek gii¢ goriiyoruz (Fig. 1.)
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Fig. 1. Tki yontemin 2 lipid i¢in olan performansi (Giig/ tip I hata)

4 Tartisma

Genetik epidemiyolojide nedensel ¢ikarim yontemlerinin kullanimina artan bir ilgi
vardir. Biyoinformatik calismalarinda "omik" verilerinin giderek daha fazla
kullanilabilir hale gelmesiyle, artitk molekiiler diizeyde yeni biyo-belirtecleri ortaya
¢ikarma potansiyeline sahibiz. Bu tiir belirteclerden yararlanmak icin, gézlemlenen
iligkilerin ne Olgiide degiskenler arasindaki nedensel iligkilerden kaynaklandigini
degerlendirmek ¢ok 6nemlidir. Uzun bir siiredir MR, epidemiyolojik ¢alismalardan
tanimlanan varsayilan bir nedensel iliskiyi giliglendirmek icin kullanilan popiiler bir
yaklagim olmustur. Bununla birlikte, geleneksel MR, biiyiik 6lgekli “omik”
verilerinde es zamanli nedensel iliskileri anlamak icin kolayca uygulanamayabilir
ciinkii genellikle bir seferde yalnizca bir neden ve bir sonugla ilgilenir. Burada,
karmagik verilerde nedensel iliskilerin kesfedici analizini gergeklestirmek igin
tamamlayici bir yaklasim olan SMUT analizi 6neriyoruz. Mevcut ¢alismamizin bazi
stnirlamalari vardir. ilk olarak, hem SMUT hem de MR'nin kolayca uygulanabilecegi
nispeten az sayida degisken iceren oldukga basit bir senaryo ele aldik. SMUT un daha
biiyiik, daha karmasik veri setlerinde farkli performans gostermesi miimkiindiir. Bu
nedenle, daha karmasik gercek ve hatta simiile edilmis veriler {izerinde daha fazla
aragtrma yapilmasi gerekmektedir. Bu sinirlamalara ragmen, ¢alismamiz SMUT’u
karmasgik biyolojik veri setlerinde nedensel ¢ikarim yapmak igin ¢ekici bir yaklagim
olarak vurgulamaktadir.
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Abstract. The cytoplasmic tyrosine structure patterns presented on immune re-
ceptor signaling proteins that activate, inhibit, and stimulate the immune system
in depending on the cell type and particular conditions come in three different
forms[1]. The immunoreceptor tyrosine-based inhibition motif (ITIM) has been
identified in the intracytoplasmic domain of FcgRIIB and shows wide tissue
distribution. ITIMs are the consensus sequence I/V/LxYxxL/V (V:Valine,
Y:Tyrosine) with a tyrosine followed by a hydrophobic residue (I, V, or L) at
the Y+3 position, followed by a less conserved hydrophobic residue at the Y-2
position. , L: Leucine, I: Isoleucine, x: Any amino acid). The immunoreceptor
tyrosine-based activation motif (ITAM) is found in multisubunit T-cell recep-
tors (TCRs), B-cell receptors (BCRs), and Fc receptors (FcRs) [2]. ITAMs con-
tain 2 copies of the YxxL/I sequence with six to eight residues among them [3].
The immunoreceptor tyrosine-based switch motif (ITSM) has been identified in
the intracellular domain of the CD150 receptor, TxYxxL/V (T: Threonine). In
most receptors, ITIMs and ITSMs are repeated after a weakly conserved se-
quence of about 15 to 30 amino acids between motifs [4]. Also, It is known that
some viruses contain ITAM motifs, which are of great importance in intracellu-
lar signaling [5]. In this study, 3 motifs were screened on the human proteome.
First of all, studies should be conducted on candidate proteins that may affect
the signalization in the immune system for immune system-restricted motifs.
The study is expected to be instructive in generating datasets in classification-
based approaches, especially in personalized cancer immunotherapy.

Keywords: ITIM, ITAM, ITSM, Immunoteraphy, Machine Learning,
ImmunoReceptor Tyrosine Based Motifs

1. Giris

Hiicre tipine ve 6zel kosullara bagh olarak bagisiklik sistemini aktive eden,
inhibe eden ve uyaran immiin reseptdr sinyal proteinleri {izerinde sunulan
sitoplazmik tirozin yapi desenleri, immiinoreseptor tirozin bazli inhibisyon
motifleri, immiinoreseptdr tirozin bazli aktivasyon motifleri ve
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immiinoreseptor tirozin bazli anahtar motifleri olmak iizere ti¢ farkli sekilde
karsimiza g¢ikmaktadir. Bu g¢aligmada insan proteomu iizerinde 3 motif
taranmustir. Oncelikle bagisiklik sisteminde gorev alan proteinler iizerinde
tarama islemi gergeklestirilmistir. Caligmanin  &zellikle kisisellestirilmis
kanser immiinoterapisinde, simflandirma tabanli yaklasimlarda veri
kiimelerinin olusturulmasinda yol gosterici olmasi beklenmektedir.

Materyal Metod

ITIM, ITAM, ITSM motifleri genome.jp [6] aract ilizerinden PROSITE
formattaki pattern bilgisi regular expressionlar kullanilarak gerceklestirilmistir.
Motif tarama islemi i¢in genome.jp adresi iizerinden GenBank, UniProt, RefSeq
and PDBSTR datasetleri segilerek kullanilmustir.Elde edilen sonuglardan
UniProt numaralart python 3.7.11 siirimii kullanilarak hazirlanmis olan
fonksiyon ile

filtrelenmistir. Elde edilen UniProt numarasi UniProtGOA veritabanlarini
“2019_10”stirtimii kullanilarak elde edilmistir. Bylece insan proteinlerinde
ITIM, ITAM, ITSM patterni igeren proteinler belirlenmistir. Ardindan
TCGABiolinks [7] paketi kullanilarak TCGA-LUAD (The Cancer Genome At-
las Lung Adenocarcinoma) verisi indirilmistir. Ekspresyon analizi esnasinda,
sekanslama platformu olarak Illumina HiSeq, deneysel yontem olarak da RNA-
Seq kullanilan veri seti tercih edilmistir. Differential gene expression analiz
asamasinda kullanilan metot “gImLRT”dir. Gen ekspression farkliligin
belirleyebilmek icin bazi istatistiksel yontemler kullanilir. General Linear Mod-
el (GLM) bunlardan biridir. Bu model, okuma sayilarini (read count) negatif bi-
nomial dagilima uydurur [8] ve ANOVA tarzi testleri uygular [9]. Bu ¢aligmada
kullandigimiz  “glmLRT” metodu, genellestirilmis lineer model (GLM)
kullanarak, timorlii ve normal doku arasindaki ekspresyon farkliligini ortaya
koymak i¢in gruplar arasi farklilik olup olmadigim kontrol eder. Bu asamada
verinin dagilim modeli GLM ile olusturulduktan sonra log-olabilirlik orani ile
hipotez testi gergeklestirilmekte ve istatistiksel anlamlilik hesaplanmaktadir. Bu
asamada ayrica ¢oklu-test diizeltmesi kullanilarak FDR degeri hesaplanir. Farkli
eksprese edilen genlerin belirlenmesi i¢cin FDR esik degeri 0.01 ve log fold-
change (logFC) esik degeri 2.0 olarak kullanilmustir. Analiz sonucunda elde
edilen veri seti toplamda 1482 genden olusmaktadir ve her bir gen igin,
Entrez ID, logFC degeri, FDR degeri, tiimorlii ve normal doku ekspresyon
seviyeleri ve delta degerini (Condltype ve Cond2type olarak isimlendirilen iki
farkli grubun ekspresyon seviyeleri arasindaki farkin logFC ile garpilmasiyla
elde edilen deger) igermektedir. Farkli eksprese edilen Entrez ID’ler
kullanilarak, https://www.uniprot.org/uploadlists/  tizerinden =~ UniProt ID
karsiliklarn de elde edilmis ve veri setine dahil edilmistir. Sonug olarak, 1481
genden 1447 tanesinin UniProt ID’sine ulagilmistir. Bu genlerin 334 tanesinin
diisiik, geri kalan 1113 tanesinin de yiilksek eksprese oldugu belirlenmistir.
ITIM, ITAM, ITSM motifleri elde edilen protein listelerinde taranmustir.
Ardindan immun system hiicrelerine ait protein bilgisi The Human Protein At-
las tizerinden “immune cell” filtrelemesi yapilarak indirilmistir. Elde edilen
sonuglardan UniProt protein numaralari alinarak ITIM, ITAM, ITSM igeren
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protein listesi ile kesigim alinmistir. Bu yapilan c¢aligmada insan immune
hiicreleri,akciger ~ adenokarsinomunda farkli seviyede  eksprese edilen
proteinler ve literatirde immune kagis proteini oldugu bilinen proteinler
iizerinde Tmmiinoreseptdr tirozin bazli inhibitér motif, Immiinoreseptér tirozin
bazli aktivasyon motifi, immiinoreseptor tirozin bazli degistirme motifine ait
pattern tarama yapilmistir. Tlgili patternleri igeren proteinlerin immune sistem
Immiinoreseptdr tirozin bazli aktivasyon motif islevi goriip gormediginin con-
trol edilmesi ilgili mekanizmalarin incelenmesi 6nemlidir. Bununla birlikte
yapilan ¢aligmanin kisisellestirilmis kanser immiinoterapisi basta olmak iizere
immiin kagis mekanizmalarinin incelenmesinde dikkat gekici bir unsur olarak
karsimiza ¢ikmaktadir.

Sonug¢

ITIM, ITAM, ITSM motiflerinin 6nemi dikkate alindiginda bu motifleri iceren
proteinlerin immiin kagis mekanizmalar1 ve immiinoterapi c¢aligmalarinda
dikkate alinmasi gereken bir pattern oldugunu gostermektedir. Bu baglamda
immiin system hiicrelerine ait proteinlerde ve literatiirde immiin kacis
mekanizmasinda gorev aldig1 bilinen proteinlerde Akciger Adenokarsinomunda
degismis sevide ekprese edilen proteinlerin, ITIM, ITAM, ITSM motif pattern
kaliplar1  taranmugtir.  Yapilan taramanm  istatistiksel ~anlamliligi  ve
kullanilabilirligi agisindan daha genis ve literatiir desteginin arttirilarak
yapilmasi gerektigini gosterir sonuglara ulagilmigtir. Ornegin; bilinen immune
kagis proteinleri igerisinde bes adet baskilayictf(ITIM) ve iki adet
diizenleyici(ITSM) proteinde ilgili motiflerin gdzlemlenmesi, motiflerin kesfe
yonelik cazip bir arastirma konusu oldugunu diisiindiirmektedir.

Tablol. Immiin sistem hiicrelerine ait ITIM, ITAM, ITSM motif patternini
iceren protein sayilari

Insan Proteinleri (N) Immiin sistem hiicreleri Immun
N=1016 Kagis
Proteinleri
N=29
ITAM motif patterni sayist (573) 32 1
ITIM motif patterni sayisi (4514) 229 5
ITSM motif patterni sayist (1606) 83 2

Tablo 2. Akciger adenokarsinomunda farkli seviyede ekprese edilen
proteinlerden ITIM, ITAM, ITSM motif patterni igeren protein sayilar
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[nsanProteinleri Protein Ekspresyon Asagi Regiile Edilmis Yukar1 Regiile

N) Seviyeleri Degismis Proteinler Edilmis Proteinler
Proteinler N=1447 N=334 N=1113

ITAM motif 42 7 35

patterni sayisi

(573)

ITIM motif 338 77 261

pat terni sayist

(4514)

ITSM motif 141 32 109

patterni sayisi

(1606)
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Ozet. Bitki bilesikleri cesitli hastaliklarin tedavisinde ve ilaglarm ham mad-
desinde kullanilmaktadir. Bu ¢aliymadaki amag Diospyros Kaki’nin (Persim-
mon-Trabzon Hurmasi) fitokimyasallarinin ilag aday1 olmaya uygunlugunun 6n
degerlendirilmesinin arastirilmasidir. Bu kapsamda oncelikle Trabzon hur-
masiin (Diospyros kaki), alanyazinda iliskilendirildigi hastaliklar (29 tane)
DLADAU (Disease List Automatically Derived For You) ag sayfas kullanilarak
belirlenmistir. Daha sonra Trabzon hurmasina ait bilesikler/fitokimsayallar (97
tane) alanyazin taramasi sonucunda belirlenmistir. Belirlenen fitokimyasallarin
ilag aday1 olmaya uygunlugu ve klinik deneylere tagmabilir olmasinin 6n deger-
lendirilmesi, swissADME yazilim: kullanilarak  belirlenmistir.  Analiz
sonuglarinin degerlendirilmesinde molekiillerin fizikokimyasal, farmakokinetik
ve ilag benzerligi ozellikleri dikkate alinmistir. Analiz sonucuna goére 25 tane
bilesigin ila¢ aday1 olmaya uygun olabilecegi diisiiniilmektedir. Bu 25 bilesigin,
bitkinin iligkili oldugu hastaliklardan hedef/ler belirlenerek kenetlenme analizi
yapilabilir ve analiz sonuglarina gére uygun bilesik/lerin daha ileri ¢aligmalara
(in vitro, in vivo) tasiabilir oldugu diisiiniilmektedir.

Anahtar Sozciikler: Diospyros Kaki, DLAD4U, PubChem, swissADME,
Biyoenformatik.

Abstract. Plant compounds are used in the treatment of various diseases and
raw materials of drugs. The aim of this study is to investigate the preliminary
evaluation of the suitability of the phytochemicals of Diospyros Kaki (Persim-
mon) as a drug candidate. In this context, first of all, diseases (29 grains) asso-
ciated with persimmon (Diospyros kaki) in the literature, were determined with
the help of DLAD4U (Disease List Automatically Derived For You). As a re-
sult of the literature review, the compounds/phytochemicals (97 grains) of per-
simmon were determined. The suitability of the determined phytochemicals to
be drug candidates and their portability to clinical trials were pre-evaluated us-
ing swissADME software. In the evaluation of the analysis results, the physico-
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chemical, pharmacokinetic and drug similarity properties of the molecules were
taken into account. According to the results of the analysis, it is thought that 25
compounds may be suitable for drug candidates. Molecular docking analysis
can be done by determining the target/s of these 25 compounds from the diseas-
es associated with the plant, and it is thought that the appropriate com-
pound/compounds can be carried to further studies (in vivo, in vitro) according
to the analysis results.

Keywords: Diospyros Kaki, DLAD4U, PubChem, swissADME, Bioinformat-
ics.

1 Giris

Bitkiler gegmisten giliniimiize kadar toplumlarda sadece besin kaynagi olarak degil
ayn1 zamanda tedavi edici arag olarak da kullanilmistir (1). Trabzon hurmasi (Diospy-
ros kaki) uzun zamandir ve yaygin geleneksel bir ilag olarak basta Cin olmak iizere
farkli tilkelerde sifali bir bitki olarak kullanilmaktadir (2). Bitkinin degisik kisimlar1
(kok, yaprak, govde vb.) gesitli hastaliklarin tedavisinde kullanilmaktadir. Ornegin;
kardiyovaskiiler, bakteriyel ve inflamatuar hastaliklarin tedavisinde Diospyros ka-
ki’nin kullanildigi bilinmektedir (2) (3).

ADME/T (absorpsiyon, dagilim, metabolizma, eliminasyon ve toksisite) analizleri,
bilesiklerin ila¢ adayr benzerligini ve farmakokinetiginin degerlendirilmesinde
kullanilmaktadir (4) (5). Bu analizin amaci, in vitro veya in vivo ADMET deneyle-
rinin genel sayisim1 azaltmak degil, klinik arastirmalarda en optimal bilesikler
iizerinde odaklamay1 saglamaktir (6). Boylece klinik arastirmalarda basarisizlik orani
azaltilmakta, maliyet oranlar1 diisiiriilmekte ve zamandan tasarruf saglamaktadir.
ADMET analizi i¢in kullanilan online araglar, in siliko ila¢ benzerligi ¢alismalarinin
on adimin1 kolaylastirmaktadir (7).

Bitki iizerinde iyi tasarlanmig klinik ¢alismalarin sinirli olmasi nedeniyle insan sagligi
iizerindeki yararli sonuglar1 tam olarak aydinlatilamamustir (2). Bitki-hastalik iligkileri
belirlenerek insan sagligi tizerindeki etkilerinin arastirilmasi bilimsel bir ihtiyag
olarak goriilmektedir. Oncelikle bitkinin iliskili oldugu hastaliklar belirlenerek, bitki
bilesiklerin insan sagligi iizerindeki etkisi in siliko olarak kenetlenme analizi
kullanilarak degerlendiribilir. Daha sonra kenetlenme analizi sonucunda uygun
etkilesime sahip bitki bilesikleri yeni ila¢ aday1 olarak Onerilmektedir. Bu c¢aligma
kapsaminda bitki ile iligkili hastaliklar belirlenmis ve belirlenen hastaliklara 6zgii
kullanilabilecek aday bilesikler onerilmistir. Fakat bu c¢aligma kapsaminda onerilen
bilesikler herhangi bir hedef ile ligand arasinda molekiiler kenetlenme etkilesimi
arastirilmadan, molekiillerin basit fizikokimyasal, farmakokinetik ve ilag benzerligi
ozellikleri dikkate alinarak molekiiler kenetlenme analizinde kullanilabilecek ve ilag
adayr olmaya uygun bilesikler sunulmustur. Sunulan bilesiklerin, bitkinin iligkili
oldugu hastaliklardan hedef/ler secilerek hedefe 6zgii kenetlenme analizinin yapila-
bilir olmasi ve analiz sonuglarina gore de in vivo ve in vitro deneylere taginabilir
oldugu diigiiniilmekte ve tavsiye edilmektedir. Ayrica bu galismada bilesikler
kenetlenme analizine tabi tutulmadan, kenetlenme analizi Oncesinde swissADME
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analizi yapilarak uygun olabilecek bilesiklerin segilebilir oldugunu énermektedir. Bir
baska ifade ile alanyazindan belirlenen bilesiklerin kenetlenme analizini yapilmadan
once swissADME analizi yapilarak belirlenen kriterlere gore uygun olabilecek bilesi-
kler onerilerek, sonrasinda kenetlenme analizi yapilacagini 6nermektedir.

2 Materyal & Metot

Bitkiye ait bilesikler alanyazin taramasi sonucunda belirlenmistir. Trabzon hur-
masinin iliskili oldugu hastaliklar DLAD4U (http://dlad4u.zhang-lab.org/index.php )
yardimiyla belirlenmistir. PubChem (https://pubchem.ncbi.nlm.nih.gov/) ag sayfasin-
da kullanirak bitki bilesiklerinin PubChem CID ve kanonik SMILES (Simplified Mo-
lecular Input Line Entry System - Basitlestirilmis Molekiiler Giris Hatt1 Giris Sis-
temi)) formatlari temin edilmistir. Belirlenen bilesiklerin basit fizikokimyasal, farma-
kokinetik ve ilag benzerligi ozellikleri swissADME
(http://www.swissadme.ch/index.php) arac1 kullanilarak degerlendirilmistir.

2.1  Diospyros Kaki’nin Hastahklar ile iliskisinin Belirlenmesi

Cennet hurmast olarak da bilinen Diospyros Kaki’nin hastaliklar ile iligkisinin metin
madenciligi analizi DLAD4U ag sayfasi kullanilarak yapilmistir. Bu ag sayfasi, Pub-
Med alanyazinina dayanan bitki ile hastaliklarn iligkilendirilmesinde kullanilan has-
talik arama araci olarak bilinmektedir (8). Bitki ile hastaliklarin iligkilendirilmesinde
bu ag sayfasi kullanilmustir.

Tablo 1. Diospyros kaki’nin iligkili oldugu hastaliklar

No Hastalik ismi Score No Hastalik ismi Score

1 Food Hypersensitivity 8.6837 16  Leukemia, Lymphoid 2.4290

Diabetes Mellitus, 2.4024
’ 1144 R jon Inji
2 Type 2 6 17 eperfusion Injury
Stri - 2.

3 Gas‘trl.c Outlet Ob 3.6327 18  Hypercholesterolemia 3785
struction

4 Bezoars 3.4348 19  Hyperlipidemias 2.3562

5  Snake Bites 3.1612 20  Neuroblastoma 2.3503

6  Angioedema 3.1026 21 Hemolysis 2.3458

7  Exanthema 3.0471 22 Hypersensitivity 2.1998

8 Infarction, Middle 2.9249 23 Brain Ischemia 2.1409
Cerebral Artery

9 Letfkemta, Promyelo- 29240 24 Seizures 2.1092
cytic, Acute

10 Pobyploidy 28807 25 C.'hromosome Aberra- 1.9905

tions
11 Retinal Degeneration 2.8342 26  Occupational Diseas- 1.8970
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es

12 Pruritus 2.7901 27 Inflammation 1.7277
13 Anaphylaxis 2.5198 28  Body Weight 1.5703
id Hem- 1.5114
14 Subarachnoid Hem 2.5010 29  Hypertension >
orrhage
15 Ischenjuc Attack, 2 4756
Transient

Trabzon hurmasinin iliskili oldugu hastaliklar igerisinde en yiiksek skor ile “Food
Hypersensitivity (8.6837)” ile en diigiik skor ile “Hypertension (1.5114)” ile iligkili
oldugu goriilmektedir. Bu hastaliklarin yaninda insan yasamini olumsuz yonde etki-
leyen “Diabetes Mellitus, Type 27, “Leukemia, Promyelocytic, Acute”, “Polyploidy”,
“Hypercholesterolemia”, “Body Weight” vb. hastaliklar ile de iliskili oldugu
goriillmektedir. insan yasamini olumsuz yonde etkileyen bu hastaliklarin tedavisinde
tercih edildigi i¢in Trabzon hurmasmin 6nemli oldugu diisiiniilmektedir. Caligmada
onerilen bilesikler tabloda (Tablo 1) verilen hastaliklarin hedef/leri ile 6nce kenetlen-
me analizine tabi tutularak etkilesimleri incelenebilir ve daha sonra analiz sonucuna
gore bilesik/lerin in vivo ve in vitro deneylere tagmabilir oldugu disiintilmektedir.

2.2 Bitki Bilesiklerinin Belirlenmesi

Diospyros kaki’nin bilesikleri (fitokimyasallart) alanyazin taramasi yapilarak belir-
lenmigtir (Tablo 2) (2) (9) (10) (11).
Table 2. Bitkiye ait belirlenen fitokimsayallar

Bilesik ismi _ Bilesik ismi Bilesik ismi Bilesik ismi Bilesik ismi Bilesik ismi

190, 24- Kaempferol-3-

i Isoquercetin B-D- Myricitrin Caffeic Acid a-carotene
Dihydroxy ) affeic Aci (alpha-carotene)
Ursolic xylopyranoside
190~ gaelqupefrol-& gagrrlljpfetol-} M])srieetin-.’)-o-

--L- -B-D- a-D- . . .
Hydroxyur- 3 pabinopyra- galactopyra- glucopyra- Astaxanthin Oleic Acid
solie acid noside noside noside
3'-glycosyl Kaempferol Lupeol Ferulic acid Antheraxanthin Linoleic Acid
Kaempferol-3- Kaempferol-3-
. 0-2"-0- ) o ) 0-0-L-
Betulic acid galloyl)-B-D- Lutein Palmitic acid Neolutein rhamnopyra-
glucopyranoside noside
Kaempferol-3- Kaempfetol-3-
. O-a-L- L . O-p-D-
Betulinic acid thamnopyra- Lycopene Gallic Acid Cryptoxanthins galactopyra-
noside noside
Kaempferol- Quereetin-3-O-
3-B-D- . . . - Naphthoqui- B-D-
xylopyra- Diospyrin Stigmasterol Cerotic acid nones galactopyra-
noside noside
3-Bromo- . . . . . . L Quereetin-3-O-
plumbagin Isodiospyrin Scopoletin Linolenic Acid  Oleanolic acid B-D-galactoside
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(Hyperin)

3-methoxy-7- Quereetin-3-O-
methyl- Neodiospyrin Myristic acid Chrysontemin ~ Pomolic acid B-D-
uglone glucopyranoside

Kaempferol-3- Quereetin-3-O-

: 0-(2"-0-
Martinone Procatechuic Stearic acid galloyl-B-d- Proanthocya-  p-L-
acid nidin arabinopyra-
glucopyra- noside
noside)
Quercetin-3-O-
, 10- (2"-O-galloyl-
§-hydroxy- Campesterol octadecenoic B-d- Quercetin Rutin
isodiospyrin .
acid glucopyra-
noside)
B-Cryptoxanthin .
Ursolic acid ~ (Beta- Annulatin 40-dihydroxy-a- Mamegakinone Pyromucic acid
. truxillic acid
Cryptoxanthin)
Uvasol Uvaol Trifolin Tatarine C 7-Methyl- Syringic acid
uglone
Kaempferol-3-
0-(2"-0- Hvdroxvb
. . . L ydroxybenzo-
Zeaxanthin Hyperin Astragalin galloyl)-B-D- Succinic acid ic acid
glucopyra-
noside
Myrieetin-3-O-
a-Amyrin .
(Alpha- p-coumaric Kakispyrone o-D- Benzoic acid iré(iigleacetlc
Amyrin) glucopyra-
noside
B-carotene gﬁ? pefrol-3-
(Beta- Myricetin Kaki Saponin . Salicylic [-sitosterol
arabinopyra-
Carotene) .
noside
6-7- Colorless
hydroxyl-7- . . - delphinium o
hydroxy Shibuol Hyperoside Trifolin meal-3- Isoquercitrin
coumarin glycosidase
Gerberinol

2.3 SwissADME analizi

SwissADME araci, bir veya daha fazla bilesigin temel fizikokimyasal, farmakokinet-
ik, ila¢ benzeri ve iliskili 6zelliklerinin hesaplanmasma kullanilmaktadir (12). Bu
¢alisma kapsaminda molekiillerin basit fizikokimyasal, farmakokinetik ve ilag ben-
zerligi Ozellikleri swissADME araci kullanilarak belirlenmistir. Analiz sonuglarinin
degerlendirilmesinde esas olarak basit fizikokimyasal 6zellikleri, farmakokinetik ve
ilag benzerligi oOzellikleri kullanilmistir. Bunlarin yaninda boiled egg grafigi,
biyoyararlanim radar1 da incelenmistir. swissADME ig¢in ihtiya¢ duyulan SMILES
formatlart PubChem ag sayfasindan temin edilmistir (13)(14). Tablo 2’de yer alan
bilesiklerden PubChem ag sayfasinda SMILES bilgilerine ulasilan molekiiller ile
swissADME analizi gergeklestirilmistir.
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2.4  SwissADME Analiz Sonuclari

Analiz sonuglarinin degerlendirilmesinde molekiillerin basit fizikokimyasal, farma-
kokinetik ve ila¢ benzerligi 6zellikleri dikkate alinmistir. swissADME aragstirmacilara
molekiillerin hizlica degerlendirilmesine izin veren boiled egg grafigi (Sekil 1) ve her
bir molekiile ait biyoyararlanim radar1 (Sekil 2) sunmaktadir. Boiled egg grafigi
(Sekil 1), molekiillerin beyinde veya bagirsaklarda ilag gegirgenligini incelemek igin
ilk bakis1 saglamaktadir. Biyoyararlanim radar1 (Sekil 2) ise bir molekiiliin ilaca ben-
zerligine ilk bakisini saglamaktadir (15) ve 6 fizikokimsayal 6zelligi gore uygun aday
bilesikleri sunmaktadir. Sekil 1 ve Sekil 2 molekiillerin hizlica degerlendirilmesinde
kullanilmistir.

WLOGP %%"n Actions
r
* r%l 0 q g Show Molecules Name
Uvaol
i ) Legends
10-08) acid Pomolic acid
Linolegy Acid BBB
& HIA
Mynsa: acid o PGP+
O PGP—
Gerberin Remarks
l‘j 18 molecules out of range!
o
2 Kaempferol o 0
o Quercetmulatin
olndolea&enqyu Myncetin
Benzoic acid acigp
PSR St Xt
Galh? Acid
o
Succinic acid o
o
Uvasol
o

Sekil 1. Boiled egg grafigi

Boiled egg, beyinde veya bagirsaklarda ilag gecirgenligini incelemek igin gelistirilmis
bir grafik yontemdir. Bu grafigine gore iyi emilim gosteren molekiillerin en yogun
olarak bulundugu alan eliptik bolge igerisidir (15). Boiled egg grafigine gére 28 tane
(17 Beyaz, 11 Sar1) molekiiliin iyi emilime sahip eliptik bolge icerisinde yer aldigi
goriilmektedir (Sekil 1). “Uvasol”, “gerberinol”, “kaempferol”, “diospyrin”, “iso-
diospyrin”, “neodiospyrin”, “stearic acid”, “l0-octadecenoic acid”, “annulatin”,

e » e »

“gallic acid”, “caffeic acid”, “quercetin”, “mamegakinone”, “succinic acid”, “oleic
acid”, “syringic acid” ve “pomolic acid” molekiilleri bagirsak emilimin iyi oldugu
beyaz eliptik bolge icerisinde yer alan molekiillerdir. Bu alan icerisinde yer alan ve
kirmizi renkli (PGP-) molekiillerin BBB niifuz edemedigi, gastrointestinal sistemden

ise emildigi diisiiniilmektedir (17). Sar1 eliptik alan icerisinde yer alan ve kan beyin
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bariyerini gegen molekiiller ise “Ferulic acid”, “Linoleic acid”, “Palmitic acid”,
“Benzoic acid”, “Salicylic”, “Pyromucic acid”, “Indoleacetic acid”, “Scopoletin”,
“Myristic acid”, “Linolenic acid”, “Hydroxybenzoic acid” seklindedir. Secilen has-
talikta ila¢ kan beyin bariyerini (BBI) gecmesi sorun teskil ediyor ise sar1 alan igeris-
inde yer alan molekiillerin segilmemesi (8rnegin; Myristic acid, Ferulic acid vd. )
onerilmektedir. Beyaz alan igerisinde yer alan 17 tane molekiiliin ise ince bagirsak
emiliminin (HIA- Human Intestinal Absorption-insan Bagirsak Emilimi)) mevcut
oldugu goriilmektedir. Gri alanda yer alan molekiiller (10 molekiil) diigiikk emilim ve
sinirl beyin niifuzu sahiptir. 18 tane molekill WLOGP (lipofilikligin karsilagtiril-
masinda kullanilan parametre) ve TPSA (Topological Polar Surface Area — Topolojik
Polar Yiizey Alani) i¢in tanimlanan siirlarin diginda yer almistir.

]
Uvasol Succinic acid

Betulic acid Ursolic acid Kaempferol

Sekil 2. Bazi molekiillere ait biyoyararlanim radari

Ozellikle fizikokimyasal tammlayicilar1 entegre eden biyoyararlamm radari, bir
molekiiliin ilaca benzerliginin gorsellestirmesini ve ilk bakisini saglamaktadir [13].
Bu radara gore 2 tane molekiil (“Uvasol”, Succinic acid ) radarin igerisinde yer aldig1
(Sekil 2.a) fakat diger molekiillerin radar disina sapmalar (INSOLU (¢ozlinmezlik),
LIPO (lipofiliklik), POLAR (polarite), INSATU (doygunluk), FLEX (esneklik), SIZE
(molekiiler agirlik)) yaptig1 goriilmektedir (Sekil 2.b).

Fizikokimyasal parametreler; molekiiler formiil, molekiiler agirlik (MW-Molecular
Weight (g/mol)), agir atomlar, donebilen bag sayist (RB-No. of rotational bonds),
hidrojen bag alicilar1 (HBA-Hydrogen bond acceptor), hidrojen bag vericileri (HBD-
Hydrogen bond donor) vb. dzellikler dikkate alinarak degerlendirilir. flaca benzerlik;
Biyo kullanilabilirlik (Bio availability), Lipinski, Ghose, Veber, Egan ve Muegge
kurallar1 gibi farkli filtreler uygulanarak degerlendirilmektedir. ilag benzerligi, bir
kimyasalin klinik denemelere girme ve gegme sansini artirmak icin ilag kesfinin ilk
asamalarinda faydali kilavuzlar saglamaktadir (16). Farmakokinetik 6zellikler ise
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gastrointestinal emilimi, kan beyin bariyeri gegirgenligi, p-glikoprotein substrati, deri

gecirgenligi (Log Kp) vb. 6zellikler dikkate alinarak degerlendirilir.

Caligmalarda sadece biyoyararlamim ve boiled-egg grafikleri temel alinarak uygun
molekiillerin Onerilmesinde yeterli olmadig1 disiiniilmektedir. Bu nedenle swis-
SADME analiz sonuglarinin degerlendirilmesinde molekiillerin basit fizikokimyasal,
farmakokinetik ve ilag benzerligi o6zellikleri birlikte dikkate alinmistir (Tablo 3).
Asagida tabloda verilen molekiiller, lipofiliklik (logP (0,7-+5)), molekiiler agirlik
(MW (150- 500 g/mol), donebilen bag sayisi (RB (0-10)), Hidrojen bagt alicilart
sayillar (HBA (<10)), Hidrojen bagi verici sayilar (HBD (<5)), doymamuslik
fraksiyonu (Csp3 (<1)), insan bagirsak emilimi (HIA), kan beyin bariyeri (BBB), P-
glikoprotein, biyoyararlanim skoru (Bio skouru) o6zellikleri dikkate alinarak belir-
lenmistir.

Tablo 3. Molekiillere ait baz1 fizikokimyasal, farmakokinetik ve ilag benzerligi 6zellikleri

PubChem Pgp Bio
D Molekiil ismi MW RB HBA HBD Csp3 LOGP HIA BBB P - Lipinski Ghose
370 Gallic Acid 170,12 1 5 4 0 -0,16  High  No No 0,56 0 2
99298 Isodiospyrin 374,34 1 6 2 0,09 062 High No No 0,55 0 0
44259709  Annulatin 332,26 2 8 5 0,06 -0,83 Low No No 0,55 0 0
308140 Diospyrin 37434 1 6 2 0,09 062 High No No 0,55 0 0
16072922 Neodiospyrin 374,34 1 6 2 009 062 High No No 0,55 0 0
Mamegaki-
167673 37434 1 6 2 0,09 062 High No No 0,55 0 0
none
10742 Syringicacid 198,17 3 5 2 022 049 High No No 0,56 0 0
54714260 Gerberinol 36435 2 6 2 0,14 2,49 High No No 0,55 0 0
689043 Caffeic Acid 180,16 2 4 3 0 0,7 High  No No 0,56 0 0
5280863 Kaempferol 286,24 1 6 4 0 -0,03 High No No 0,55 0 0
440936 Uvasol 272,25 3 7 5 0,5 -1,49  High No No 0,55 0 1
382831 Pomolicacid ~ 472,7 1 4 3 0,9 4,97 High No Yes 0,56 1 3
5280343 Quercetin 302,24 1 7 5 0 -0,56 High No No 0,55 0 0
Indoleacetic
802 - 175,18 2 2 2 0,1 1,11 High  Yes No 0,85 0 0
64971 Betulic acid 456,7 2 3 2 0,9 5,82 Low No No 0,85 1 3
259846 Lupeol 426,72 1 1 1 093 692 Low No No 0,55 1 3
64945 Ursolic acid 456,7 1 3 2 0,9 5,82 Low No No 0,85 1 3
92802 Uvaol 442,72 1 2 2 0,93 6 Low No No 0,55 1 8
73170 a-Amyrin 426,72 0 1 1 093 692 Low No No 0,55 1 3
Oleanolic
10494 -~ 456,7 1 3 2 0,9 5,82 Low No No 0,85 1 8
445858 Ferulic acid 194,18 3 4 2 0,1 1 High  Yes No 0,85 0 0
173183 Campesterol 400,68 5} 1 1 0,93 6,54 Low No No 0,55 1 2
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5280794 Stigmasterol 412,69 5} 1 1 0,86 6,62 Low No No 0,55 1 3
5280460  Scopoletin 192,17 1 4 1 0,1 0,76 High Yes No 0,55 0 0

521199 B-sitosterol 456.74 8 2 0 0.9 6.89 Low No No 0.55 1 3

Yukarida ifade edilen ozellikler dikkate alindiginda analize tabi tutulan molekiillerin
25 tanesinin ilag aday1 olmaya uygun olabilecegi diisiiniilmektedir (Tablo 3). Ayrica
tablo 3 incelendiginde boiled egg gorselinde (Sekil 1) beyaz eliptik bdlge icerisinde
yer alan “gallic acid”, “isodiospyrin”, “annulatin”, “diospyrin”, “neodiospyrin”,
“mamegakinone”, “syringic acid”, “gerberinol”, “caffeic acid”, “kaempferol”, “uva-
sol”, “pomolic acid” ve “quercetin”, bu molekiiller tablo 3’te istenilen kriterleri
sagladig1 goriilmektedir. Ancak boiled egg grafinde yer alan “stearic acid”, “10-
octadecenoic acid”, “succinic acid”, “oleic acid” bu dort molekiil bakilan kriterlerin
disinda kaldig1 goriilmektedir. Bu molekiillerden “stearic acid”, “10-octadecenoic
acid” ve “oleic acid” i¢gin tanimlanan donebilen bag sayis1 10°dan biiyiiktiir. “Succinic
acid” de ise molekiiler agirligi 150 g/mol’den kiigiiktiir. Aragtirmanin hassasiyetine
aragtirmact bu molekiilleri de segebilir. Yine tablo 3 incelendiginde boiled egg
grafiginde (Sekil 1) sar1 eliptik bolge igerisinde yer alan ve tabloda sari vurgu ile
gosterilen molekiiller “Ferulic acid”, “Linoleic acid”, “Palmitic acid”, “Benzoic
acid”, “Salicylic”, “Pyromucic acid”, “Indoleacetic acid”, “Scopoletin”, “Myristic
acid”, “Linolenic acid”, “Hydroxybenzoic acid” molekiillerininin basit fizikokim-
sayal ozellikleri sagladig: goriilmektedir. Ayrica bu molekiillerin ¢ogunlugunun HIA
emiliminin yiiksek oldugu goriilmektedir. Ancak bu molekiillerin BBB nufiiz edebild-
igi de oldugu da goriilmektedir. Bu ¢okta istenilen bir durum degildir. Tabloda (Tablo
3) yer alan molekiillerin basit fizikokimyasal, farmakokinetik ve ilag benzerligi 6zel-
likleri bakimindan uygun olabilecegi diisiiniilmektedir. Burada yer alan molekiillerin
biiyiik bir c¢ogunlugunun bagirsaklarda ilag gegirgenliginin yiiksek oldugu
goriilmektedir. Kan beyin bariyeri gegirgenligi 6zelligine sahip ii¢ molekiil (BBB —
“yes”) tammlanmigtir (Tablo 3). Molekiiliin biyolojik zarlardan aktif disari akis
yetenegi, P-glikoprotein olarak tahmin edilmektedir (12). Bir tane molekiiliin (Pom-
olic acid) (mavi nokta- PGP-), P-glikoprotein tarafindan merkezi sinir sisteminden
digar1 aktigi tahmin edilen molekiil olarak ifade edilmektedir. Kirmizi noktalar
(PGP+), bunun tam tersini icermektedir. SwissADME analizine dayali P-glikoprotein
substratlar1 olmamalar1 nedeniyle ¢oklu ilaca direngli timoérler ile iligkili olmaya-
bilirler. Burada kullanilan ¢oklu tahminler ve grafiksel sonuglar, arasgtirmacilarin daha
ileri ¢aligmalar i¢in en iyi aday1 belirleme konusunda fikir birligine saglamalarini
yardimci olmaktadir.

3 Sonu¢

Bu calismada Trabzon hurmasimin iliskili oldugu hastaliklar (Tablo 1) ve bitkiye ait
bilesikler (97 tane) belirlenmistir. Belirlenen bilesiklerin PubChem CID ve Kanonik
SMILES’larina sahip bilesikler (56) swissADME analiz yontemi ile analiz edilmistir.
Analiz sonuclar basit fizikokimyasal, farmakokinetik ve ila¢ benzerligi 6zellikleri
dikkate alarak 25 tane bilesigin uygun aday olabilecegini onermektedir. Belirlenen
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bitki bilesiklerinin iligkili oldugu hastaliklar {izerindeki etkisi kenetlenme analizi
kullanilarak analiz edilip yorumlanabilir. Bu ¢alisma kapsaminda kenetlenme analiz-
ine dahil edilebilecek molekiil/ler swissADME analizi kullanilarak arastirilmistir.
Burada genel olarak bitkinin iligkili oldugu hastaliklara 6zgii bilesiklerin dnerilmistir.
Ornegin molekiil, kan beyin bariyerini gegmesi isteniyor ise tabloda (Tablo 3) verilen
ozelliklerden ii¢ molekiil (BBB’i “yes” olan) iizerine odaklanilabilir. Tabloda verilen
molekiiller, iligkili gelen hastaliklarin hedeflerine yonelik kenetlenme analizi
sonuglarina gore daha ayrintili incelenerek daha ileri ¢aligmalara taginarak yeni ilag
aday1 olmaya uygun molekiil/ler olarak arastirilabilir. Onerilen 25 molekiiliin tablo
1’de sunulan hastaliklar ile etkilesiminin sanal taramasinin molekiiler kenetlenme
analizi kullanilarak belirlenmesi onerilmektedir. Bitkinin iligkili oldugu hastaliklara
6zgii hedefler secilerek bu bilesikler ile kenetlenme analizi yapilarak ayni veya benzer
etkilesime veya baglanma afinitesine sahip olup olmadiklar arastirilabilir.

Analiz sonucunda belirlenen molekiiller deneysel dogrulamaya degil, sadece veri
analizine dayandigindan, tanimlanan molekiillerin etkisini dogrulamak icin 6nce
kenetlenme analizine sonra klinik deneylerle daha ayrintili arastirmalarinin gerekli
oldugu diisliniilmektedir. Belirlenen 25 bilesigin daha ileri (kenetlenme analizi, in
vitro, in vivo) ¢alismalarda kullanilabilir oldugu diisiiniilmektedir.

References

1. Wannes WA, Marzouk B (2016). Research progress of Tunisian medicinal
plants used for acute diabetes. Journal of Acute Disease 5: 357-363.

2. Xie C, Xie Z, Xu X, Yang D (2015). Persimmon (Diospyros kaki L.) leaves: a

review on traditional uses, phytochemistry and pharmacological properties.
Journal of ethnopharmacology 163: 229-240.

3. Sun L, Zhang J, Lu X, Zhang L, Zhang Y (2011). Evaluation to the
antioxidant activity of total flavonoids extract from persimmon (Diospyros
kaki L.) leaves. Food and chemical toxicology 49: 2689-2696.

4. Seeliger D, de Groot BL (2010). Ligand docking and binding site analysis
with PyMOL and Autodock/Vina. Journal of computer-aided molecular
design 24: 417-422.

5. Viana Nunes AM, das Chagas Pereira de Andrade F, Filgueiras LA, de
Carvalho Maia OA, Cunha RLOR, Rodezno SVA, Maia Filho ALM, de
Amorim Carvalho FA, Braz DC, Mendes AN (2020). preADMET analysis
and clinical aspects of dogs treated with the Organotellurium compound
RF07: A possible control for canine visceral leishmaniasis? Environmental
Toxicology and Pharmacology 80: 103470.

6. Ishola AA, Oyinloye BE, Ajiboye BO, Kappo AP (n.d.). Molecular Docking
Studies of Flavonoids from Andrographis paniculata as Potential
Acetylcholinesterase, Butyrylcholinesterase and Monoamine Oxidase
Inhibitors Towards the Treatment of Neurodegenerative Diseases.

7. Goller AH, Kuhnke L, Montanari F, Bonin A, Schneckener S, Ter Laak A,

14. Tip Bilisimi Kongresi Bildiriler Kitabi
Proceedings of 14th Turkish Congress of Medical Informatics
16-18 Mart 2023 / 16-18 March 2023

137



10.

11.

12.

14.

Wichard J, Lobell M, Hillisch A (2020). Bayer’s in silico ADMET platform:
a journey of machine learning over the past two decades. Drug Discovery
Today.

Shen J, Vasaikar S, Zhang B (2018). DLAD4U: deriving and prioritizing
disease lists from PubMed literature. BMC bioinformatics 19: 29-37.

Xue Y-L, Miyakawa T, Hayashi Y, Okamoto K, Hu F, Mitani N, Furihata K,
Sawano Y, Tanokura M (2011). Isolation and tyrosinase inhibitory effects of
polyphenols from the leaves of persimmon, Diospyros kaki. Journal of
agricultural and food chemistry 59: 6011-6017.

Yaqub S, Farooq U, Shafi A, Akram K, Murtaza MA, Kausar T, Siddique F
(2016). Chemistry and functionality of bioactive compounds present in
persimmon. Journal of Chemistry 2016.

Rauf A, Uddin G, Patel S, Khan A, Halim SA, Bawazeer S, Ahmad K,
Muhammad N, Mubarak MS (2017). Diospyros, an under-utilized, multi-
purpose plant genus: A review. Biomedicine & Pharmacotherapy 91: 714—
730.

Bakchi B, Krishna AD, Sreecharan E, Ganesh VBIJ, Niharika M, Maharshi S,
Puttagunta SB, Sigalapalli DK, Bhandare RR, Shaik AB (2022). An Overview
on Applications of SwissADME Web Tool in the Design and Development of
Anticancer, Antitubercular and Antimicrobial agents: A Medicinal Chemist’s
Perspective. Journal of Molecular Structure 132712.

Kim S, Chen J, Cheng T, Gindulyte A, He J, He S, Li Q, Shoemaker BA,
Thiessen PA, Yu B (2019). PubChem 2019 update: improved access to
chemical data. Nucleic acids research 47: D1102-D1109.

Kim S, Thiessen PA, Bolton EE, Chen J, Fu G, Gindulyte A, Han L, He J, He
S, Shoemaker BA (2016). PubChem substance and compound databases.
Nucleic acids research 44: D1202-D1213.

Daina A, Zoete V (2016). A boiled-egg to predict gastrointestinal absorption
and brain penetration of small molecules. ChemMedChem 11: 1117.

Jia C-Y, Li J-Y, Hao G-F, Yang G-F (2020). A drug-likeness toolbox
facilitates ADMET study in drug discovery. Drug discovery today 25: 248—
258.

PAK, A., ERCIN M.E., COSKUN, H., (2020). Diyabetes Mellitus’ta Inkretin
Bazli Tedavilerde Kullamlan ilaglarin Admet Sonuglarinin In Siliko Olarak
Karsilagtirilmasi: SwissADMET ve Admetsar, In: Saglik Bilimlerinde Teori
ve Arastirmalar II (Cilt 3), Ed.:Prof. Dr. Cem EVEREKLIOGLU, Tiirkiye.
S:29-62,

14. Tip Bilisimi Kongresi Bildiriler Kitabi
Proceedings of 14th Turkish Congress of Medical Informatics
16-18 Mart 2023 / 16-18 March 2023

138



Julia Programlama Dili ile Programlanmis Web Tabanh
Kiimeleme Yazilim ile Kronik Bobrek Hastalig1 Teshisi
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Ozet. Gelisen dijital teknoloji ile birlikte ortaya gikan veri miktar1 birikerek art-
maktadir. Veri miktarinin giin gegtikce arttig1 alanlardan biri de medikal alanidir.
Verilerin anlamli bilgiye doniismesi veri madenciligi yontemleri ile gerceklesti-
rilmektedir. Veri madenciligi yontemlerinden denetimli 6grenme algoritmalari
egitim asamasinda etiketlenmis veriye ihtiyag duyarlar. Tibbi verilerin biiytik ¢o-
gunlugu, hekimlerin is yiikii, zaman sorunu vb. sebeplerle etiketsiz olarak depo-
lanmaktadir. Bu sebeple bazi tibbi arastirima ve techizlerde denetimli 6grenme
yerine denetimsiz 6grenme algoritmalarindan kiimeleme algoritmalar kullanil-
maktadir. Bu ¢aligmada kronik bobrek hastalik verileri julia programlama dili ile
gelistirilen web tabanli kiimeleme yazilimi ile kiimelenmistir. K-means, K-me-
doids, Hierarchical Clustering algoritmalar1 arasinda K-Means kiimeleme algo-
ritmasi (RI=0.7, MI=0.13, V=0.3) en yiiksek kiimeleme metrik degerlerine ulas-
mustir. Onerilen yazilim kullaniciya higbir program kurdurmadan ve bir program-
lama dili bilgisi gerektirmeden yiikledigi veriyi kiimelemekte ve sonuglarmi ra-
porlamaktadir. Yazilim tarafindan egitilen model klinikte ve tibbi arastirmalarda
kullanilabilir.

Anahtar Kelimeler: Julia, Dash, Kiimeleme, Kronik Bobrek Hastaligi, Web
tabanli Yapay Zeka Yazilimi

Abstract.With the developing digital technology, the amount of data that emer-
ges is increasing by accumulating. One of the fields where the amount of data is
increasing day by day is the medical field. The transformation of data into mea-
ningful information is carried out by data mining methods. Supervised learning
algorithms, one of the data mining methods, need labeled data during the training
phase. The vast majority of medical data, physicians' workload, time problem,
etc. It is stored unlabeled for reasons. For this reason, clustering algorithms from
unsupervised learning algorithms are used instead of supervised learning in some
medical research and equipment. In this study, chronic kidney disease data were
clustered with web-based clustering software developed with the Julia program-
ming language. Among the K-means, K-medoids, and Hierarchical Clustering
algorithms, the K-Means clustering algorithm (RI1=0.7, MI=0.13, V=0.3) reached
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the highest clustering metric values. The proposed software aggregates the loaded
data and reports the results without having the user install any program and wit-
hout requiring any programming language knowledge. The software-trained mo-
del can be used in clinical and medical research.

Keywords: Julia, Dash, Clustering, Chronic Kidney Disease, Web-based Artifi-
cial Intelligence Software

1 Giris

Son yillarda, tip alaninda, tibbi arastirmalar ve hastalik teshisi i¢in makine dgrenimi
teknikleri yaygin olarak kullanilmaktadir. Bunun sebeplerinden biri de tibbi veri kiimel-
erinin mevcudiyetindeki artigtir [1]. Bilgisayar diinyasindaki gelismeler (hizli, ucuz
bilgisayarlar; genis kapasiteli depolama birimleri vb.), nedeniyle veri kiimelerinin biri-
kmesini sagladi. Biiyilk miktardaki bu veriler saglik hizmeti saglayicilar, 6deme
yapanlar, hastalar ve yonetim dahil olmak iizere saglik alanindaki tiim paydaslara gesitli
faydalar sunar. Ozellikle hastanelerin gesitli elektronik saglik kayitlari araciligiyla de-
poladig1 terabaytlarca saglik verisinin depolanmasiyla, hastaliklar hakkinda 6ngériiler
makine dgrenmesi yontemleri ile gergeklestirilebilir.

Makine 6grenmesi yontemleri denetimli, denetimsiz, yari denetimli 6grenme olarak
gruplandirilmaktadir. Denetimli 6grenme, bir dizi bagimli degiskenden bir bagimsiz
(hedef) degiskene bir atama islemini 6grenme (yaklastirma) siirecidir. Buradaki 'dene-
timli' terimi, denetlenen algoritmanin dogru yanitlara yani sinif bilgilerine sahip
oldugumuz egitim siirecini ifade eder. Bununla birlikte, yalnizca bir dizi degisken
oldugunda ve karsilik gelen ¢ikti degiskenleri yani sinif bilgileri olmadiginda (veriler
etiketlenmemisse), 6grenme siireci denetimsiz olarak adlandirilir. Denetimsiz dgren-
mede, veri setlerindeki yapilari, iligkileri kesfetmek 6grenme algoritmasina birakilir.
En 6nemli denetimsiz 6grenme tekniklerinden biri, bir dizi veri noktasini uzaklik gibi
bir benzerlik dl¢iisiine gére bolme islemi olan kiimelemedir. Kiimelemenin amaci, her
bir kiimenin biitinden daha fazla homojenlige sahip olacag1 sekilde heterojen veriler
icindeki alt gruplari ortaya ¢ikarmaktir. Birgok uygulamada, etiketli verileri elde etmek
genellikle zor, maliyetli ve/veya zaman alicidir, oysa etiketlenmemis verileri toplamak
nispeten kolay olabilir. Etiketlenmis verinin az, etiketlenmemis verilerin fazla oldugu
veri kiimelerinde &grenme modelinin dogrulugunu arttirmak igin yart denetimli
o0grenme modellerinden faydalanilir. Bu ¢alismada denetimsiz 6grenme algoritmalarin-
dan kiimeleme algoritmalarindan faydalanilacaktir [2].

Bu ¢alismada yiiklenen veri setlerini, program kurulumuna ve programlama bilgis-
ine ihtiya¢ duymadan; sistemden, zaman ve mekandan bagimsiz olarak kiimeleyen;
julia programlama dili ile gelistirilmis, web tabanli kiimeleme yazilimimnin kullanimi
onerilmistir. S6z konusu yazilim aragtirmaci ve klinisyenlerin ¢alismak istedikleri veri
setini yiikleyerek kiimeleme islemini yapan modeli egitebilecekleri ve modelin test
sonug raporlarini alabilecekleri bir yazilimdir. Yazilim yiiksek ¢aligma hizina sahip
julia programlama dili ile gergeklestirilmistir [3]. Calisma kapsaminda UCI Makine
ogrenmesi deposu veri setlerinden Chronic Kidney Disease Data Set (Kronik Bobrek
Hastalar1 Veri Kiimesi) kullanilmustir [4].
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Kronik Bobrek Hastaligi (KBH), genellikle bobregin gesitli faktorlere bagl olarak
zaman i¢inde yaptig1 islevin kademeli olarak kayb1 olarak tanimlanir. Erken tahmin ve
tedavi KBH'nin ilerlemesini durdurur. KBH riski tasiyan bireyleri tahmin etmenin ve
kiimeleme tekniklerini uygulama hastaligin ilerlemesini degistirebilir. KBH’n1 erken
teshis etmek, bobrek kaybi olasiligini azaltmak igin olasi stratejileri uygulama fir-
satlarini sunabilir [5].

Literatiirde bir¢ok ¢caligmada kiimeleme analizi ile hastalik techizi yapilmistir. Yakut
ve ark. [6] yaptiklar1 caligmada Kardiyak aritmi tipi kalp Sag Dal Blogu ve Sol Dal
Blogu'nu normal kalp atislarindan ayiran, ii¢ sinifli, K-means kiimelemeye dayali bir
aritmi saptama yontemi onermislerdir. MIT-BIH Aritmi Veri Tabanindan alinan ver-
ilerin 6zniteliklerini (QRS morfolojisi, Nabiz Degiskenligi ve istatistiksel metrikler)
cikarip K-Means kiimeleme algoritmast ile kiimelemis ve relieff 6znitelik se¢cimi son-
rasinda %99.18 basari ile hastalig1 techiz etmislerdir. Herrera ve ark. [7] pediatrik
yogun bakim iinitelerine bagvuran 90 hastadan olusan bir kohortta, kabulden sonraki
ilk 24 saatlik verileri (fizyolojik ve analitik degiskenler ve cihaz ihtiyact) k-means al-
goritmasi ile kiimelemislerdir. Shakeel ve ark. Yaptiklari calismada hangi yas grubunun
ve cinsiyetin diyabetten en ¢ok etkilendigini teshis etmek i¢in kiimeleme algoritma-
larindan faydalanmislardir

2 MATERYAL VE METOT

Kronik bobrek hastalig1 veri seti dosyasi, eksik verilerden arindirilarak, julia program-
lama dili ile gelistirilmis web tabanli kiimeleme yazilimina yiiklenmis ve tiim deneysel
¢alismalar bu ortamda gerceklestirilmistir.

2.1 Veri Seti

Bu ¢alismada kronik bdbrek hastaligi tanisi i¢in halka agik bir veri deposundan fayda-
lanilmigtir. Kaliforniya Universitesi — Irvine Makine Ogrenmesi Deposunda (Univer-
sity of California — Irvine (UCI) Machine Learning Repository) bulunan, halka agik
Kronik Bobrek Hastaligi Veri Seti (Chronic Kidney Disease Data Set) kullanilmistir.
Veri setinde 400 gozleme ait kayitlar bulunmaktadir. Bu gézlemlerin 250°si kronik bob-
rek hastasi, 150si ise sagliklidir. Veri setinde biri hedef 6znitelik (hasta veya saglikli)
olmak iizere toplam 25 &znitelik vardir. Kiimeleme algoritmasinin saglikli bir sekilde
calisabilmesi i¢in veri kiimesindeki kayip degerlere sahip gozlemler (242 gozlem) si-
linmistir. Silme islemi anabilim dalimizin R programlama dili web yazilimlarindan
bilgi kesfi yazilimu ile gergeklestirilmistir [8] ve ¢alisma kayip deger bulunmayan 43
hasta, 115 hasta olmayan toplam 158 gozlem ile gerceklestirilmistir. Tablo 1, veri se-
tinde bulunan 6znitelikleri 6zetlemektedir.

Table 1. Table captions should be placed above the tables.

No Oznitelik Veri Tiirii Agiklama Deger Araligi
Adi
1 age Nimerik yas 2-90
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2 bp Numerik Kan basing de- 50-180
geri
3 sg Nominal Ozgiil Agirhk 1.005- 1.010-1.015
-1.020-1.025
4 al Nominal Albimin 0,1,23,4,5
5 su Nominal Seker 0,1,2,3,4,5
6 rbc Nominal Kirmizi Kan Hiic- normal: normal,
releri abnormal: anormal
7 pc Nominal iltihap hiicresi normal: normal,
abnormal:anormal
8 pcc Nominal iltihap Hiicre kii- notpresent: mevcut
meleri degil
present: mevcut
9 ba Nominal Bakteri, notpresent: mevcut
degil
present: mevcut
10 bgr Numerik Rastgele kan se- 22-490
keri
11 bu Niimerik Kan Ure 1,5-391
12 sC Nimerik Serum kreatinin 0,4-76
13 sod Nimerik Sodyum 4,5-163
14 pod Niumerik Potasyum 2,5-47
15 hemo Nimerik Hemoglobin 3,1-18,8
16 pcv Nimerik Sikistirilmig 9-54
hicre hacmi
17 wce Numerik Beyaz kan hic- 2200 - 26400
resi sayimi
18 rc Nimerik Kirmizi kan hic- 2,1-8
resi sayimi
19 htn Nominal Hipertansiyon, No: Hayir, Yes: Evet
20 dm Nominal Diyabet (seker) No: Hayir, Yes: Evet
hastaligi,
21 cad Nominal Koroner  arter No: Hayir, Yes: Evet
(kalp) hastaligi, No:
Hayir, Yes: Evet
22 appet Nominal istah Good: iyi, Poor: Zayif
23 pe Nominal Ayak 6demi, No: Hayir, Yes: Evet
24 ane Nominal Anemi, No: Hayir, Yes: Evet
25 classifica- Nominal Hedef Sinif, cdk: hasta,
tion notcdk:hasta degil

2.2 Julia Programlama Dili ile Programlanmis Web Tabanh Kiimeleme
Yazilim

Bu calismada inonii Universitesi Biyoistatistik ve T1p Bilisimi Anabilim Dali tarafin-
dan gelistirilen, Veri bilimi ve yapay zeka tabanli interaktif web yazilimlar1 arasinda
yer alan, julia programlama dili ile gelistirilmis web tabanli kiimeleme yazilimi ile
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kiimeleme islemi gergeklestirilmistir [9]. S6z konusu yazilim K-means, K-medoids,
Hierarchical Clustering, kiimeleme algoritmalarint desteklemektedir [10]. Sekil 1°de
yazilimin veri islemleri sekmesinin ekran goriintiisii verilmistir.

il Juiia e Veri kimeleme Yazir: ([N

Girig

Veri lglemleri Analiz

Not: kidney_disease_notnull.csv
Geligtirilen bu yazilim .csv uzantil veri dosyalanni 2422028 00:07:39

desteklemektedir. idagebp sgalsu rbe pc pec babgr bu scsodpot hemopcy  wWe rchtn dmcad appet pe ane

3 48701.005 4 0 normal abnormal  present notpresent 117 563.81112.511.2 32 67003.9yes no no poor yes yes

Sartkle birak veya Dosya Seg

5390 1.02 2 ©abnormal abnormal  present notpresent 701077.21143.7 9.5 29121003.7 yesyes no poor noyes

11 6370 1.01 3 @b

rmal abnormal  present notpresent 389 602.71314.210.8 32 4500 3.8 yesyes no poor yes no

14 6880 1.01 3 2 normal abnormal  present  present 157 904.11306.4 5.6 1611000 2.6 yes yes yes poor yes no

20 61801.015 2 ©abnormal abnormal notpresent notpresent 173 148 3.9135 5.2 7.7 24 9200 3.2 yes yes yes poor yes yes

27 6970 1.01 3 4 normal abnormal notpresent notpresent 264 872.7130 412.5 37 96004.1yes yesyes goodyes no

48 73701.005 © 0 normal normal notpresent notpresent 70 320.9125 4 10 29 18900 syes no goodyes no

58 7380 1.02 2 ©abnormal abnormal notpresent notpresent 253 142 4.6 138 5.8 10.5 33 7200

3
2

22 48801.025 4 © normal abnormal notpresent notpresent 951637.71363.8 9.8 32 69003.4yes no no good no yes
)
2 s yesyes good no no
1

71 4660 1.01 1 © normal normal notpresent notpresent 163 923.3141 4 9.8 2814600 3.2yesyes no good no no

1/ 16 >

Sekil. 1. Julia Programlama Dili ile Gelistirilmis Web Tabanli Kiimeleme Yazilimi Veri Yiik-
leme Ara Yiizi

Yazilimi veri islemleri sekmesinde veri gorlintiilenir. Kiimeleme isleminin para-
metreler ayarlanarak yapildigi ve sonuglarin raporlandigi analiz sekmesinin ekran go-
rintiisii Sekil 2’de gosterilmistir.

Veri Iglemleri

Kiimeleme Yontemini Seginiz Verilerin kiimelere dagilma sikliklar
K-Mes . Kunetio Elenansayisi
1 52
Oznitelik Alanlarini Seginiz 2 el

3 3

Gozlemlerin Kimelere dagilimi
Kiime Sayisini Seginiz

Gozlentio Kumetio
1
2 2
Kiime sayisins 4" olarak segtiniz 4
Iterasyon Sayisini Seciniz 4 a
Maksimum iterasyon sayisin “200" olarak segtiniz 7 s
s
:
0 3

Sekil. 2. Algoritma, algoritma parametreleri ve kiimeleme sonuglarinin raporlanmasinimn yapil-
dig1 analiz sekmesinin ekran goriintiisii

Sekil 2°de gosterilen analiz sekmesinde kiimeleme yontemi ve 6znitelik alanlari se-
cilir, kiime sayisi ve iterasyon sayisi parametre olarak girilir. Kiimeleme islemi sonu-
cunda verilerin kiimelere dagilma sikliklari ve gozlemlerin kiimelere dagilimi
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kullanictya raporlanir. Yazilim alt1 farkli kiimeleme algoritmasini desteklemektedir. Bu
algoritmalar alt bagliklar halinde sunulmustur.

K-means (K- Ortalamalar) Kiimeleme Algoritmasi. 1967 yilinda J.B. MacQueen
tarafindan onerilmistir [11]. K-means algoritmasi, algoritmaya kullanici tarafindan ve-
rilen k parametresi ile n tane veriden olusan veri setini k adet kiimeye boler. Kiime
benzerligi kiimedeki nesnelerin ortalama degeri ile dl¢iiliir, bu da kiimenin agirlik mer-
kezidir. K-means algoritmasinin verileri gruplara atama mekanizmasi, her verinin sa-
dece bir kiimeye ait olabilmesine izin veren keskin bir kiimeleme algoritmasidir [12].
K -means algoritmasi her veri ile rastgele belirlenen merkez noktalar1 arasindaki uzak-
lig1 hesaplayarak veriyi en yakin merkez noktasina gore bir kiimeye atar. Daha sonra
her kiime i¢in yeniden bir merkez noktasi segilir ve yeni merkez noktalarina gore kii-
meleme islemi yapilir. Bu durum, yinelemeli (iteratif) olarak, sistem kararli hale gelene
kadar devam eder.

K-medoids Kiimeleme Algoritmasi. Verinin yapisal 6zelliklerini temsil eden temsilci
noktaya medoids denir. K-medoids algoritmasi veri merkezine en yakin k adet medoids
noktasini bulmaya ¢alisan algoritmadir. k adet medoids tespit edildikten sonra her bir
veri en yakin oldugu medoids’e atanarak k tane kiime olusturulur. Olusturulan kiimeler
metoidslerin iterasyonlarla giincellesmesi ile optimize edilir [13], [14].

Hierarchical Clustering (Hiyerarsik Kiimeleme). Verinin yapisal dzelliklerini temsil
eden temsilci noktaya medoids denir. K-medoids algoritmasi veri merkezine en yakin
k adet medoids noktasini bulmaya calisan algoritmadir. k adet medoids tespit edildikten
sonra her bir veri en yakin oldugu medoids’e atanarak k tane kiime olusturulur. Olus-
turulan kiimeler metoidslerin iterasyonlarla giincellesmesi ile optimize edilir [13], [14].

3 Bulgular

Kronik bobrek hastaligi veri seti kayip degerlerinden arindirildiktan sonra veri seti web
yazilimna yiiklenmis ve goriintlilenmistir. Ardindan algoritmalar ve ilgili parametreler
ayarlanarak kiimeleme islemleri gergeklestirilmistir.

31 Kiimeleme Metrikleri

Julia programlama dili ile gelistirilmis web tabanli kiimeleme yaziliminin destekledigi
kiimeleme metrikleri ile algoritmalar karsilagtiriimistir.

Rand Index (RI) Degeri. Rand indeksi, iki veri kiimesi arasindaki benzerligin bir 61-
clistidiir. Matematiksel agidan, Rand indeksi tahmin dogrulugu ile iligkilidir. Bu metrik,
pratikte mevcut olmayabilecek etiketlerini gerektirir (Extrinsic Measures). Daha
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yiiksek bir puan, daha yiiksek benzerligi ifade eder. Metrigin esitligi denklem 1°de ve-
rilmigtir [16], [17].

ikili dogru tahmin sayist

Rand Index (RI) =

(M

olastgiftlerin toplam sayist

Silhouettes Coefficient (Siluet Katsayis1) Degeri. Siluetler, kiimelemenin kalitesini
degerlendirmek icin bir yontemdir. Ozellikle, diger kiimelere kiyasla her noktanin
kendi kiimesinde ne kadar iyi oldugunu Ol¢gmek igin nicel bir yol saglar.
Siluet Katsayisi, kiime i¢i mesafeye karsi kiime aras1 mesafeyi 6lger. Daha yiiksek bir
puan, daha iyi tanimlanmis kiimeleri ifade eder. Ornek ile aym kiimedeki diger tiim
noktalar arasindaki ortalama mesafe (b) ile rnek ile ayni kiimedeki diger tiim noktalar
arasindaki ortalama mesafenin (a) farkinin a veya b den biiyiik olanina orani metrik
degerini verir. Metrigin esitligi denklem 2’de verilmistir [16], [17].

b-a

max(a,b)

Siluet Katsayist (s) = 2)

V- Measure (V — Olgiisii Degeri. V-Measure, kosullu entropi analizi kullanarak kiime
atamalarmin dogrulugunu 6lger. Daha yliksek bir puan, daha yiiksek benzerligi ifade
eder. 0 -1 arasi deger alan V-Measure, homojenlik ve biitlinliik 6l¢iisiiniin harmonik
ortalamasidir. Homojenlik, biitiinliik ve V-Measure i¢in esitlik denklem 3,4,5’de veril-
mistir [16], [17].

kiime atamalari verilen kosullu entropi

homojenlik (h) =1 — 3
J ( ) sinifin (tahmin edilen)entropisi ( )
e gas kiime atamalar: verilen kosullu entropi
bitunlik (¢c) =1 — LV enTop (@]
sinifin (gergek) entropisi
hxc
V — Measure = 2 * 5
h+c

Mutual Information (Karsihikh Bilgi - MI). Kiime atamalari arasindaki anlagmay1
6lger. En yiiksek degeri 1 dir. Daha yiiksek bir puan, daha yiiksek benzerligi ifade eder.
P(i) Verilerin kiime i'de (gercek) olugma olasilig1, P(i,j) Verilerin i kiimesinde (gergek)
ve j kiimesinde (6ngoriilen) olusma olasiligimi ve P’ (j) verilerin j kiimesinde (6ngorii-
len) olugsma olasiligin1 gostermek tizere. Metrigin esitligi denklem 6’da verilmistir [16],
[17].

Mutual Information (MI) = Z'llill lelj P(i,j) log% (6)

3.2  Deneysel Sonugclar

Kronik Bobrek hastaligi verilerinin kiimelenmesinde farkli kiimeleme teknikleri kulla-
nilarak kiimeleme performans metriklerine gore siniflandirilmis ve sonuglar analiz edil-
mistir.
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K-Means ve K-medoids algoritmalari i¢in kiime sayis1 2 (n_clusters=2) olarak ,
maksimum iterasyon sayist ise 300 (max_iter=300) olarak ayarlanmistir. Diger para-
metreler varsayilan olarak alinmigtir. Hierarchical Clustering algoritmasinda pargadan
biitiine bir hiyerarsi ile kiimeleme yapilmistir Tablo 2’de algoritmalar ve performans
metrikleri verilmistir.

Table 2. Algoritmalar ve Performans Metrikleri

Metotlar

Performans Met- K-me- K-me- Hierarc-

rikleri ans doids hical Cluste-
ring

Rand Index 0,70 0,53 0,66

Silhouettes Coeffi- 0,68 0,57 0,72
cient (*)

V — Measure 0,30 0,04 0,21

Mutual  Informa- 0,13 0,02 0,08
tion

* Siluet Katsayisi puanlari, yogunluga dayali kiimeleme algoritma-
lariigin daha yuiksek olma egilimindedir ve diger kiimeleme algoritma-
lariile karsilastirmada adil kiyaslama sunmaz.

Tablo 2°de uyart (*) dikkate alindiginda goriilecegi lizere kiimeleme metriklerinde en
yiiksek kiimeleme basarimini K-Means kiimeleme algoritmast (RI=0.7, MI=0.13,
V=0.3) vermistir. Sekil 3’de algoritmalarin performansini gosterir grafik sunulmusgtur.

Kronik Bobrek Hastaligi Veri Seti Uzerinde Calisan Kiimeleme Algoritmalarinin
Kiimeleme Performanslari

0,72
0,68
0,57
0,3
0,21
0,13
0,08
= - .
| —

Rand Index Silhouettes Coefficient (*) V—Measure Mutual Information

Kiimeleme Metrik Degerleri
o
=

Kiimeleme Metrikleri

mK-means mK-medoids m Hierarchical Clustering
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Sekil. 3. Kiimeleme Algoritmalarinin Performansinin Degerlendirmesi

4 Sonug¢

Bu Calismada hekimlerin zamandan, mekéndan ve donanimdan bagimsiz olarak
aragtirmalarinda ve klinikte kullanabilecekleri bir yazilim kullanilmis ve tanitilmstir.
Yazilim hesaplama hiz1 yiiksek olmasi sebebi ile julia programlama dilinde web tabanli
olarak gelistirilmistir. S6z konusu yazilim ile kronik bobrek hastalari, programlama
bilgisi ve program kurulumuna ihtiya¢ duymadan, kiimelenmistir. Kiimeleme perfor-
manslar1 raporlanmustir.

K-means, K-medoids, Hierarchical Clustering algoritmalari arasindan K-Means
kiimeleme algoritmas: (RI=0.7, MI=0.13, V=0.3) en yiiksek kiimeleme metrik
degerlerine ulagmigtir. Yazilim klinik ve tibbi arastirmalarda kullanilabilir bir
yazilimdir. Yazilimin sonraki versiyonlarinda eksik deger armndirma, veri nor-
mallestirme ve farkli kiimeleme algoritmalarini destekleme 6zelliklerinin gelistirilmesi
hedeflenmektedir.
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Sicaklik, Yagis ve Kisi Bas1 Gelir ile Diyabetin Tliskisi:
Tiirkiye Ornegi

The Relationship between Temperature, Precipitation,
Per Capita Income and Diabetes: The Case of Turkey

Esra Tokur Sonuvar', Mustafa Mahir Ulgii® and Kemal Hakan Giilkesen '

! Biyoistatistik ve Tip Biligimi AD, Tip Fakiiltesi, Akdeniz Universitesi Antalya.
% Saglik Bilgi Sistemleri Genel Miidiirliigii, Saglik Bakanhg Ankara.

Ozet. Diyabetli kisilerin saglik durumlarim etkileyen pek ¢ok faktor vardir.
Yasam tarzi, genetik yatkinlik gibi faktorlerin yaninda, ekonomik kosullar,
iklim gibi faktorlerin de diyabet iizerinde etkisi olabilir. Bu ¢aliymada
Tirkiye’deki il bazinda diyabet prevalansinin, sicaklik, yagis ve kisi bast gelir
ile iliskisi arastirilmugtir. Calismada, diyabet, sicaklik 0,47 (p=0,001); diyabet,
yagis 0,45 (p=0,740) ve diyabet, kisi basi gelir 0,03 (p=0,001) korelasyon
degerleri bulunmustur. Regresyon analizi sonucunda elde edilen model
anlamhdir (F=17,433, p=0,001) ve varyansin %40'mm1 agiklamaktadir
(R?=0,404). Modele gore, sicakliktaki bir santigrat artig diyabet prevalansinda
%0,5 (t=5.01, p<0,001) birimlik artisa neden olurken, kisi bas1 gelirdeki yilda
bin TL artis diyabet prevalansinda %0,3 (t=3,28, p=0,002) birimlik bir artisa
neden olmaktadir. Yagistaki bir mm artis ise diyabet prevalansinda %0,3 (t=-
2,96, p=0,004)’liik bir azalma meydana getirmektedir. Bu ¢aligmada, sicak hava
kosullarina sahip illerde diyabet prevalansimn arttigi, yagish hava kosullarina
sahip illerde ise diyabet prevalansinin azaldigi bulunmustur. Kisi basi gelir
miktarinin ise diyabet prevalansi iizerinde pozitif yonlii bir iliskisi oldugu
goriilmektedir, yani alim giicii arttikca diyabet prevalansi da artmaktadir. Bu
sonuglar, sicaklik, yagis ve gayrisafi yurt i¢i hasila gibi sosyal faktorlerin
diyabet prevalansi tizerinde etkili olabilecegini gostermektedir. Bu faktorler
diyabetin dnlenmesi ve tedavisinin yalnizca bir pargasidir. Gelecekte yapilacak
caligmalarda diger faktorlerin de incelenmesi onerilmektedir.

Keywords: Diabetes mellitus, Sicaklik, Yagis, Kisi bas gelir.
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Abstract. There are many factors that affect the health status of people with di-
abetes. In addition to factors such as lifestyle and genetic predisposition, factors
such as economic conditions and climate may also have an impact on diabetes.
In this study, the relationship between the prevalence of diabetes on a provincial
basis in Turkey, temperature, precipitation and per capita income was investi-
gated. In the study, diabetes-temperature 0.47 (p=0.001); diabetes-precipitation
0.45 (p=0.740) and diabetes-per capita income 0.03 (p=0.001) correlation val-
ues were found. The model obtained as a result of the regression analysis is sig-
nificant (F=17.433, p=0.001) and explains 40% of the variance (R>=0.404). Ac-
cording to the model, one centigrade increase in temperature causes a 0.5%
(t=5.01, p<0.001) unit increase in diabetes prevalence, while a thousand TL in-
crease in per capita income per year causes 0.3% (t=3.28, p=0.002) increase in
diabetes prevalence. One mm increase in precipitation creates a %0.3 (t=-2.96,
p=0.004) decrease in diabetes prevalence. In this study, it was found that the
prevalence of diabetes increased in provinces with warm weather conditions,
while the prevalence of diabetes decreased in provinces with rainy weather
conditions. It is seen that the amount of income per capita has a positive rela-
tionship on the prevalence of diabetes, that is, the prevalence of diabetes in-
creases as the purchasing power increases. These results show that factors such
as temperature, precipitation and income may have an impact on diabetes
prevalence. These factors are only part of the prevention and treatment of diabe-
tes. It is recommended to examine other factors in future studies.

Keywords: Diabetes mellitus, Temperature, Precipitation, Income per capita.

1 Giris

Diyabet, pankreasin yetersiz insiilin iiretimi veya viicudun insiilini etkili bir sekilde
kullanamamasi sonucu ortaya ¢ikan bir kronik hastaliktir. Eger insiilin iretilmezse,
kan sekeri diizeyi normal seviyenin iizerinde olur. ila¢ kullanimi, diizenli egzersiz ve
saglikli beslenme ile kan sekeri diizeyi kontrol altina almabilir. Tedavi edilmeyen
diyabet, zamanla viicutta hasara neden olur. Ilerleyen diyabet durumunda, gérme
bozukluklari, karaciger yaglanmasi, kardiyovaskiiler hastaliklar, amputasyon, bobrek
hastaliklar1 ve erken 6liim riski bulunabilir [2]. Uluslararast Diyabet Federasyonu
(IDF) tarafindan iki yilda bir yayinlanan "Diyabet Atlasi"nin 10. baskisinda, 2021 yil1
itibariyle 537 milyon eriskin yasta diyabet hastasi oldugu ve bunlarin %80'inin diisiik
ve orta gelirli iilkelerde yasadig: bildirilmistir [1]. IDF projeksiyonuna goére, 2030
yilina kadar bu rakam 643 milyon, 2045 yilinda ise 783 milyon olacaktir [1].

Diyabetli kisilerin saglik durumlarini etkileyen pek ¢ok faktdr vardir. Yasam tarz,
genetik yatkinlik gibi faktorlerin yaninda, ekonomik kosullar, iklim gibi faktorlerin de
diyabet {izerinde etkisi olabilir [5]. Insanlarin saglik durumlari; yasam ve calisma
kosullari, ekonomik durumlar gibi sosyal faktorlerden etkilenir. Bu faktorler saglikli
yasam kosullari, saglik hizmetlerine erisim ve saglik bilinci diizeylerini de etkiler.
Bunlardan biri olan ekonomik durumdur. Ekonomik durumun iyilesmesi insanlarin
daha iyi yasam kosullarma sahip olmasini getirir ama ayni1 zamanda diyabet riskini de
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artirabilir. Ornegin, insanlarin alm giicii artiginda, daha pahali ve sagliksiz
yiyecekleri satin alma olasilig1 artabilir, bu da obeziteyi ve diyabeti artirabilir. Ote
yandan, sosyo-ekonomik durumu kotii olan topluluklarda diyabet riskinin arttigini
gosteren yayinlar da vardir.
Egitim diizeyi ile diyabet arasinda bir iliski olmasina ragmen, bu iliski diisiik ve orta
gelirli iilkelerde daha belirgindir. Diisiik egitim diizeyi olan kisilerde, diyabet riski
daha yiiksektir ve bu kisilerin diyabet tedavisine erisim daha zordur. Ayrica, diisiik
egitim diizeyi olan kisilerin diyabet riskini azaltmaya yonelik Onlemleri alma
olasiliklar1 da daha diisiiktiir. Ornegin, diisiik egitim diizeyi olan kisilerin saglikh
beslenme ve fiziksel aktivite aligkanliklart daha kétii olabilir, bu da diyabet riskini
artirir. Bununla birlikte, yiiksek egitim diizeyi olan kisilerde de diyabet riski vardir ve
bu riski azaltmaya yonelik onlemler alinmasi 6nemlidir. Diyabetin Onlenmesi ve
tedavisi i¢in egitim diizeyi yalnizca bir faktdr olmasina ragmen, bu faktdriin 6nemine
dikkat edilmesi gerekmektedir.
Hava sicakliginin da diyabet prevalansi ile bir iliskisi olabilir. Soguga maruz kalma,
enerji harcamasmi ve glikoz atilimmi uyarir. Bu faktérlerin tiim viicut enerji
dengesinde ve glikoz homeostazinda 6nemli bir rol oynamast durumunda, soguk
bolgelerde tip 2 diyabet prevalansinin daha diisiik olacagi dngoriilmektedir. ABD'de
yapilan bir g¢alismada, ilce diizeyindeki verileri kullanarak ortam sicakligi ile
diyabetin iliskisi incelenmistir. Ortalama ortam sicakligi, tip 2 diyabet
prevalansindaki mekansal degisimin %29,6'sin1 agiklamigtir [3]. Tip 2 diyabet
verilerinin obezite etkisi i¢in diizeltilmesi, agiklanan varyasyonu %26,8'e indirmistir
[3]. Bu calismaya gore ortam sicakligi arttikca diyabet prevalansi artmaktadir.
Havanin yagish olmasmin diyabet klinigi lizerine mevsimsel etkisi bilinmektedir [4].
Yagish havalarda diyabet hastalarinin klinik durumu koétiilesir [4]. Yagis miktarinin
diyabet prevalansi iizerine etkisi ise net degildir [4].

Bu ¢alismada Tiirkiye’deki diyabet prevalansinin il bazinda sicaklik, yagis
ve kisi bas1 gelir ile iligkisi arastirilmisgtir.

2 Gerec¢ ve Yontem

Bu c¢alismadaki il bazindaki diyabet prevalanslari e-Nabiz (https://enabiz.gov.tr/)
iizerinde yapilan bir ¢alismadan alinmistir. Diyabet prevalanslar1 2020 yili sonunda,
14 yas {istii vatandaglar1 kapsamaktadir. Prevalanslar yas ve cinsiyete gore
agirliklandirilmistir. Diabetes Mellitus olma kriterleri 1) HbAlc'nin 48 mmol/mol
(%6,5) tizerinde olmasi veya 2) ICD-10 kodlar1 E10-E14 olan diabetes mellitus tanist
ile regete edilmis olmasiydi. Sadece metformin regete edilirse, prediyabet ve diger
endikasyonlarda kullanildig i¢in bu kisiler diyabet olarak kabul edilmedi veya 3) En
az iki aglik kan sekeri dl¢iimiiniin 126 mg/dl iizerinde olmasi. Acil servisten veya
13.00-8.00 saatleri arasinda istenen acglik kan sekerleri ¢calisma dist birakildi. Veriler
Nisan 2015'ten (e-Nabiz baslangict) 2020 sonuna kadar tarandi.

Yillik ortalama sicaklik ve yagis verileri Cevre, Sehircilik ve Iklim Degisikligi
Bakanlig1 Meteoroloji Genel Miidiirliigiiniin web sayfasindan, gayrisafi yurt i¢i hasila
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verileri ise Tiirkiye Istatistik Kurumu Istatistik Veri Portahndan almmustir.
Istatistiksel analizler IBM SPSS 23 yazilimi kullanilarak yapilmustir. Bagimli ve
bagimsiz degiskenlerin normallik testleri Shapiro-Wilk ile yapilmustir. Normal
dagilmayan degiskenlere doniisiim uygulanmistir. Degiskenler arasindaki iliskinin
yonii ve miktarini belirlemek icin Pearson korelasyon testi yapilmistir. Gerekli
varsayimlar saglandiktan sonra, Enter yontemi kullanilarak regresyon analizi
yapilmistir. Regresyon analizi ile bagimsiz degiskenlerin diyabet iizerindeki etkisi
belirlenerek bir model tahmin edilmis ve modelin anlamliligi i¢in ANOVA testi
yapilmustir.

3 Bulgular

Calismada, diyabet, sicaklik 0,47 (p=0,001); diyabet, yagis 0,45 (p=0,740) ve diyabet,
kisi bast gelir 0,03 (p=0,001) korelasyon degerleri bulunmustur. Regresyon analizi
sonucunda elde edilen model anlamlidir (F=17,433, p=0,001) ve varyansm %40'in1
aciklamaktadir (R?>=0,404). Modele gore, sicakliktaki bir santigrat artig diyabet
prevalansinda 0,5 (t=5.01, p<0,00) birimlik artisa neden olurken, kisi bast gelirdeki
yilda bin TL artis diyabet prevalansinda 0,3 (t=3,28, p=0,002) birimlik bir artisa
neden olmaktadir. Yagistaki bir mm artis ise diyabet prevalansinda 0,3 (t=-2,96,
p=0,004)’liik bir azalma meydana getirmektedir.

4 Sonu¢

Bu ¢aligmada, sicak hava kosullarma sahip illerde diyabet prevalansinm arttigi,
yagish hava kosullarma sahip illerde ise diyabet prevalansinin azaldigi bulunmustur.
Kisi basi gelir ile diyabet prevalansi arasinda pozitif yonlii bir ilisgki oldugu
goriilmektedir, yani alim giicii arttikga diyabet prevalansi da artmaktadir. Bu sonuglar,
sicaklik, yagis ve gelir gibi sosyal faktorlerin diyabet prevalansi iizerinde etkili
olabilecegini gostermektedir. Bu faktdrler diyabetin dnlenmesi ve tedavisinin yalnizca
bir parcasidir. Gelecekte yapilacak g¢alismalarda diger faktorlerin de incelenmesi
onerilmektedir.
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Ciddi Oyunlar ile Ortak Karar Verme
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Ozet. Ortak Karar Verme (OKV), hastalari daha iyi bilgilendirerek ve karar
verme siirecine dahil ederek, klinik kararlarin hasta tercihleriyle uyumlu olmasini
saglamay1 amaglar. Hasta sonuglarini iyilestirme ve hasta goriislerini kararlara
yansitma gibi faydalarina ragmen, OKV'nin oniinde sinirli hasta-doktor zamani
ve OKV farkindaliginin eksik olmasi gibi onemli organizasyonel engeller vardir.
Bu ¢aligma, ciddi oyunlar kullanarak klinisyenlerin OKV konusundaki farkinda-
liklarini arttirmay1 amaglamaktadir. Calismada, tipik bir hasta muayenesini si-
miile eden diyalog tabanli bir oyun sunulmaktadir. Oyun kullaniciya, muayene-
nin ¢esitli asamalarinda OKV'ye katilma firsat1 verilir. Oyun tamamlandiginda
kullanict ne 6lgiide OKV kullandigina dair geri bildirim alir. Oyundaki klinik
senaryolar, klinisyenler tarafindan tasarlanmis ve yinelemeli olarak gdzden geci-
rilmistir. Kullanilabilirlik testleri, oyunun kullanima uygun oldugunu ve katilim-
cilarda orta ila iyi diizeyde ilgi sagladigini gostermistir.

Anahtar Kelimeler: Ortak Karar Verme, Ciddi Oyunlar, Klinik Karar Verme.

Serious Games for Shared Decision Making

Abstract. Shared Decision Making (SDM) aims to ensure that clinical decisions
are compatible with patient preferences by better informing and involving pa-
tients in the decision-making process. Despite its potential benefits, SDM has
significant organizational barriers such as limited times available for patient con-
sultation and a lack of awareness about the steps of SDM. This work aims to
increase the awareness and familiarity of clinicians to SDM by using serious
games. We propose a dialogue-based game that simulates a typical clinical ex-
amination of a patient. The user is given opportunities to engage in SDM in var-
ious stages of the examination and receives feedback about the extent of SDM
involved in the process. The clinical scenarios used in the game have been de-
signed and iteratively reviewed by clinicians. An initial usability test showed that
the game was convenient to use and provided a moderate to good level of interest
in the participants.

Keywords: Shared Decision Making, Serious Games.
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1 Giris

Birgok hastalik i¢in tiim hastalara onerilebilecek ve her agidan iyi olan tek bir tedavi
alternatifi yoktur. Boyle durumlarda, en iyi tedavi alternatifini, hastanin kisisel durumu
ve tercihleri belirlemektedir. Ornegin, kas-iskelet agris1 geken bir hastaya 6nerilecek
tedavi alternatifleri anti-enflamatuar ilaglar, fizik tedavi, egzersiz, cerrahi miidahale ve
bunlari kombinasyonlarini igerebilir. Bu durumda bir hasta i¢in en uygun tedaviyi has-
tanin ise ne kadar cabuk geri dénmesi gerektigi, tedaviye ulagsma zamani, uzun siiren
tedavilere ayirabilecek ne kadar zaman ve maddi kaynaginin olmasi gibi tercihleri be-
lirler.

Ortak Karar Verme (OKV) klinik karar siirecinde, hasta ve doktorun karara ortak
katkisini ifade eder [1, 2]. OKV siirecinde, doktor tedavi alternatifleri ve olasi etkileri
hakkinda kanita dayali bilgiler saglayarak, hasta ise kendi tercihlerini sunarak karara
ortak katki yapar. OKV’de hastanin karar vermeye ne kadar katilacagi, duruma gore
degisebilir. Bazi durumlarda, hastay1 bilgilendirmek veya hasta tercihlerini anlamak 6n
plana gegebilir. Son karar verici, hastaligin tipine ve hasta tercihine gore doktor veya
hasta olabilir.

OKYV ve hastanin karar verme siirecine dahil olmasinin ¢iktilari iyilestirdigine iliskin
kanitlar mevcuttur [2-4]. OKV’nin daha yaygin uygulanabilmesi igin klinisyenlerin
OKYV asamalar ve gereksinimleri hakkindaki farkindaliginin artmas: gerekir. Bu agi-
dan bilgisayar oyunlari ve egitim amaciyla kullanilan ciddi oyunlar 6nemli bir kaynak
sunmaktadir. Saglikta ciddi oyunlarin kullanim1 yayginlagmaktadir. Saglik personelinin
egitimi ve hastalarin 6z yonetimi basta olmak {izere birgok saglik alaninda ciddi oyunlar
gelistirilmistir [5].

Bu galismada OKV farkindaliginin artirilmasi igin bir oyun gelistirilmistir. Bu oyun
ii¢ konugma OKV modelini [6] ve nesnel yapilandirilmis klinik siav (objective struc-
ture clinical examination — OSCE) yapisini temel almaktadir. OSCE’de 6grenciler sanal
bir hasta senaryosu hakkinda uygulama yapmakta, 6grencilerin verdigi kararlar ve kul-
landig1 beceriler gézlemlenmektedir. Calismada gelistirdigimiz oyun, kullaniciya ger-
¢ekei bir hasta muayene senaryosunu simiile etmekte, kullaniciya degisik OKV agama-
larina girmek hakkinda firsatlar sunmaktadir. Oyun tamamlandiginda OSCE prensiple-
rine gore kullaniciya OKV hakinda geri bildirim verilmektedir. Gelistirdigimiz oyunda
kas-iskelet rahatsizligina sahip hasta senaryolar1 simiile edilmistir ve oyun Physioinfor-
med olarak adlandirilmistir. Oyun uzman fizyoterapistlerle yinelemeli olarak gelistiril-
mistir, oyunun kullanilabilirligi incelenmistir.

2 OKY icin Physioinformed Oyunu

Physioinformed oyunu Unity (Unity Technologies, version LTS 2021.3.1f1) oyun mo-
toru kullanilarak yapilmistir. Unity 2-boyutlu ve 3-boyutlu oyun gelistirmeye uygun bir
oyun motorudur. Baska oyun gelistiricilerin paylastig1 kaynak ve paketlerin kullanil-
masma olanak saglar. Physioinformed gelistirilirken, diyaloglar ink, animasyonlar
DOTween sistemi kullanilarak hazirlanmistir. Oyundaki 3-boyutlu modeller igin
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Hospital Medical Office Kit unity paketi, Artstation ve Adobe Mixamo, 2-boyutlu mo-
deller i¢in flaticon ve Adopbe Photoshop kullanilmugir.

Sekil 1. Physioinformed oyunu opsiyon konusmasi asamasindan ekran goriintiisii

Oyunda kullanic1 doktor roliinii listlenmekte, hasta bilgisayar tarafindan yonetilen
oyuncu olmayan karakterdir (non player character — NPC). Oyun hastanin doktoru zi-
yareti ile baslamaktadir. Baslangicta hasta gecmisiyle ilgili yazili bilgi sunulmakta ve
bu yazinin okunmasindan sonra hasta ile diyaloga baslanmaktadir. Oyun boyunca, di-
yalog siireci tiglii konusma OKV modeline [6] gore ilerlemektedir. Oyundaki hasta se-
naryosu ve NPC ve kullanicin1 diyalog segenekleri fizyoterapi ve karar-verme konu-
sunda uzman iki akademisyenle hazirlanmis ve gézden gegirilmistir (Sekil 1).

Sekil 2. Basarilar Paneli

Oyundaki diyalog {i¢lii konusma modeline uygun bigimde ii¢ agamada ilerlemekte-
dir. Ik asamada, diyalog hastay1 ve durumunu daha iyi tanimak temasi iizerine ilerle-
mektedir. Tkinci asamada, diyalog tedavi alternatifleri ve bunlarin avantajlari ila deza-
vantajlar1 hakkinda hastaya bilgi vermeye odaklanmaktadir. Ugiincii asamada hastayla
tedavi alternatifleri degerlendirilmekte ve karar verilmektedir. Kullanici oyunun her
asamasini kismen ve tamamen atlayabilir. Oyun klinik bilgiyi ve teshis becerisini
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smama amagli degildir. Bu sebeple kullanicidan bunlar hakkinda muhakeme yapmasi
beklenmemektedir. En son karar verildiginde oyun bitmekte ve kullanictya OKV hak-
kinda geri bildirim yapilmaktadir (Sekil 2).

3 Degerlendirme ve Sonug

Nitel degerlendirme i¢in fizyoterapi ve OKV konusunda uzman iki akademisyenle yar1
yapilandirilmis goriismeler yapilmistir. Goriismelerden 6nce bilgilendirme yapilmus,
etik izin ve goniilli onay alinmis, katilimeilara oyunu dnceden incelmeleri igin firsat
saglanmistir. Gorlismeler kayit altina alinmug ve yaziya dokiilmistiir. Goriismelerin in-
celendikten sonra, oyunda iyilestirmeler yapilmistir. Iyilestirmeler su basliklar altinda
Ozetlenebilir: oyunun amacinin netlestirilmesi, oyun siiresinin kisaltilmasi, oyun akisi-
nin esnekliginin artirilmasi, se¢imler arasindaki farklarin daha belirgin hale getirilmesi,
kilit noktalarin/tercihlerin siralamasi, ifadelerin netlestirilmesi, oyunun sonunda &zet
ve basart listesi sunulmasi, karar konusma adiminin basitlestirilmesi. Bunun yaninda
katilimcilar oyun meniileri ve segeneklerindeki gorsel kullanilabilirligin artirilmasi i¢in
geribildirimler vermistir.

Nicel degerlendirme igin oyunu oynayan 20 kisiye Sistem Kullanilabilirlik Olgegi
(System Usability Scale — SUS) ve icsel Motivasyon Olgegi (Intrinsic Motivation Scale
— IMI) olgekleri yapilmigstir. Kullanicilarin ortalama SUS kullanilabilirlik skoru
74.5’tir. IMI'nin ilgi/keyif ve deger/kullanighilik alt 6lgeklerinin her ikisindeki ortalama
skorlar 4.4’tiir. Nitel ve nicel degerlendirmeler, Physioinformed oyunun yeterli kulla-
nilabilirlige sahip oldugunu géstermektedir.
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Abstract:

Immune checkpoints are surface proteins of the immune system cells that
regulate and control the immune response. Immune checkpoint inhibitors (ICI)
are current paradigm-changing antibody-based treatments for personalized
medicine, allowing the modulation of anti-tumor immune responses depending
on the patient-derived tumor cell properties. Personalization of this information
could control the side effects of the ICI therapy and provide precision
treatments to individual patients. By understanding the genetic makeup of each
patient’s tumor, clinical use of immune checkpoint inhibitors could unleash
cytotoxic cells targeting cancer. Several members of the VSTM (V-set and
transmembrane domain-containing protein) gene family are known to have
functions in immune system regulatory mechanisms, including regulation of
cytokines, antigen processing and presentation. Immune checkpoint function of
a member of the VSTM family has been investigated under current clinical
studies. However, ligands of several VSTM family proteins have yet to be
identified. In this extended abstract, we review the literature on VSTM family
proteins, and present the preliminary results on the investigation of the potential
ligands for the VSTM gene family among cytotoxic cells of the innate immune
system using molecular docking. Our results suggest that VSTM3 and VSTM5
proteins potentially interact with similar natural cytotoxicity receptors of NK
cells.

Keywords: Immune checkpoint, VSTM, Molecular Docking, Natural Killer
cell, cytotoxicity receptors

1 Overview of the VSTM Gene Family:

Members of the VSTM (V-set and transmembrane domain-containing protein) gene
family have reported functions to regulate the immune system. These genes are highly
conserved, suggesting that they are critical for immune system function. VSTM genes
have been revealed to be important in both innate and adaptive immunity in numerous
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animals, including humans. VSTM1 (V-set and transmembrane domain-containing
protein-1) have two main isoforms: VSTM1-vl and VSTM1-v2 [1]. Most human
peripheral blood granulocytes and monocytes express VSTMI1-vl, which was
identified as a neutrophil and monocyte expressed inhibitory Immunoglobulin
superfamily receptor. VSTM-v1 has two ITIM motifs and an Ig-V domain [2]. As a
secretory protein, VSTM1-v2 differs from VSTM1-v1 primarily by being devoid of the
transmembrane domain. VSTM1-v2 is classified as a cytokine and is mostly expressed
in immune cells [3]. As a soluble extracellular protein, VSTM2L has been identified as
being specifically expressed in the central nervous system [4]. Interleukin-4 (IL-4)
signaling is found to be regulated by VSTM2L, and its expression is correlated with
tumor cell infiltration, tumor mutation burden (TMB) and microsatellite instability
(MSI). Low survival has been linked to elevated VSTM2L expression in stomach
cancer patients [5]. Moreover, it has been demonstrated that aberrant VSTM2L
expression is linked to MHC molecule expression and MSI in different cancers,
whereas high VSTM2L expression promotes cancer cell proliferation and prevent
apoptosis through the IL-4 signaling pathway [6]. The most studied VSTM family of
receptors is the cell immunoreceptor with immunoglobulin and ITIM domain (TIGIT
or VSTM3). TIGIT has an immunomodulatory effect and under clinical studies as an
immunotherapy target [7]. T and NK cells' functions are known to be downregulated
by the immunomodulatory receptor TIGIT, which is expressed on immune cell surface,
in particular natural killer (NK) and T cells. Two of TIGIT ligands, CD155 (PVR) and
CD112 (PVRL2, Nectin-2) are expressed by antigen-presenting cells and tumor cells,
respectively. Interleukin-10 is produced when TIGIT attaches to PVR on human
dendritic cells [8], [9]. The transmembrane protein VSTM4 has a signal peptide, the Ig
domain in its extracellular region, and a putative ITIM and ITSM motifin its cytoplasm.
A VSTM4 fragment called peptide Lv is known to stimulate L-type voltage-gated
calcium channels and have biological effects that are comparable to those of vascular
endothelial growth factor (VEGF) [10]. Earlier studies have demonstrated that the
VSTM4-Fc construct binds and significantly reduces the production of inflammatory
cytokines by T cells, including IFN-gamma, IL-2, and IL-17, suggesting an immune
inhibitory function [11]. The ITIM motif present in the cytoplasmic region of VSTM4
may be responsible for the inhibition of inflammatory cytokine release by T cells. The
last family member of the VSTM family, a 200 amino acid long type-1 integral
membrane protein with SLAM and Ig domains with an N-terminal signal peptide is
referred to as VSTMS5 [12]. It was previously shown that VSTMS5 had no impact on T
cell activation because it was dispersed throughout the T cell microvilli stem area and
was not confined to the tips of these microvilli on immunological synaptosomes [13].
In recent research using T cells isolated from mouse spleen, flow cytometry analyses
after T cells were stained with CFSE revealed that, VSTMS5 substantially reduced T cell
division and lowered IL-2 production in a dose-dependent fashion. Further research
demonstrated that VSTMS5 expression suppressed both T and B cell responses, as well
as contributing to the anergy of T cells [14].

2 Molecular Docking:

The molecular docking technique is an efficient computational approach that
indicates the possible interactions between biomolecules and chemical compounds.
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While protein-protein docking is a subclass of this efficient method, it provides reliable
but preliminary data about the interactions between protein interfaces. One of the most
prominent protein-protein docking techniques is HADDOCK (High Ambiguity Driven
protein-protein docking. HADDOCK associated computations provide two distinct
scores which are HADDOCK Score and Z-score. Negative scores suggest increased
possibility of binding affinities between the proteins and the reliability of the data
respectively. The immune checkpoint function of VSTM3-TIGIT has been previously
published [8] and currently under evaluation as a new checkpoint in cancer treatments.
In our study, various immune cell receptors such as 2DL2, FC-Gamma, 2DL4,
KIR2DS2, NKG2A, PVR (CD155), Nkp30 and NKp46 have been docked to VSTM
protein family through HADDOCK protocol and results were summarized (Table 1).
The results suggest that VSTM3 and VSTMS proteins exhibit similar binding affinity
to the natural cytotoxicity receptors investigated, unlike VSTMI1, VSTM2, and
VSTM4. These results also suggest possible shared immune checkpoint function of
VSTMS, through high structural similarity and binding profile of VSTM3. Although
further confirmation of results was needed with in vitro and in vivo studies, our results
point to VSTMS, as a significant potential drug target for immune checkpoint
associated cancer treatments.

Table 1. HADDOCK and Z-scores of VSTM family protein binding prediction to selected
natural cytotoxicity receptors

VSTM Family Protein Name HADDOCK Score Z-Score
VSTM 1 NK2DL2 112.1+4/-27.5 -1.7
Fc-Gamma Receptor IlI 12.1+/-7.5 -2.2
NK2DL4 117.2 +/-19.2 -1.7
KIR2DS2 110.8 +/- 14.9 -2.2
NKG2A 70.0 +/- 20.8 -1.6
NKp46 80.7 +/- 8.1 -1.8
VSTM 2 NK2DL2 107.0 +/-22.1 -1.5
Fc-Gamma Receptor Il 92.6 +/-10.4 -2.0
NK2DL4 121.1+/-33.4 -1.9
KIR2DS2 129.1+/-15.7 -2.3
NKG2A 161.4 +/- 20.3 -1.4
NKp46 121.5+/-11.8 -2.1
VSTM 3 NK2DL2* -34.5 +/- 10.9 -1.1
Fc-Gamma Receptor I1I* -56.2 +/- 5.4 -1.7
NK2DL4* -41.1+/-9.9 -1.4
KIR2DS2* -38.6 +/- 12.1 -1.4
NKG2A* -65.0 +/-4.3 -2.1
NKp46* -72.9+/-2.4 -2.0
PVR (CD155)* -26.2 +/- 10.8 -2.1
VSTM 4 NK2DL2 151.9 +/- 16.6 -1.6
Fc-Gamma Receptor Il 106.3 +/- 3.6 -1.8
NK2DL4 138.7 +/- 16.0 -1.9
KIR2DS2 184.8 +/- 21.5 -1.8
NKG2A 150.7 +/- 10.9 -1.8
NKp46 141.8+/-7.7 -1.9
VSTM 5 NK2DL2* -28.2+/-6.0 -2.1
Fc-Gamma Receptor I1I* -35.3+/-11.9 -1.7
NK2DL4* -14.3+/-17.8 -15
KIR2DS2 25.0 +/-50.8 -13
NKG2A* -73.7+/-11.3 -25
NKp46* -43.4+/-17.4 -1.3

*significant scores are shown in bold.
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Abstract. In this paper, we implemented an information extraction pipeline on
COVID-19-related articles and extracted any entity related to "cause of death",
"symptoms", "drug", and "cure" according to its Wikipedia class. Then we ex-
tracted the relationships between those entities and plotted the knowledge graph
using Cytoscape. We used 20,000 abstracts from different articles on PubMed
and we got 323 entities and 2112 relationships. We did statistical analysis on the
resulting graph and changed its layout to a more meaningful one. According to
our results, we believe that we can use Knowledge Graphs along with entities
extraction as a summarization and interpretation tool, and combined with other
algorithms we can use it to suggest new medications for a specific disease.

Keywords: information extraction, knowledge graph, network analysis, covid-
19

1 Introduction

A knowledge graph [1] (KG) is an abstraction used in knowledge representation to
encode knowledge in one or more domains by representing binary relationships or re-
lationships with literal values that connect these entities. We can consider KG as a di-
rected labeled multi-graph, where nodes represent entities or literals and labeled edges
represent specific relationships between entities. We can extend the KG by adding new
relationships by link prediction or knowledge graph completion. Using logical infer-
ence, we can add new facts to our graph, and using KG embeddings is useful for link
prediction. To construct the knowledge graph we need nodes and edges where we can-
not extract them directly from unstructured data, texts in our case, and we have to pre-
process it first. As Tomaz Bratanic did in [2], we used an extraction pipeline, which
consists of the following steps: Coreference Resolution, Named Entity Linking, Rela-
tionship Extraction, and constructing the Knowledge Graph. The coreference resolution
is the task of finding all expressions that refer to a specific entity. It links all the pro-
nouns to the referred entity. Named Entity Linking extracts all the mentioned entities
and connects them to a target knowledge base and it deals with entity disambiguation.
After the second step, we get the entities without connections between them. The third
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step, relationship extraction, infers relationships between entities that make sense based
on the text’s context. The last step is the knowledge graph where we draw the entities
and the relationships between them. The extraction pipeline is shown in Figure 1.

2 Material and Methods

The methodology we employed in this study was inspired by the procedures outlined
in [2], however, it was adapted to suit our dataset and research goals.

2.1 Dataset

We collected abstracts from a large number of scientific articles, specifically 20,000
articles, that were available on PubMed. The abstracts we collected had COVID-19 as
a main topic. These abstracts served as the basis for our experiments.

2.2 Preprocessing

Conference resolution is the process of identifying and linking words or phrases in a
text that refer to the same entity in the real world [3]. We can consider coreference
resolution as a preprocessing step that is essential to extract the entities probably and it
is more important for extracting the relationships. Before applying conference resolu-
tion, we split the text into sentences and removed the punctuation marks. We used the
Neuralcoref model that runs on top of SpaCy framework [4] to implement conference
resolution in Python. Neuralcoref uses an artificial neural network (ANN) to annotate
and resolve conference clustering.

2.3  Named Entities Linking

To extract named entities from each abstract, we used the free Wikifier API [5]. Each
entity the Wikifier extracts has many classes (labels) and in our experiments, we ex-
tracted the entities that have “cause of death”, “symptoms”, “drug” or “cure” as one of
their classes. Wikifier extracts only the entities that exist in Wikipedia so it will not

recognize any entity that Wikipedia does not have.

2.4  Relationship Extraction

We extracted relationships between pairs of the entities we got in the previous step.
We used OpenNRE [6] project in order to do the extraction. OpenNRE is an open-
source and extensible toolkit that provides a unified framework to implement relation
extraction models. It has five models, where three of them trained on Wiki80 dataset
and two of them trained on TACRED dataset. The models trained on Wiki80 can infer
80 different relationships and they can be used with two different encoders: convolu-
tional neural network (CNN) encoder and Bidirectional Encoder Representations from
Transformers (BERT) [7]. In our experiment, we used the model with BERT encoder.

14. Tip Bilisimi Kongresi Bildiriler Kitabi
Proceedings of 14th Turkish Congress of Medical Informatics
16-18 Mart 2023 / 16-18 March 2023

163



. 3 q Coreference 3 Named Entity > > ge Graph
= = i Linking Extraction Construction

Fig. 1 The applied knowledge extraction pipeline

The input to the model is the text and the positions of the two entities we are trying to
extract the relationship between them. The output is the relationship and a confidence
score where we selected the relationships with a confidence score of more than 90%.
The result of this step is relationships between entities. We saved the data in a CSV file
with five columns: source entity, source entity label, target entity, target entity label,
and relationship.

2.5  Visualizing the Knowledge Graph

In the last step, we got a CSV file containing the entities, their labels, and the rela-
tionships between them. The entities represent nodes and the relationships represent
edges between those nodes. The labels on the other hand are attributes for the nodes we
have. We used Cytoscape [8] Desktop program to create the network from the data we
have by importing the CSV file into the program. The resulting network had 323 unique
nodes with 2112 edges.

2.6 Results and Discussion

We tried to understand the whole graph and do statistical calculations on it. First, we
changed the layout to Organic layout. The resulting network is in Figure 2. We can
notice that some nodes are clustered together according to their statistical values and
they are connected logically as well. For example, Figure 3 shows clustered nodes to-
gether and we can notice that all of them are drugs. Figure 4 has a symptom of COVID-
19 and most of the nodes surrounding it are treatments for it. Out of the 323 extracted
entities, which represent 20,000 different abstracts, we chose 15 entities by selecting
the 15 ones with the highest In and Out Degree. The result is in Figure 5. We notice
that those 15 nodes have:

e Diseases as a complication of COVID-19: Pneumonia, respiratory failure,
stork, myocardial infarction, and acute respiratory distress syndrome
e Some of the medications used or might be used in treating the diseases
caused by COVID-19: antibiotics like Azithromycin, Chloroquine, and
Remdesivir
Figure 6 has more medications where we got this sub-network by taking the top-10
nodes according to their density of maximum neighborhood component (DMNC) using
cytoHubba [9] application inside Cytoscape.
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Fig. 2. The knowledee eranh extracted from 20.000 abstracts.

Fig. 3. Medicines automatically clustered.

iy

Fig. 4. A symptom of COVID-19 and some treatments for it.
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Fig. 5. COVID-19 with some of the diseases it causes and their medications extracted by getting
the 15 nodes with the highest In and Out Degree.

COVID-19 pandemic

Pneumonia Respiratory failure Venetoclax Ibrutinib

Fig. 6. Medications related to COVID-19 extracted by getting the top 10 nodes according to their
DMNC values.

3 Conclusion

In this project, we extracted the entities and their relationships from 20,000 abstracts
about COVID-19. We got 323 entities connected with 2112 relationships. The relation-
ship quality was not good. However, we were able to draw the graph in a meaningful
way and we clustered similar entities together by using social network analytic tools
and statistical values. In addition, we extracted the most important entities and their
relationships according to their statistical values, like In and Out degree and Density of
Maximum Neighborhood Component values. We got help from a doctor in understand-
ing some parts of the graph and the sub-networks we referred to earlier. Nevertheless,
a team of specialists in COVID-19 disease can understand the full graph and its useful-
ness. If the graph got approval in terms of correctness and usefulness, we encourage
doing the same process on all of the COVID-19 papers and then implementing graph
completion algorithms on it to get suggestions for new medications that researchers
might not be aware of, because of the huge number of articles and papers that no one
can track manually.

Talking about the massive number of articles and papers, we saw that the extracted
knowledge graph, especially the sub-graphs extracted according to some features, rep-
resent a summary of the 20,000 abstracts where they contain the most important entities
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and their connections which the specialist can understand easily and in a short time. In
addition to that, the proper visualization of the graph made it easier to figure out the
relationships between entities that might lead to finding cures or understanding the topic
more in a short time.
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Kolorektal Kanser Karaciger Metastazi1 Patolojisinde Farkh Sekilde Eksprese Edilen
mikrorna’larin Belirlenmesi ve Aday Biyobelirteclerin Makine Ogrenimi Yontemleriyle
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Amagc: Kolorektal kanser (KRK) diinya capinda en yaygin {iiglincii kanserdir (tiim kanser
vakalarmin %10,2'si) ve ikinci en yaygin kanserden 6liim nedenidir. Son yillarda, cerrahi,
adjuvan kemoterapiler ve palyatif tedaviler dahil olmak lizere teshis teknikleri ve tedavi
stratejilerinin gelismesi nedeniyle KRK'nin 6liim orani azalmistir. Bununla birlikte, timor
metastazi, KRK tedavisi ve prognozunda en biiylilk engel olmaya devam etmektedir.
Karaciger metastazi en yaygin uzak yayilim bolgesidir ve KRK hastalarinin yaklasik %15-
25'inde birincil tant aninda uzak metastaz goriiliir. Bu nedenle biiyiik halk sagligi problemi
olan KRK in fizyolojisini anlayip prognoza etkiyen metastazlari iizerine nedenleri ortaya
koyarak tedevi stratejilerini belirlemek olduk¢a 6nemlidir. Bu calisma, agik erisimli KRK
olup karaciger metastazi olan ve olmayan hastalara ait gen ekspresyon verilerinin makine
O0grenmesi yontemlerinden XGboost yontemi kullanilarak smiflandirilmasini ve metastaza

neden olabilecek onemli genlerin belirlenmesini amaglamaktadir.

Yontemler: Calismada KRK olup karaciger metastazi olan ve olmayan hastalarinin acik
erisimli microRNA ekspresyon verileri kullanildi. Mevcut arastirma geriye doniik bir vaka
kontrol ¢aligmasidir. Bu amagla, 10 karaciger metastazi olan 10 olmayan kolorektal kanser
hastasmim doku 6rneginden elde edilen veriler dahil edilmis ve on kat ¢apraz dogrulama
yoluyla smiflandirma i¢in XGboost modeli olusturulmustur. Model performanst igin
dogruluk, dengeli dogruluk, duyarhilik, secicilik, pozitif tahmin degeri ve negatif tahmin

degeri performans metrikleri degerlendirildi.

Bulgular: Ozellik secim yontemine gore 23 microRNA secilmis ve bu girdi degiskenleri ile

modelleme yapilmistir. XGboost modelinden elde edilen dogruluk, dengeli dogruluk,
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duyarlilik, 6zgiilliik, pozitif prediktif deger, negatif prediktif deger ve F1 skoru swrastyla %95,
%95, %90, %100, %100, %90.9, %94.7 idi. XGboost'tan elde edilen degisken 6nemlilik
degerleri bulgularina dayanarak, microRNA 4306, microRNA 2115, microRNA4708 metastaz
ile iligkili olup bunlar prognostik faktdr olabilir ve hastalik i¢cin biyobelirte¢ olarak

kullanilabilirler.

Sonu¢: Arastirma sonucunda, makine &grenmesi temelli tahmin yaklasimi ile KRK olup
karaciger metastazi olan hastalar i¢in icin olasi biyobelirte¢ olabilecek mikroRNA lar
belirlendi. Elde edilenRNA larin giivenilirligi sonraki arastrmalarda klinik olarak
dogrulandiktan sonra, bu RNA lara dayali olarak terapotik prosediirler olusturulabilir ve

bunlarin klinik pratikteki yararlar1 belgelenebilir.

Anahtar kelimeler: Kolorektal kanser, karaciger metastazi, microRNA, ekspresyon, makine

6grenmesi, XGBoost.
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Determination of Differently Expressed MicroRNAs in the Pathology of Colorectal
Cancer Liver Metastasis and Detection of Candidate Biomarkers by Machine Learning

Methods

Zeynep KUCUKAKCALI', Sami AKBULUT"*?, ipek BALIKCI CiCEK', Cemil
COLAK'

1:Department of Biostatistics and Medical Informatics, Inonu University Faculty of
Medicine, 44280, Malatya, Turkey

2:Department of Surgery, Inonu University Faculty of Medicine, 44280, Malatya,
Turkey

3:Department of Public Health, Inonu University Faculty of Medicine, 44280, Malatya,
Turkey

Objective: Colorectal cancer (CRC) is the third most common cancer (10.2% of all cancer
cases) and the second most common cause of cancer death worldwide. In recent years, the
mortality rate of CRC has decreased due to the development of diagnostic techniques and
treatment strategies, including surgery, adjuvant chemotherapies, and palliative treatments.
However, tumor metastasis remains the biggest obstacle to CRC treatment and prognosis.
Liver metastasis is the most common site of distant spread, and approximately 15-25% of
patients with CRC have distant metastases at the time of primary diagnosis. For this reason, it
is very important to understand the physiology of CRC, which is a major public health
problem, and to determine the treatment strategies by revealing the causes on the metastases
that affect the prognosis. This study aims to classify gene expression data of patients with
open access CRC, with and without liver metastasis, using the XGboost method, one of the

machine learning methods, and to identify important genes that may cause metastasis.

Methods: Open access microRNA expression data of patients with CRC with and without
liver metastases were used in the study. The current research is a retrospective case-control
study. For this purpose, data from tissue samples of 10 patients with liver metastases and ten
colorectal cancer patients without liver metastases were included and the XGboost model was
created for classification by tenfold cross-validation. For model performance, accuracy,
balanced accuracy, sensitivity, selectivity, positive predictive value and negative predictive

value performance metrics were evaluated.

Results: According to the feature selection method, 23 microRNAs were selected and

modeled with these input variables. The accuracy, balanced accuracy, sensitivity, specificity,
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positive predictive value, negative predictive value, and F1 score obtained from the XGboost
model were 95%, 95%, 90%, 100%, 100%, 90.9%, 94.7%, respectively. Based on the variable
importance findings from XGboost, microRNA 4306, microRNA 2115, microRNA4708 are
metastasis-associated microRNAs, which may be prognostic factors and be used as

biomarkers for disease.

Conclusion: As a result of the research, microRNAs that could be a possible biomarker for
patients with CRC and liver metastases were determined with a machine learning-based
prediction approach. Once the reliability of the obtained RNAs has been clinically confirmed
in subsequent research, therapeutic procedures can be established based on these RNAs and

their utility in clinical practice documented.

Key words: colorectal cancer, liver metastasis, microRNA, expression, machine learning,

XGBoost.
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Rahim Agz1 Kanserinin IncRNA Ekspresyon Verisi Kullanilarak Belirlenmesi ve Olasi

Biyobelirteclerin Bagged CART Makine Ogrenimi Yontemi ile Tespiti
ipek Balikq1 Cicek”, Zeynep Kiiciikak¢ah®, Cemil Colak®

*Inonu University, Faculty of Medicine, Department of Biostatistics and Medical

Informatics, 44280 Malatya, Turkey.

Amag: Rahim agzi kanseri ya da tibbi adiyla serviks kanseri, rahmin serviks (boyun) ad1
verilen alt kismindaki hiicrelerde goriiliir ve diinyada en sik goriilen jinekolojik kanserlerin
basinda gelir. Serviks kanseri, kadinlarda goriilen kanserlerin gelismemis tilkelerde %15 ini,
gelismis iilkelerde ise %3.6’sm1 olusturmakta ve kanserin sebep oldugu kadin 6liimlerinde de
dordiincii sirada yer almaktadir. Bu Sliimlerin %85’inden fazlas1 gelismekte olan iilkelerde
gorilmektedir. Her yil yaklagik 569 bin kadmna serviks kanseri tanisi kondugu ve 311 bin
kadmim serviks kanseri nedeniyle oldiigii bildirilmektedir. Serviks kanseri sebebiyle
gerceklesen oliimlerin  sayisini  azaltmanin  yolu erken teshistir. Ozellikle tarama
programlarinin bulunmadig1 iilkelerde bu kanser tiiriinii erken teshis etmek ve etkili tedaviye
baslamak hayatta kalma olasiligin1 6nemli 6lclide artrmaktadir. Bu nedenle diinyada her
gecen giin artan hasta ve Oliim sayist nedeniyle serviks kanserinin tespiti igin bilgisayar
tabanli giivenilir bir sisteme sahip olunmasi 6nerilmektedir. Bu tiir bir sistemi uygulamak i¢in
makine dgrenimi algoritmalar1 en uygun olabilir ve serviks kanserini erken asamada kolayca
tespit edebilirler. Bu dogrultuda bu c¢aligmada, agik erisimli serviks kanseri olan ve
parakanser6z dokulara sahip hastalara ait IncRNA ekspresyon verilerinin makine 6grenmesi
yontemlerinden Bagged CART yOntemi kullanilarak smiflandirilmasi ve kansere neden

olabilecek IncRNA’larin belirlenmesi amaglanmaktadir.

Yontemler: Calismada serviks kanseri olan ve olmayan hastalarmin agik erisimli IncRNA
ekspresyon verileri kullanildi. Veriler 9 serviks kanseri olan 9 parakanserdoz dokulara sahip
hastasinin doku Orneginden olugsmaktadir. Veriye bes kat capraz dogrulama uygulanarak
smiflandirma i¢in Bagged CART yontemi kullanilmistir. Model performansit dogruluk,
dengelenmis dogruluk, duyarlilik, secicilik, pozitif tahmin degeri, negatif tahmin degeri ve

F1-skoru performans metrikleri ile degerlendirilmistir.

Bulgular: LASSO 6zellik se¢im yontemi kullanarak 14 IncRNA sec¢ilmis ve bu degiskenler ile
modelleme yapilmigtir. Bagged CART modelinden elde edilen dogruluk, dengelenmis
dogruluk, duyarlilik, segicilik, pozitif tahmin degeri, negatif tahmin degeri ve F1-skoru

sirastyla %94.4, %94.4, %100, %88.9, %90, %100, %94.7 bulunmustur. Bagged CART
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yonteminden elde edilen Onemlilik degerleri dikkate alindiginda, RP11-80I115.4, RP11-
18316.2, AC144525.1, RP11-129B22.1, RP11-389K14.3 IncRNA’lar1 serviks kanser ile

iligkili olas1 biyobelirtecler olarak bulunmustur.

Sonug: Sonug¢ olarak, bu calisma ile makine O0grenmesi yontemi olan Bagged CART
kullanilarak serviks kanser i¢in potansiyel biyobelirte¢ olabilecek IncRNA’lar belirlenmistir.
Gelecekte yapilacak daha kapsamli analizlerle kesfedilen IncRNA’larin giivenilirligi
degerlendirilebilir, klinik kullanimlar1 detaylandirilabilir ve buradan yola ¢ikarak serviks

kansere iligkin tedaviler gelistirilebilir.

Anahtar Kelimeler: Serviks kanser, IncRNA, ekspresyon, makine 6grenmesi, Bagged CART
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Detection of Cervical Cancer Using IncRNA Expression Data and Detection of Possible

Biomarkers with Bagged CART Machine Learning Method
ipek Balike Cicek®, Zeynep Kiiciikak¢ah®, Cemil Colak®

*Inonu University, Faculty of Medicine, Department of Biostatistics and Medical

Informatics, 44280 Malatya, Turkey.

Objective: Cervical cancer, is seen in the cells in the lower part of the uterus called the cervix
(neck), and is one of the most common gynecological cancers in the world. Cervical cancer
constitutes 15% of cancers seen in women in underdeveloped countries and 3.6% in
developed countries and ranks fourth in female deaths caused by cancer. More than 85% of
these deaths occur in developing countries. It is reported that approximately 569 thousand
women are diagnosed with cervical cancer every year and 311,000 women die due to cervical
cancer. The way to reduce the number of deaths from cervical cancer is early detection.
Especially in countries where screening programs are not available, early detection of this
type of cancer and initiation of effective treatment significantly increases the probability of
survival. For this reason, it is recommended to have a reliable computer-based system for the
detection of cervical cancer due to the increasing number of patients and deaths in the world.
Machine learning algorithms may be most suitable for implementing such a system, and they
can easily detect cervical cancer at an early stage. Accordingly, in this study, it is aimed to
classify IncRNA expression data of patients with open-access cervical cancer and
paracancerous tissues using the Bagged CART method, one of the machine learning methods,

and to identify IncRNAs that may cause cancer.

Methods: Open access IncRNA expression data of patients with and without cervical cancer
were used in the study. The data consists of tissue samples from 9 patients with cervical
cancer and 9 patients with paracancerous tissues. The Bagged CART method was used for
classification by applying five-fold cross validation to the data. Model performance was
evaluated with accuracy, balanced accuracy, sensitivity, specificity, positive predictive value,

negative predictive value, and F1-score performance metrics.

Results: Using the LASSO feature selection method, 14 IncRNAs were selected and modeled
with these variables. The accuracy, balanced accuracy, sensitivity, specificity, positive

predictive value, negative predictive value, and F1-score obtained from the Bagged CART
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model were 94.4%, 94.4%, 100%, 88.9%, 90%, 100%, 94.7%, respectively. Considering the
importance values obtained from the Bagged CART method, RP11-80I15.4, RP11-18316.2,
AC144525.1, RP11-129B22.1, RP11-389K14.3 IncRNAs were found as possible biomarkers

associated with cervical cancer.

Conclusion: As a result, in this study, IncRNAs that could be potential biomarkers for
cervical cancer were determined by using the machine learning method, Bagged CART. With
more comprehensive analyzes to be made in the future, the reliability of the discovered
IncRNAs can be evaluated, their clinical use can be detailed, and treatments for cervical

cancer can be developed based on this.

Keywords: Cervical cancer, IncRNA, expression, machine learning, Bagged CART
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Analitik Hiyerarsi Siireci ve Veri Madenciligi
Teknikleriyle Hibrit bir Karar Destek Sistemi
Uygulamasi: Tam Kan Sayimi Degerleri ile Kovid19
Tamsi

1,2[0000-0001-7050-769X 10000-0002-6872-9901
Ahmet Bursali'2l 1. Asli Suner!! ]
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A Hybrid Decision Support System Application with
Analytic Hierarchy Process and Data Mining
Techniques: Diagnosis of Covid19 with Complete Blood
Count Values

Abstract. Data mining techniques significantly improve the accuracy of artificial intelligence-
based diagnostics. In this study, a feature selection method and methods that overcome the class
imbalance problem with data mining techniques were used to the complete blood count
(hemogram) values of Covid 19 patients. The analytic hierarchy process (AHP) method, one of
the multi-criteria decision-making approaches, was applied to the variables whose number was
reduced in the balanced data set. Using the AHP method and expert opinions, the priorities of the
variables achieved by machine learning were determined and a decision model was created with
publicly available data. A web application of this decision model was designed to deliver the
decision support system to end users. In addition, the usability of the decision support system and
user satisfaction were evaluated. With this decision support, it will be possible to predict the
status of the patient's Covid-19 disease with the results of the hemogram values, until the imaging
and PCR test results of a person who comes to the hospital with the suspicion of Covid-19 disease
were obtained. As a result, it may be possible to isolate the patient more quickly and administer
initial therapy.

Keywords: Covid19, Machine Learning, Imbalance Data, Feature Selection

Ozet. Veri madenciligi teknikleri, yapay zeka tabanli teshislerin dogrulugunu énemli &lgiide
arttirmaktadir. Bu ¢aligmada Kovid19 hastalarmin tam kan sayimi (hemogram) degerlerinde, veri
madenciligi teknikleri ile smif dengesizligi probleminin iistesinden gelen bir ozellik segimi
yontemi kullanilmigtir. Dengelenen veri setinde, sayisi azaltilan degiskenlere ¢ok kriterli karar
verme yaklagimlarindan biri olan analitik hiyerarsi siireci (AHP) yontemi uygulanmistir. AHP
yontemi ve uzman gorisleri kullanilarak makine Ogrenmesi ile elde edilen degiskenlerin
oncelikleri belirlenmis ve halka agik verilerle bir karar modeli olusturulmustur. Bu karar
modelinin bir web uygulamasi tasarlanarak karar destek sisteminin son kullanicilara ulastirilmasi
hedeflenmistir. Ayrica, karar destek sisteminin kullanilabilirligi ve kullanict memnuniyeti
degerlendirilmistir. Bu karar destegi ile hastaneye Kovid-19 hastalig: siiphesi ile gelen bir kisinin
goriintiileme ve PCR testi sonuglar1 elde edilene dek, hemogram sonuglart ile hastanin Kovid-19
olma durumu hakkinda tahminde bulunulabilecektir. Sonug olarak, hastanin daha hizl1 bir sekilde
izole edilmesine ve baglangi¢ tedavinin uygulanmasina imkan taninabilecektir.

Anahtar Kelime: Kovid19, Makine Ogrenimi, Dengesiz Veri, Oznitelik Secimi
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1 Giris

Yeni SARS CoV-2'nin neden oldugu Kovid-19, oncelikle Cin'de, daha sonra tiim
diinyada hizla yayilarak, diger iilkelerde olduk¢a &nemli bir saglik problemi haline
gelmigtir (1). Son zamanlarda, tam kan sayimi verilerini analiz etmek ve Kovid-19
enfeksiyonu siiphesi olan hastalarin taranmasina yardimei olmak amaciyla, yapay zeka
tekniklerinden 6zellikle makine 6grenmesi yontemi, hastaliin mortalitesi ve risk
tahmini ile ilgili ¢ok sayida aragtirmada tercih edilen bir yontemdir (2,3). Bu ¢alismada,
hastaneye Kovid-19 siiphesiyle gelen bir kiginin, goriintiileme ve PCR testi sonuglari
elde edilene dek, tam kan sayimi sonuglari kullanilarak, Kovid-19 olma durumu
hakkinda tahminde bulunan bir web tabanli karar destegi gelistirilmesi amaglanmustir.

2 Yontem

Calismanin uygulama agamalar1 Sekil 1’deki adimlarda tanimlanmustir. Brezilya'daki
acik bir veri tabanindan elde edilen tam kan sayimi degerlerine ait Kovid-19 hasta
verileri, iilkedeki iig farkl1 6zel saglhk hizmeti saglayicisindan elde edilmistir. Ug veri
seti birlestirilerek 5885 hasta verisi kullanilmustir.

Sekil 1: Caligmanin Uygulama Agsamalari

Kinear Dentoif Mool

‘ Algoritimalar

Memnunlyet Anket!

Web Uygulamasinin
sare Gelisiilmes
0

+

e - N

Veri 6nisleme adimi sonrasi 6znitelik se¢imi algoritmalarindan RFE-SVM (Recursive
Feature Elimination) algoritmast ile sinif dengesizligini gideren algoritmalardan ROS
(Random Over Sampling), RUS (Random Under Sampling), SMOTE (Synthetic
Minority Oversampling Technique), SMOTE-TOMEKLINK ve ADASYN (Adaptive
synthetic sampling) algoritmalar1 kullanmilmigtir. Veri seti dengeli hale getirildikten
sonra, veri setine literatiirde siklikla kullanilan siniflandirma algoritmalarindan Naive
Bayes, Destek Vektor Makineleri, Lojistik Regresyon, K — En Yakin Komsu, Karar
Agaclari, Rastgele Ormanlar, Yapay Sinir Aglart ve XGBOOST algoritmalari
uygulanmustir. Model gelistirme sirasinda, egitim ve test veri seti orant %70’e %30
olarak se¢ilmis, 10 katli ¢apraz dogrulama yontemiyle hiperparametre optimizasyonu
yapilarak egitilen modellerden tahmin yapilmistir. Algoritmalarin simiflandirma
performanslarinin karsilastirilmasinda; dogruluk, duyarlilik, 6zgiillik, kesinlik, F
skoru, Kappa, ROC hesaplanmistir. Algoritmalarin ¢alisma siireleri kaydedilmistir.
Oznitelik segimi sonrasinda belirlenen degiskenlerin, kriter dnceliklerinin belirlenmesi
amaciyla AHP yontemi uygulanmigtir. Kovid-19’un tani asamasina karar destegi
saglamak iizere, hizli ve pratik kullanim saglayan makine 6grenmesi ve AHP tabanli
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web uygulamasi i¢in R-Shiny kullanilmistir. Son agamada ise, sistem kullanilabilirilik
6lcegi (SUS) kullanilmis (4), sistemden memnuniyet ve beklentiler hazirlanan bir
online anket formuyla toplanmis ve sistem test edilerek son giincellemeler yapilmigtir.
Istatistiksel analizlerde R ve IBM SPSS Versiyon 25.0 kullamlmustir.

3 Bulgular

Bu caligmada, literatiirde yaygin olarak kullanilan en gilincel makine 6grenmesi
smiflandirma algoritmalarinin performanslar1 kiyaslanarak, en yiiksek performansa
sahip olan algoritma belirlenmistir. Heterojen bir hasta grubundan elde edilen tam kan
sayimi degerlerine dayali olarak (hematokrit (%), hemoglobin (g/dl), trombosit (ul),
ortalama trombosit hacmi (MPV) (f1), kirmiz1 kan hiicreleri (RBC) (ul), lenfosit (ul),
16kositler (ul), bazofiller (ul), eozinofil (ul), monosit (pl), ndtrofil (ul), ortalama
korpiiskiiler hacim (MCV) (fl), ortalama korpiiskiiler hemoglobin (MCH) (pg),
ortalama korpiiskiiler hemoglobin konsantrasyonu (MCHC) (g/dl), kirmiz1 kan hiicresi
dagilim genisligi (RBRDW) (%), % Bazofiller, % Eozinofiller, % Lenfositler, %
Monositler ve % Nétrofiller) SARS-Cov-2 ile enfekte olma durumunu (pozitif/negatif)
yiiksek dogrulukta tahmin edilmesini saglayan bir model ve buna iliskin bir web
uygulamasi (Sekil 2) gelistirilmistir. Bu amagla, makine 6grenmesi algoritmalar1 veri
on isleme yontemleri sonrasinda kullamilmis ve karar vermede etkisi olmayan
degiskenler 6znitelik se¢im yontemi olarak kullandigimiz RFE-SVM yontemiyle (5)
filtrelenip, daha sonra veri setindeki sinif dengesizligi problemi giderilmistir.
Kullanilan 6znitelik se¢imi yontemi ile degisken sayis1 azaltilarak ve makine 6grenmesi
yontemleri ile degiskenlerin 6nem diizeyleri belirlenmistir. Buna gére segilen tam kan
sayimi degerleri (Lokosit (/ul), Notrofil (/ul), Lenfosit (/ul), Monosit (/ul),
Eozinofil(/ul), Bazofil (/ul), Trombosit (/ul)) belirtilen algoritmalarda uygulanmustir.
Algoritmalarin  smiflandirma performanslarina  gére en iyi algoritma rastgele
ormanlardir (Dogruluk: 0,768, Duyarlilik: 0,570, Ozgiilliik: 0,890, Kesinlik: 0,761, F
skoru: 0,652, Kappa: 0,484, ROC: 0,823). Rasgele ormanlar algoritmasinin ¢alisma
hiz1 egitim zamam igin: 1,452 dakika iken, test zamam igin 0,036 dakika olarak
hesaplanmustir. Belirlenen yedi degisken icin dnceliklerin elde edilmesi amaciyla AHP
yontemiyle uzman goriisleri (enfeksiyon hastaliklari, halk sagligi, gogiis hastaligi, acil
tip, radyoloji ve i¢ hastaliklarr) alt1 uzman hekimden (yas: 55,83 + 6,55) elde edilmistir.
Karar destek modeline iligkin gelistirilen web uygulamasinin ana sayfa goriintiisii Sekil
2’de gosterilmistir. Uygulamaya erisim linki: http://185.106.208.185:3838 olup, web
uygulamasina iligkin goriintii asagidaki gibidir. Sistem kullanilabilirilik 6l¢egi (SUS),
sistemden memnuniyet ve beklentiler i¢in hazirlanan online anket formuna iliskin
erisim linki: https:/form. jotform.com/223380903422954 olarak paylagilmistir.
Kullanic1, hastanin ilgili kan sonuglarin1 uygulamaya girip, hesapla butonuna
tikladiginda, hastanin Kovid-19 pozitif ya da negatif olduguna iliskin tan: tahmin
sonucu ve bu sonuca iligkin olasilik ekranda yer alacaktir. Bunun yani sira programda
deneme yapilabilmesi i¢in olusturulmus, Kovid-19 pozitif ya da Kovid-19 negatif
sonuglarini veren ornek girdiler de bulunmaktadir.

Toplamda 42 uzman kullanici (%57,1 erkek; yas: 37,30 + 10,56) sistemi
degerlendirilmis; kullanicilarin %88,1°1 iyi diizeyde bilgisayar kullanimu bilgi diizeyine
sahip ve %31,0’i Tip, %21,4’ii Biyoloji/Molekiiler Biyoloji/Biyokimya, %19,0’u
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Istatistik/Matematik, %16,7’si ise Bilgisayar Bilimleri/Miihendisligi/Programciligi
lisans derecelidir. SUS toplam puanina (81,43 £ 15,64) gore sistem kullanilabilirligi
oldukea yiliksek bulunmustur. Cinsiyete, bilgisayar kullanimi bilgi diizeyine ve lisans
mezuniyetlerine gdre SUS toplam puanlar: aras1 farklilik istatistiksel olarak anlamli
bulunmamigtir  (p-degeri=0,277, p-degeri=0,714 ve p-degeri=0,731, sirasiyla).
Kullanicilarin %83,4’i uygulamadan memnunken, %76,2’si uygulamanin tasarimini
begenmistir. Uygulamanin kullanimina ydnelik memnuniyet diizeyleri ile tasarimina
iliskin begeni durumlar1 da cinsiyete, bilgisayar kullanimi bilgi diizeyine ve lisans
mezuniyetlerine gore istatistiksel olarak anlamli diizeyde farkli degildir (p-
degeri=0,684, p-degeri=0,431, p-degeri=0,292, p-degeri=0,432, p-degeri=0,940 ve p-
degeri=0,738, sirasiyla).

Sekil 2: Web Uygulamasi Arayiizii

COVIDETECTION  Giris ~ Analiz ~ Grafikler

Analitik Hiyerarsi Siireci ve Veri Madenciligi Teknikleriyle Hibrit bir Karar Destek Sistemi Uygulamasi: Tam Kan
Sayimi Degerleri ile Kovid19 Tamst

utonuna basidiginda figif tam kan sayim degerlerinin

{4 v Negatif” degerieri secebilirsiniz

Ornek uygulamaya iliskin ekran goriintiisii adimlar1 Sekil 3’te paylasilmustir. Sekil
3a’da Bazofil degeri 68, eozinofil degeri 101, 16kosit degeri 33790, lenfosit degeri
1554, notrofil degeri 31053, trombosit degeri 355, monosit degeri 1014 olarak girilmis
olan bir hasta i¢in tan1 tahmini yapilmaktadir. Hastanin kan sonuglar1 girildikten sonra
hesapla butonuna tiklandiginda, hastanin %59 olasilikla Kovid-19 pozitif oldugu
goriilmektedir. Sekil 3b’de verilen 6rnekte ise Bazofil degeri 203, eozinofil degeri 68,
16kosit degeri 33820, lenfosit degeri 1082, notrofil degeri 29626, trombosit degeri 217,
monosit degeri 2841 olarak girilerek, hastanin %73 olasilikla kovid negatif oldugunun
tahminlendigi goriilmektedir.

Sekil 3: Uygulamanin hasta sonucuna iliskin ekran goriintiisii
a)

@
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Bulgular referans makale (1) ile kiyaslandiginda, bu ¢alismadan elde edilen algoritma
performanslarinin sonuglar1 daha yiiksektir.

4 Tartisma ve Sonug

En oncelikli degisken yardimiyla kurulan karar destegi modeli ile ¢evrim igi ¢alisan bir
web uygulamasi kullanilarak, yeni gelen bir hastanin Kovid-19 olup olmadigini belirli
bir olasilikla &ngoriilebilmektedir. Bdylece saglik kurumuna Kovid-19 hastalig
siiphesi ile gelen bir hasta igin, goriintiileme sonuglari ve PCR testi sonuglari
beklenirken, hastanin daha hizli bir sekilde izole edilmesi ve hastaya baslangi¢
tedavinin uygulanmasi saglanabilecektir. Calisma, Kovid-19 tanisinda hemogram
verilerinden veri madenciligi ile AHP yontemlerini kullanan web tabanli bir karar
destegi olusturmasi agisindan Ozgiindiir. Bu c¢alismadan elde edilen sonuglar,
hemogram verilerinin Kovid-19 teshisi i¢in dnemini ortaya ¢ikarmak i¢in kullanilabilir.
Bu caligma kabul gormiis tam1 yontemlerine destek amagli olusturulmus olup,
giiniimiizde tam kan sayimi testlerinin hizli yapilmasi ve sonuglarmin Kovid-19
hakkinda onciil bilgi vermesinden hareketle sonuca daha hizli ulagilmast konusunda
tavsiye niteliginde olusturulmustur (6). Ayrica olusturulan web uygulamasiyla, farkli
bilgi seviyelerindeki tiim arastirmacilar tekrarlanabilir sonuglar sunan, kullanici dostu
ve licretsiz bu platform yardimiyla model gelistirebilecek ve aciklanabilir modellerini
tahmin amaciyla kullanabilecektir.
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Kolmogorov Algoritmik Karmasikhk ile

Parkinson Hastalarimin EEG Aktivitesinin Analizi

Neslihan BAKI' ve Nurhan GURSEL OZMEN?
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Ozet. Parkinson hastaligi (PH), diinya capinda en yaygin kronik ilerleyici nérolojik hastaliklardan biri oldugundan, hem
kisiye hem de devletlerin saglik sistemlerine maliyeti oldukca fazladir. Substanstia nigradaki dopaminerjik néronlarin kaybi
ile tespit edilmekte ve noérodejenerasyonun ileri evrelerinde karakteristik motor semptomlar olan bradikinezi, rijidite ve
istirahatte titreme ortaya cikmaktadir. Bu hastaliga karsi etkin bir tedavi yontemi bu giine kadar tam anlamiyla
saglanamamustir. PH’de erken teshis, tedavi secimini etkilemesi nedeniyle ¢ok Onemlidir. Bu nedenle kisilerin EEG
kayitlarinin incelenmesi erken teshis i¢in bir umut olmustur. Bu ¢aligmada, PH’de dinlenme durumunda EEG’de olusan
beyin dalgalar1 olan delta, teta, alfa, beta ve gama dalgalarindan 6znitelikler ¢ikarilarak, erken asamada hastalifin teshis
edilmesi amaciyla akilli bir karar destek sistemi gelistirilmesi planlannustir. Ozel olarak bu galigmada, yas ve cinsiyet
acisindan demografik olarak eslestirilen 14 PH’li ve 14 kontrol grubundan olusan 28 kisiye ait dinlenme durumu EEG
verileri kullanilmistir. Verilerin frekans domenine ait Kolmogorov algoritmik karmasiklik (KAC) 6zniteligi se¢ilmis ve PH
ve kontrol grubu verilerinin farkli siniflandiricilarla basarimi degerlendirilmistir. Radial gekirdek tabanli Destek Vektor
Makinesi ile simiflandirma sonuglar1 dogruluk % 92, kesinlik % 92, duyarlilik % 92, F1 skor % 92, Gradient Boosting
Algoritmast ile yapilan siniflandirmada ise dogruluk % 91, kesinlik % 91, duyarlilik % 91, F1 skor % 91 olarak elde
edilmistir. Dolayistyla tek 6znitelik olan Kolmogorov algoritmik karmagsiklik kullanilarak literatiirde bu veri seti kullanilarak
yapilan makine grenme sonuglarina kiyasla basaril bir simiflandirma gergeklestirilmistir.

Anahtar Sozciikler: Parkinson, EEG Sinyal Isleme, Kolmogorov Algoritmik Karmasiklik (KAC), Destek
Vektor Makinesi, Gradient Boosting Algoritmasi.

Analysis of EEG Activity of Parkinson's Disease Patients
by Means of Kolmogorov Algorithmic Complexity

Neslihan BAKI' and Nurhan GURSEL OZMEN?

! Karadeniz Technical University, Biostatistics and Medical Informatics, Trabzon
2 Karadeniz Technical University, Mechanical Engineering, Trabzon
neslihanbaki520@gmail.com, gnurhan@ktu.edu.tr
Abstract. Since Parkinson's disease (PD) is an increasingly important health problem worldwide due to its frequency and the
problems it creates, the cost of PD is quite high for both individuals and state health systems. It is determined by the loss of
dopaminergic neurons in the substantia nigra, and the characteristic motor symptoms of bradykinesia, rigidity and tremor at
rest appear in the advanced stages of neurodegeneration. An effective treatment method for PD has not yet been achieved.
Early diagnosis of PD is very important as it affects the choice of treatment. Fort his reason, examining the EEG records of
people has been a hope for early diagnosis. In this study, it is planned to develop an intelligent decision support system in
order to diagnose the disease at an early stage by extracting features from delta, theta, alpha, beta and gamma waves, which
are brain waves formed in EEG at rest in PD. Specifically, the resting state EEG data of 28 individuals, consisting of 14
patients with PD and 14 control groups, who were demographically matched for age and sex, were used in this study. The

Kolmogorov algorithmic complexity (KAC) feature of the frequency domain of the data was selected and the performance of
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the PH and control group data with different classifiers was evaluated. Classification results with radial core-based Support
Vector Machine are 92% accuracy, 92% precision, 92% recall, F1 score 92%, and classification with Gradient Boosting
Algorithm has 91% accuracy, 91% precision, 91% recall, 91% F1 score has been obtained. Therefore, a successful
classification has been carried out by using the single feature, Kolmogorov algorithmic complexity, compared to the machine

learning results in the literature using this data set.

Keywords: Parkinson, EEG Signal Processing, Kolmogorov Algorithmic Complexity (KAC), Support
Vector Machine, Gradient Boosting Algorithm.

1 Giris

Parkinson hastaligt (PH), diinya c¢apindaki niifusun yaklastk %1’ini etkileyen, ilerleyici ve  yaygin
norodejeneratif bir hastaliktir. Genetik ve gevresel faktorlerin etkilesimi sonucu ortaya ¢ikan ve cok sayida
hiicresel olay1 etkileyen bir durumdur [1]. Orta beynin substantia nigrasindaki dopaminerjik néronlarmn ve ilgili
noral kortikal aglarin dejenerasyonu soz konusudur. Dopaminerjik néronlar, dopamin olarak bilinen néronlar
arasi iletimi saglayan kimyasal maddenin iiretiminden sorumludur. Dopamin bir haberci gérevi gérmektedir,
ozellikle viicut hareketleri ve konusma s6z konusu oldugunda, beynin diizgiin ¢alismast igin viicudun gesitli
bolgelerine mesaj gonderilmesine yardimei olmaktadir.

PH’de goriilen temel ana belirtiler, hipokinezi ya da bradikinezi, bilek, omuz ve boyun gibi bolgelerde sertlik,
titreme ve postural instabilite gibi motor bozukluklar ve otonomik disfonksiyon, biligsel bozukluklar veya
psikiyatrik bozukluklar gibi motor olmayan eksikliklerdir [1-3]. Hastaligin erken doneminden itibaren motor
bozukluklarin yaninda bu hastalarda, mekan algis1 ve oryantasyonu gibi vizyospasyal yeti kayiplari da
gorilmektedir [4].

PH’nin erken donemde teshisi mevcut teknolojilerle bulunmamaktadir. PH tanisinda ozel bir tibbi test
bulunmadigidan teshis i¢in genellikle klinik muayene ve kisinin tibbi ge¢misi dnemlidir. Belirtiler hastaliga
6zgii olmadigindan tani konulmasi oldukg¢a zordur [5]. Bu nedenle erken déonemde hastaligin teshis edilmesinde
% 30'a kadar ulagabilen hata oranlar1 olabilmektedir [6]. Hastaligin teshis edilmesinde yasanan bu gecikmeler
bireye ve iilkelerin saglik sistemlerine olduk¢a yiiksek maliyetler getirmektedir. Erken teshis, tedavi segimini
etkiledigi i¢in Onemlidir. Substanstia nigrada bulunan dopaminerjik néronlarda asir1 kayip olusmadan, bu
noéronlart koruyacak néroprotektif tedavinin baglamasi ile hastaligin ilerlemesi ve demans gelisimi geciktirebilir.

Son yillarda manyetoensefalografi (MEG) veya elektroensefalografi (EEG) temelli arastirmalar PH
aragtirmalarinda oncii olmustur. Beyin aktivitesinin degerlendirilmesi i¢in EEG kayitlarinin kullanilmas: fikri
¢ok yerindedir ¢iinkii PH subkortikal diizensizlige baglh ortaya ¢ikan bir durumdur [3]. PH’de EEG kayitlarinin
kullanimina yonelik literatiirde caligmalar mevcuttur [7-8].

Parkinson nedeniyle EEG teta ve alfa frekans bantlarinda EEG genliklerinin 6nemli dlgiide farklilagtigi ortaya
koyulmustur. Bu c¢alismalar, EEG ol¢iimlerinin PH degisikliklerini tanimlamada da yararli olabilecegini
gostermektedir. Bu nedenle, Parkinson hastalarmm EEG sinyallerinin arastirilmasinda yeni analiz yontemlerinin
kullanilmasina hala ihtiyag olacaktir. Ayrica beynin diger &zelliklerinin ortaya ¢ikmasina katki saglayabilecek ve
beynin islev bozukluklarmin altinda yatan nedenlere ait bulgular elde edilecektir.

Bu nedenle bu ¢alismada, PH’nin erken teshisine yonelik kullanimi kolay, maliyeti diisiik, tasinmasi kolay ve
kisiye herhangi bir zarar1 olmayan EEG verileri {izerinden Kolmogorov algoritmik karmasiklik (KAC) 6zniteligi
se¢ilmis ve farkli siniflandirma algoritmalari ile hastaligin tespiti iizerinde durulmustur. 14 PH’li ve 14 kontrol
grubundan olusan 28 kisiye ait dinlenme durumu EEG verileri kullanilmistir. PH ve kontrol grubu verilerinin
Destek Vektor Makinesi ve Gradient Boosting Algoritmast ile basarimi degerlendirilmistir.

2 Yontem

2.1 Veri Seti Tamitim ve Onisleme

Bu ¢alismada, lowa Universitesi Narayanan Laboratuvarma ait acik kaynakli EEG fova veri seti kullanilmigtir
[9]. Veri seti 14 PH ve 14 kontrol grubuna ait dinlenme durumu EEG kayitlarindan olusmaktadir. Veri,
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uluslararast 10-20 sistemine gore kafaya yerlestirilen 64 kanalli elektrotlar ile toplanmistir. Verideki kontrol
grubu, PH ile yas ve cinsiyet agisindan demografik olarak eslestirilmis ve herhangi bir néropsikiyatrik bozukluk
semptomu veya dykiisli olmayan fiziksel ve zihinsel olarak saglikli bireylerden olugmaktadir. Tiim katilimeilara
ait yazili bilgilendirilmis onay mevcuttur. PH’lilere, ilagli durumlarinda néropsikolojik ve anket
degerlendirilmesi yapilmis olup, Birlesik Parkinson Hastalign Derecelendirme Olgegi (UPDRS) de
uygulanmistir. Dinlenme durumu EEG verileri, 64 kanalli sinterlenmis Ag/AgCl elektrotlarindan 0,1-100 Hz
araliginda, 500 Hz 6rnekleme hiziyla Brain Vision sisteminde, 2 dakika gozler acik olarak kaydedilmistir.

Pz kanali referans kanal olmasi nedeniyle analizler 63 kanal EEG verileri {izerinden yapilmistir. Analiz semast
sekill’de yer almaktadir. Kullanilan EEG kanallar1, Fpl, Fz, F3, F7, FT9, FC5, FC1, C3, T7, TP9, CP5, CP1, P3,
P7, 01, Oz, 02, P4, P8, TP10, CP6, CP2, Cz, C4, T8, FT10, FC6, FC2, F4, F8, Fp2, AF7, AF3, AFz, F1, F5, FT7,
FC3, Cl, C5, TP7, CP3, P1, P5, PO7, PO3, POz, PO4, POS, P6, P2, CPz, CP4, TP8, C6, C2, FC4, FT8, F6, AFS,
AF4, F2, FCz’dir. 10-20 Sistemine gore EEG veri setinde bir kisiye ait 64 kanalin konumlar1 sekil 2°de yer

almaktadir. Ayrica, PH ve kontrol grubundaki birer kisiye ait Fpl kanalinin islenmemis verisine ait PSD
goriintiisii sekil 3 ve sekil 4’de yer almaktadir.

Sekil 1. EEG verisinin Analiz Semasi

EEG verisine 0.5 ve 45 Hz arasinda bant geciren fitre, 60 Hz ve 100 Hz’de ise ¢entik filtre uygulandi.
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Sekil 2. 10-20 Sistemine gore EEG veri setinde bir kisiye ait 64 kanalin konumlari
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Sekil 4. PH grubundaki bir kisiye ait Fp1 kanalinin 0-250 Hz. araligindaki PSD goriintiisii

2.2 Oznitelik Cikarim

Bu calismada Algoritmik "Kolmogorov" Karmagiklik (KAC) 6zniteligi ¢ikartlmistir. Algoritmik "Kolmogorov"
Karmasikligy, bir s dizisinin Algoritmik "Kolmogorov" Karmasikligi, s'yi hesaplayan veya ciktisint veren en kisa
program uzunlugudur. Algoritmik karmasiklik, basitlik ve karmasiklik kavramlarini formiile etmektedir. En az
bit kullanilarak bir s dizisinin d(s) agiklamasi minimum uzunluktaysa, buna s'nin minimum agiklamasi
denilmektedir. Buradaki d(s) uzunlugu ise s'nin Kolmogorov karmasikligidir ve K(s) ile gosterilmektedir [10].
En kisa agiklamanin uzunlugu esitlik (1) ile gosterilmektedir.

K(s) = [d(s)| (M

K, keyfi uzunluktaki sonlu ikili dizilerden N dogal sayilarina bir fonksiyon olarak tanimlanacaktir. Dolayisiyla,
K: {0,1}* — N, ikili dizilerle temsil edilen 'nesneler' {izerinde tanimlanan bir fonksiyondur. Burada, her bir EEG
kanal verisi ikili sayilar {izerinden temsil edilmistir.

2.3 Smiflandirma

Siniflandirma Destek Vektor Makinesi (DVM) ve Gradient Boosting algoritmalart ile yapilmistir. DVM,
gozetimli bir siniflandirma yontemidir. Simiflandirma ve dogrusal olmayan fonksiyon yaklasimi problemlerinde
oldukea basarili ve yaygin olarak kullanilmaktadir. Giinlimiizde DVM, miihendislik, genetik, bilgi giivenligi,
zaman serilerinin tahmini, biyoenformatik vb. bir¢ok alanda ses, yiiz, nesne, yazi vb. driintii tanima, fonksiyon
tahmini alanlarinda, basarili olarak uygulanan bir yontemdir [11-12].

Gradient Boosting ya da Gradyan Artirma Algoritmasi, énceki modeldeki hatayr hesaplayan yeni modellerin
olusturuldugu ve ardindan son tahmini yapmak igin arta kalanlarin eklendigi bir yontemdir. Regresyon ve
simiflandirma problemleri i¢in karar agaglarma (Random Forest) benzer tahmin modelleri olusturur. Gradient
Boost algoritmasi her agagtan sonra bir iyilestirme yapmak i¢in diigiim olusturmamaktadir. Bunun yerine yaprak
(Leaf) ile baslar. Bu yaprak tiim agirliklar i¢in bir ilk tahmini temsil eder. Buradaki ilk tahmin ortalama degerdir.
Ardindan Gradient Boost bir agac olusturur. Boosting ile siniflama yapan diger algoritmalarindan farki,
genellikle zayif 6grenicilerin eksikligini tamamlamasidir [13]. Gradyan artirma algoritmalari, farkli kayip
fonksiyonlarma gore ogrenilmek gibi, uygulamanin ihtiyaglarina gore Ozellestirilebilirler. Siniflandirma
amaciyla kullanildiginda maliyet fonksiyonu olarak Log-Loss kullanilmaktadir.
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Bu calismada veriler, Python Google Colab ortaminda analiz edilmistir. Ham veriler 6nce 6n islemeden
gecirilmis, Oznitelikleri olan Kolmogorov algoritmik karmagiklik degerleri hesaplandiktan sonra Radial
cekirdek tabanli Destek Vektor Makinesi ve Gradient Boosting Algoritmalari ile ikili smiflandiriima yapilmstir.

3 Bulgular

EEG veri setinde 14 PH ve 14 kontrol grubuna ait toplam 28 adet veri bulunmaktadir. Veriler % 75 egitim ve %
25 test olarak ayrilmistir. Egitim verisinin 10’u kontrol grubu ve 11’i PH grubundan olusmaktadir. Bu 7 test
verisinden 4’1 kontrol grubu ve 3’ii PH grubuna aittir.

Verilerin frekans domenine ait KAC &zniteligi secilerek, PH ve kontrol grubu verilerinde farkli siniflandiricilarla
bagarimi degerlendirilmistir. Radial c¢ekirdek tabanli ve C degeri 100 alinarak DVM ile yapilan siniflandirma
sonucunda dogruluk % 92, kesinlik % 92, duyarlilik % 92, F1 skor % 92, Gradient Boosting Algoritmasi ile
yapilan siniflandirmada ise dogruluk % 91, kesinlik % 91, duyarhilik % 91, F1 skor % 91 olarak elde edilmistir.
Bu sonuglar 63 kanalin verileri kullanilarak elde edilmistir. Siniflandirma sonuglar1 tablo 1’de yer almaktadir.

Tablol. Siniflandirma Sonuglari

Metrikler Dlx)l\f/[ Gradient Boosting
Algoritmasi
Accuracy 92 91
Precision 92 91
Recall 92 91
F1 Score 92 91

4 Tartisma ve Sonuclar

Bu calismada daha once yapilan c¢alismalardan farkli olarak Parkinson EEG veri seti iizerinden Kolmogorov
algoritmik karmasiklik degeri 6znitelik olarak secilmis ve basarili bir siniflandirma dogruluguna ulasiimistir.
Dolayisiyla tek 6znitelik olan KAC ile literatiirde yer alan makine 6grenme sonuglarina kiyasla basarili bir
siniflandirma  gerceklestirilmistir. Calismanin  devaminda beynin farkli boliimlerine ait incelemelerin
yapilabilmesi i¢in kanal bazinda ¢aligmalar siirdiiriilecektir.
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Abstract. Myocardial infarction is one of the coronary artery diseases which is called a
heart attack among people, a part of the heart's blood supply or resulting from impaired
oxygenation. There are many different causes of this disease, pose a risk of death or
adversely affect human health. Different complications, especially death may develop
to patients who are diagnosed with myocardial infarction. Early prediction of complica-
tions that may develop due to myocardial infarction can positively affect the treatment
process and may reduce mortality rates. Predicting which patients are at high risk of
death in the early period will help healthcare professionals decide for more critical
treatment and follow-up of these patients. Therefore, in this study, survival of patients
was predicted after myocardial infarctions within first hours of after hospitalization.
Machine learning methods such as Logistic Regression, Random Forest, Naive Bayes
and K Nearest Neighbor were used to predict patient survival. Our best performing
predict model is Naive Bayes with ROC-AUC and accuracy 84.9%, 93.7% values re-
spectively.

Keywords: Myocardial infarction, machine learning, artificial intelligence,
predicted results

1 Introduction

Myocardial infarction [MI] is defined as the injury of the heart muscles due to the
reduction of blood flow to the heart as a result of plaque formation on the inner walls
of the arteries and the resulting oxygen deficiency [1]. In developed countries, MI is
one of the leading causes of mortality and prevalence of this morbid disease is ap-
proximately 3 million people worldwide [2]. Annually, over 800,000 people experi-

ence an MI and most die before reaching the hospital.
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Hospital mortality was greater than 30% prior to the era of cardiovascular intensive
care units [ICU]. But, today thanks to different medical treatments such as percutane-
ous coronary intervention [PCI], stenting and antithrombotic therapy the in-hospital
mortality is low [3]. MI symptoms include nausea, vomiting, chest pain radiating to
the left arm or left side of the neck, shortness of breath, sweating, abnormal heartbeat,
anxiety, and fatigue. Over 60% of patients with MI may not have chest pain, which is
called silent myocardial infarction [4]. The risk of heart attack generally increases
with age after age 65. Men are more at risk than women. Risks include smoking, high
blood pressure, high blood pressure and LDL, a diet rich in animal foods, obesity,
lack of exercise, and diabetes. Family history, spasm of the muscles in the artery
walls, emotional stress, exposure to very cold weather, heavy exertion or exercise can
also cause a heart attack. Also, using cocaine or amphetamines triggers a heart attack.
After the first heart attack, the risk of having another heart attack increases. There-
fore, attention should be paid to diet, low fat and sugar intake [1]. General complica-
tions of myocardial infarction include electrical dysfunction, cardiogenic shock, struc-
tural disorders, right ventricular infarction [5]. Also, despite significant advances in
the treatment of coronary vascular disease in recent decades, MI still remains the most
common reason for heart failure. Factors leading to the pathogenesis of heart failure
during MI hospitalization include myocardial disruption due to myocardial necrosis,
myocardial stunning and mechanical complications. Cardiomyocyte structural chang-
es and edema may develop 30 minutes after ischemia and may lead to death after 3
hours of ischemia [6].

With the use of big data, which is interpreted as the beginning of a new era, prob-
lems such as storage, security and privacy, processing and analysis of this data, and
data-based decision making arise. However, big data analysis needs to be processed
with more enriched methods such as machine learning instead of traditional data
management systems. Machine learning is the general name of computer software
that models a problem according to the data of that problem [7]. Machine learning is a
developing branch of computational algorithms that are designed to model human
intelligence by learning from the surrounding environment [5]. The fact that many of
the factors of myocardial infarction are preventable or treatable is an opportunity to
reduce the loss of life as a result of the disease [3]. In this study, we aim to predict the
survival of patients after myocardial infarctions in the first hours after hospitalization.
In this way, physicians may be supported in determining the follow-up and treatment
process of patients with a high risk of death.

2 Methods

2.1 Data Set Description

The dataset was obtained from the UCI machine learning database of myocardial
infarction complications [12]. This data set collected in 1992-1995. The outdated data
set and using too many features are limitations of this study. The dataset consists of
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103 features and 1700 observations after the variables in the dataset were filtered as
hospital admissions. Since the number of tables of descriptive statistics of the data set
is high, you can access the descriptive information of variables from link given below.
(https://leicester.figshare.com/articles/dataset/Myocardial _infarction_complications_
Database/12045261/3?file=22803695)

2.2 Data Preprocessing and Statistical Analysis

R open-source programming language used statistical analysis and model develop-
ment process. Required packages are tidyverse, tidymodels, themis, klaR, discrim,
finalfit. Mean, standard deviation and frequency were used as descriptive statistics.
Features with a missing data rate of 30% or more were excluded from the analysis. In
order to avoid loss of information, the missing values in the remaining features were
imputed using KNN imputation method.

2.3 Model Development

The data set which was obtained after missing value analysis was divided into two as
training and test sets. Output variable is imbalanced [alive 1429, death 271] so the
data set and to avoid the bias of the training phase, the data set was equally and ran-
domly separated according to the minor class sample size 70/30% as train and test set
respectively. To fit the model, Logistic Regression (glm), Random Forest (ranger),
Naive Bayes (klaR) and K Nearest Neighbor (kknn) machine learning methods were
used. After the training phase, the prediction performance of the model was evaluated
on. ROC-AUC, accuracy, sensitivity, and specificity values were used as performance
metrics.

3 Results

The dataset consists of total 1700 records, 635 women and 1065 men. 49.4% of male
and 50.6% female died after MI. The mean age patient who died is 67.1 (9.4) and
survived is 60.9 (11.3) after MI. The comparison of the model performance evaluation
metrics is given in Table 1.

Table 1. Descriptive Statistics of Age and Sex.

Variables Died Survived Total p value

V2_AGE Mean (SD) 67.1(94)  609(113) 619(113) <0001

V3_SEX female 137(50.6)  498(34.8) 635(374)  <0.001
male 134(494)  931(652) 1065 (626)
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Variables with missing% higher than 30% was removed. Total 7 variables were
removed from data set. All predictors (n = 96) were used as input in the prediction
model. Missing values was imputed with KNN (k = 5) algorithm. All numeric predic-
tors were normalized for having a standard deviation of 1 and a mean of 0. Same pre-
processing steps were also applied to the testing dataset.

100%

85% .
Logistic Regression
80% - Naive Bayes
*- Nearest Neighbor
75% x__v«/«”"" Random Forest
-—
709
60%
Accuracy ROC-AUC

Fig. 1. The comparison of the model performance

The compared results showed that the model performance evaluation metrics are
acceptable with myocardial infarction lethal outcome (death/alive) Model ROC-AUC,
accuracy for Logistic Regression 78%, 72, for Random Forest 86.3%, 79, for Naive
Bayes 84.9%, 93.7% and for K Nearest Neighbor 75.9%, 72.1 respectively.

4 Discussion and Conclusion

This study presents a proposed model that has been erected using machine learning
approaches to prognosticate lethal complications in humans after MI using the medi-
cal records of cases as the dataset used in training and testing the model. In this study,
we used open-source medical records on patients with MI to compare the results of
prediction models.

In a study by Rohen Khera et al. in 2021, a total of 755.402 patient data were used.
Three prediction models were developed based on extreme XGBoost, Neural Network
and a Meta-classifier. Their accuracy was compared by using Logistic Regression.
Results of the study, [C statistic, 0.90 for best performing machine learning model vs
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0.89] for Logistic Regression [11]. Unlike this study, only at the time of hospital ad-
mission variables which demographics and anamnesis, blood pressures, symptoms at
hospital admission, MI Type, ECG rhythms, fibrinolytic therapies, blood tests,
elapsed time hospital admission, and medications were used in our study. Also, dif-
ferent machine learning methods (Random Forest, Naive Bayes, K Nearest Neighbor)
were used in our study and more successful prediction result was obtained.

As far as we know, there has been no study to predict mortality in MI patients us-
ing only hospital admission variables. Another study conducted by Christopher et.al
in 2022, with Cox Regression model they predict the deadly fate of MI patients using
data obtained up to 72 hours after hospital admission. Their results showed an accura-
cy of 86.47% using the Logistic Regression classifier which is less than our result [2].

Predicting the mortality risk in the early period by using the data of MI patients at
the first hospital admission is the originality of our study. Determining risk factors for
mortality after acute myocardial infarction provides important contributions to clini-
cians and patients to determine prognosis and to guide treatment. Most risk stratifica-
tion models use demographic and clinical data prior to hospitalization to estimate a
patient's risk of death. In this study, we summarized the most important risk factors
and developed predictive models to predict mortality. The experimental results show
that the best model predicts survival of MI patients with ~94% accuracy by using
Naive Bayes.
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Ozet

Akciger kanserinde, diger kanser tiirlerinde oldugu gibi hastanin sag kalim siire-
cinin artirtlmasi agisindan erken tani olduk¢a 6nemlidir. Bu calismada akciger
kanseri tanisinda pulmoner nodiillerin benign (iyi huylu) ya da malign (k&ti
huylu) olarak siniflandirilmast igin evrigimli sinir ag1 (CNN) kullanilarak bir ka-
rar destek sistemi gelistirilmistir. Yapilan ¢aligmada, Karadeniz Teknik Univer-
sitesi Farabi Hastanesi Radyoloji Boliimii’nden alman 600 hastaya ait 1111 adet
Toraks BT (bilgisayarli tomografi) goriintiileri kullanilmustir. Gelistirilen karar
destek modeli ile Toraks BT goriintiileri iizerinden akciger kanseri tanis1 igin pul-
moner nodiiller otomatik olarak siniflandirilmis ve bes kat ¢apraz dogrulama so-
nucunda en yiiksek dogruluk %84 olarak elde edilmistir. Simiflandirma perfor-
mansini artirmak amactyla derin aglarda kullanilan transfer 6grenme yaklagimi
kullanilmistir. Bu amagla, kaynak modelin egitiminde adenokarsinom ve hiicreli
karsinom kanser tiiriine sahip hastalardan elde dilen 300 akciger Toraks BT (bil-
gisayarl1 tomografi) goriintiisii kullanilmis ve kaynak modelin performansi
%93.75 dogruluk degeri olarak elde edilmistir. Bundan sonrasinda, kaynak mo-
delin hedef modele transfer edilerek hedef modelin yeniden egitilmesi ve pulmo-
ner nodiil siniflamasinda performansin arttirilmasi planlanmaktadir.

Anahtar Kelimeler: Pulmoner Nodiil, Evrisimli Sinir Ag1, Transfer Ogrenme,
Bilgisayarli Tomografi
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Gliniimiizde tibbi analiz ve teshisi kolaylagtirmak i¢in makine 6grenmesi kullanimi
yayginlagsmaktadir. Makine 6grenmesi ile bilgisayar destekli tan1 sistemleri gelistirile-
rek makinelere yorum yapabilme yetenegi kazandirilmaktadir. Bu baglamda bilgisayar
destekli tani sistemleri radyologlara ikinci bir goriis sunarak tan1 ve tespit dogrulugunu
Erken donemde tani, hastanin sag kalim siirecini artirmaktadir. Bu
amagla, bu caligmada, akciger kanseri tanisinda pulmoner nodiillerin benign (iyi huylu)
ya da malign (k&tii huylu) olarak siniflandirilmasi igin derin 6grenme yaklagimlarindan

arttirmaktadir.

Abstract

Pulmonary Nodule Decision Support Model with Convolutional Neural
Network Based Transfer Learning Approach

In lung cancer, as in other types of cancer, early diagnosis is very important in
terms of increasing the survival of the patient. In this study, a decision support
system was developed using a convolutional neural network (CNN) for the clas-
sification of pulmonary nodules as benign or malignant in the diagnosis of lung
cancer. In the study, 1111 Thorax CT (computerized tomography) images of 600
patients taken from the Radiology Department of Karadeniz Technical University
Farabi Hospital were used. With the developed decision support model, pulmo-
nary nodules were automatically classified for the diagnosis of lung cancer on
thorax CT images, and the highest accuracy was obtained as 84% as a result of
five-fold cross-validation. In order to increase the classification performance, the
transfer learning approach used in deep networks has been used. For this purpose,
300 lung thorax CT (computed tomography) images obtained from patients with
Adenocarcinoma and Cell carcinoma cancer types were used in the training of
the source model, and the performance of the source model was obtained as
93.75% accuracy. After that, it is planned to transfer the source model to the tar-
get model, retrain the target model and increase the performance in pulmonary
nodule classification.

Keywords: Pulmonary Nodule, Convolutional Neural Network, Transfer Lear-
ning, Computed Tomography

Giris

evrisimsel sinir aglart (CNN) kullanilarak bir karar destek sistemi gelistirilmistir.

2

21

Siniflandirma modelinin egitiminde kullamilan gériintiiler, Karadeniz Teknik Uni-
versitesi Bilimsel Arastirmalar Etik Kurulu’nun 24237859-15 sayili izni ile Karadeniz

Yontem

Evrisimli Sinir Aglar:

14. Tip Bilisimi Kongresi Bildiriler Kitabi
Proceedings of 14th Turkish Congress of Medical Informatics
16-18 Mart 2023 / 16-18 March 2023

195



Teknik Universitesi Farabi Hastanesi Radyoloji Béliimiinden alindi. “Pulmoner Nodiil”
tanis1 koyulmus 600 hastaya ait Toraks BT ¢ekiminin kesitlerinde nodiil rastlanan
1111goriintii “.png” formatinda kaydedildi. Goriintiiler uzman radyologlar tarafindan
degerlendirildi ve etiket bilgileri kaydedildi. 1111 gorlintiiniin egitim ve test veri seti
olarak dagilimi Tablo 1’de verilmistir. Goriintiilerdeki giiriiltiiler baz1 dnisleme yon-
temleriyle giderildi ve egitime hazir hale getirildi.

Tablo 1. Goriintii sayilarini veri setlerine gore dagilimi

Veri Seti Veri Yiizdesi Veri Sayisi
Egitim %72 800
Test %28 311

Grafik iglem birimlerinin (GPU) gelismesiyle birlikte makine 6grenmesinin bir alt dalt
olan derin 6grenme [Deep Learning (DL)] yaklasimi popiilerlik kazanmugtir [1]. DL
yaklagimi beynin ¢alisma prensibinden esinlenilerek tasarlanmistir. Son yillarda derin
O0grenme algoritmalariyla 6zellikle saglik alaninda tibbi goriintiiler kullanilarak bir¢ok
hastaligin tanis1 i¢in 6nemli ¢aligmalar yapilmaktadir. Makine 6grenmesi yontemlerin-
den biri olan derin 6grenme algoritmalari, saglik alaninda biiyiik veri kiimesine sahip
tibbi goriintiiler iizerinden analiz yapabilme konusunda geleneksel makine 6grenmesi
modellerinden daha basgarili sonuglar vermektedir [2]. Derin sinir aglarindan goriintiiler
tizerinde en iyi sonuglar veren evrigimli sinir aglaridir. CNN’ler minimum 6nisleme
gerektirmesi ve veriyi en iyi temsil eden ozellikleri kendisi 6grenebilmesi sebebiyle
siklikla tercih edilmektedir [3,4].

Ileri yonlii sinir aglarindan biri olan CNN ¢ok katmanl bir yapiya sahiptir ve her bir
katman bir goriintiiye ait farkli 6zellikleri tanimak iizere egitilmistir. Bir giris goriintii-
stiniin bilgileri sirasiyla konvoliisyon katmani, havuzlama katman: ve tam bagl kat-
mandan gecerek ¢ikig katmanina gelmektedir. Cikis katmanindan ¢iktilar tek bir sinif
veya goriintiiyli en iyi tanimlayan siniflarin olasiligi olarak verilmektedir. CNN’lerde
katmanlarin filtre sayilari, aktivasyon fonksiyonlari, 6grenme katsayisi ve epoch sayist
egitimi etkileyen en 6dnemli parametrelerdendir.

Bu caligmada 4 katmanli yapiya sahip ve filtre sayis1 32-64-64-128 olan CNN mo-
deli kuruldu. Katmanlara regiilarizasyon islemi eklendi ve aktivasyon fonksiyonu ola-
rak ReLu ile Sigmoid fonksiyonlari secildi. Ogrenme katsayist 1e-4 olarak belirlendi
ve asirt uydurmayi engellemek i¢in dropout kullanildi. Kurulan model i¢in 50, 100 ve
1000 olacak sekilde farkli sayilarda epoch denemesi yapildi ve modelin siniflandirma
performansi Olgiildii. Evrisimli sinir agi ile gelistirilen modelin egitimi 8 GB bellege
sahip NVidia Quadro P4000 grafik islem birimi {izerinde R Studio programi kullanila-
rak yapildi.

2.2 Transfer Ogrenme

Transfer 6grenimi, Oriintii tanima problemlerini ¢cozmek ve performansini arttirmak
icin kullanilan popiiler bir fikirdir. Onceki kaynak gorevlerde &grenilen bilgileri
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aktarmaya ¢alisir. Daha sonra, yeni ve ilgili hedef gorevlerde 6grenmeyi gelistirmek
igin Ogrenilen bilgileri kullanmaya ¢alisir [S]. Pratik uygulama agisindan, geleneksel
derin 6grenmeye kiyasla transfer 6grenme daha avantajlidir. Bunun sebebi transfer 6g-
renmenin, baglangic noktasi olarak 6nceden egitilmis bir modeli kullanmasi ve dnceden
egitilmis bir modelde ince ayar yapmanin genellikle rastgele baglatilan bir derin sinir
agini sifirdan egitmekten daha basarili ve hizli olmasidir [6,7].

Transfer 6grenmede genellikle AlexNet ve ResNet gibi mimariler kullanilarak trans-
fer islemi gergeklestirilir. 2012 yilinda diizenlenen ImageNet biiyiik 6lgekli goriintii ta-
nima yarismasinda AlexNet mimarisi galip gelmistir. AlexNet, tiim geleneksel makine
6grenimi ve bilgisayarla gérme yaklagimlarina karsi son teknoloji tanima dogrulugu
elde etmistir [8]. AlexNet ile medikal goriintii siniflandirma igin bir 6rnek ¢alisma An-
kit vd. tarafindan 2019 yilinda yapilmistir. Calismada BreakHis veri setinden alinan 82
hastaya ait 7900 mikroskobik biyopsi goriintiisii kullanilmis ve modelin %93 smiflan-
dirma performansina sahip oldugu goriilmiistiir [9].

Bu caligmada transfer 6grenme yontemi ile siniflandirma performansinin artirilmast
amagclandi. Kaynak modelin egitiminde derin 6grenme algoritmalarindan CNN mima-
risi kullanildi. Transfer 6grenmede Alexnet gibi hazir bir mimari kullanmak yerine,
hedef gorevdeki goriintiileri 6grenmeyi kolaylastirmak amaciyla, agik kaynakli veri ta-
bani olan Kaggle iizerinden, Akciger adenokarsinom ve hiicreli karsinom kanser tiiriine
ait gorlintiileri iceren “Gogilis BT-Taramas1” isimli goriintii veri kiimesi kullanildi [10].
Gelistirilen CNN modelinin katmanlarina iligkin parametre degerleri Tablo 2’de veril-
mistir.

Kaynak model PyCharm Community Edition 2021.3.2 versiyonu iizerinde gelisti-
rildi ve test edildi. GPU destegi icin Google Colabratory platformunun sagladig: ve
iizerinde Keras, Tensorflow ve PyTorch kullanimina olanak saglayan Tesla K80 GPU
kullanild.

Tablo 2. Kaynak modelin egitiminde kullanilan CNN mimarisi

Katmanlar Cikis Boyutu Parametre
conv2d 28 (Conv2D) (None, 148, 148, 32) 896
max_pooling2d_28 (MaxPooling2D)  (None, 74, 74, 32) 0
conv2d 29 (Conv2D) (None, 72, 72, 64) 18494
max_pooling2d 29 (MaxPooling2D)  (None, 36, 36, 64) 0
conv2d 30 (Conv2D) (None, 34, 34, 128) 73856
max_pooling2d 30 (MaxPooling2D)  (None, 17, 17, 128) 0
conv2d 31 (Conv2D) (None, 15, 15, 128) 147584
max_pooling2d 31 (MaxPooling2D)  (None, 7, 7, 128) 0
flatten_7 (Flatten) (None, 6272) 0

dense 14 (Dense) (None, 512) 3211776
dense_15 (Dense) (None, 1) 513
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3 Sonuglar

Karadeniz Teknik Universitesi Farabi Hastanesi Radyoloji Poliklinigi hasta verileri
kullanilarak akciger pulmoner nodiil hastalar i¢in hem bolgesel ve ulusal bir BT
goriintii veri tabani hem de prototip bir karar destek modeli gelistirildi. Model ile
derin 6grenme algoritmalarinin gériintiiler izerinden siniflama yaparak akciger kan-
seri tanisi koyabilmesinin basarisi test edildi.

Tablo 3. Smiflandirma modeli i¢in 5 kat ¢apraz dogrulama sonuglari

Dogruluk Kayip Hassasiyet  Ozgiilliik
1. Kat 0.84 1.56 0.77 0.84
2. Kat 0.82 0.81 0.77 0.70
3. Kat 0.72 1.46 0.79 0.72
4. Kat 0.78 1.19 0.76 0.77
5. Kat 0.72 1.80 0.78 0.71
Ortalama 0.766 1.36 0.77 0.75

En yiiksek basarima sahip model ile 1111 goriintii tizerinde 5 kat ¢capraz dogrulama
yapildi ve en yiiksek dogruluk degeri %84 ve ortalama dogruluk degeri %76.6 ola-
rak elde edildi (Tablo 3.). Dogruluk ve kayip i¢in grafik Sekil 1°de verilmistir.

8 4 Dogruluk
- * Kayp
a2 6 ]
&
x 5 \
2
~ 4 I
3 \
I
e
o
[a] 2 |
T e
0 4 900,
T T T T T 1
0 20 40 60 80 100

Epoch Sayisi

Sekil 1. CNN modeli i¢in dogruluk ve kayip (ilk 100 epoch)

Simiflandirma performansimi artirmak amaciyla derin aglarda kullanilan transfer 6g-
renme yaklagimi kullanilmigtir. Transfer 6grenmede kullanilmak iizere adenokarsinom
ve hiicreli karsinom BT goriintiileri kullanilarak egitilen kaynak modelin siniflandirma
performanst i¢in dogruluk %93.75 ve kayip degeri 0.14 olarak hesaplanmustir.
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Sekil 2. Transfer 6grenme igin gelistirilen kaynak model igin dogruluk ve kayip

Gelistirilen model akciger kanseri tanisinda adenokarsinom ve hiicreli karsinom tiirle-
rini yiiksek dogrulukla siniflandirdi. Boylece, hedef modelin performansini arttirmak
i¢in transfer 6grenmede kullanilacak kaynak modelin gelistirilmesi asamasi tamamlan-
mustir.

Bir sonraki agsamada gelistirilen kaynak modelin hiper parametreleri alinarak hedef
modele baslangig parametresi olarak verilecektir. Hedef model, Karadeniz Teknik Uni-
versitesi Farabi Hastanesi Radyoloji Boliimii’nden alinan 600 hastaya ait 1111 adet To-
raks BT goriintiisii ile CNN mimarisi kullanilarak yeniden egitilecektir. Baslangi¢ pa-
rametrelerini sifirdan baglatmak yerine yiiksek performansli siiflandirma yapan bir
agin parametreleri kullanilacagindan egitilecek hedef modelin yiiksek performansla si-
niflandirma yapmasi beklenmektedir. Tiim sonuglar karsilastirilarak degerlendirilecek-
tir.
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Abstract. Digital Health (DH) stands for the utilization of information
technology in medicine and other health professions to control health risks and
to advance well-being. Bibliometric analysis is a statistical method which aims
to evaluate the quality and quantity of documents in the field of interest.
Altmetric attention score (AAS) that was obtained by altmetric analysis depicts
the effect of articles on social media. The aim of this current study is
determined as assessing the research trends in DH topic with the help of the
most cited 100 papers in this field. A total of 14140 citations were observed in
the top-100 list, with a mean of 141.4+78. Weak positive correlation was
observed between Citation Count (CC) and AAS, indicating AAS increases as
CC increases (1=0.256; p=0.012). Regression analysis results revealed that Q2
level (p=0.050), AAS (p=0.002), Since 2013 Usage Count (p<0.001) and
Duration after Publication (p=0.002) significant factors affecting CC, whereas
Page Count (p=0.013) and 5-Year-IF (p<0.001) were factors related to AAS. As
a consequence of its multidisciplinary and interdisciplinary structure, DH is
expected to gain more demand in the next years. Hence, this current research
can be seen as a guide for ongoing and upcoming works.

Keywords: altmetric analysis, bibliometric analysis, digital health.

1 Introduction

Digital Health (DH) stands for the utilization of information technology in medicine and other
health professions to control health risks and to advance well-being. Bibliometric analysis is a
statistical method which aims to evaluate the quality and quantity of documents in the field in
interest [1]. Identifying international collaboration opportunities and reaching valuable
resources, detecting popular study fields as well as pointing out the gaps that need further
research could be achieved via this statistics-based method [2]. Altmetrics, which is the short
version of alternative metrics, is a non-traditional method which gathers online interest for
scientific papers and calculates a weighted score called Altmetric attention score (AAS) as a
numerical output. AAS evaluates as well as quantifies online influence from various platforms
such as social media, blogs, forums etc. and depicts the effect of articles on books and other
media [3, 4]. The aim of this current study is determined as assessing the research trends in DH
topic with the help of the most cited 100 papers in this field.
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2 Material and Method

The Web of Science Core Collection (WoS) database was used for retrieving the data.
Bibliometric data were downloaded from the WoS on Sept 6, 2022. The search was carried out
using the keyword (“digital health”) in the “topic” selection mode. No time or language filters
were employed. Results were listed and the first 100 most-cited publications were analyzed.
Descriptive statistics were calculated to summarize the metrics of influential articles.
Correlation analysis was performed to analyze the relationship between CC and AAS, and
multiple linear regression analysis was employed to determine factors related to these metrics.
A p-value of less than 0.05 was considered statistically significant. The Biblioshiny interface of
the bibliometrix R package (www.bibliometrix.org), VOSviewer software (v.1.6.16) and The R
programming language v.4.2.0 (R Core Team, 2022) were used for the analysis.

3 Results

We shared the flowchart of the altmetric and bibliometric study (Fig. 1). A total of 14140
citations were observed in the top-100 list with a mean of 141.400+78.401. Baseline
characteristics of the most-cited studies were summarized in Table 1. The median year for the
articles was 2017; while the median of CC and AAS were 108 and 43, respectively. The most
frequent research type was article; and the majority of the productions were published in QI
category (Fig. 2).

N=100 publications with the
highest CCin WoS

N=96 publications with AAS in
Internet Explorer

Top-cited N=58 Top-AAS n=27 Top-cited (CC 2 100)
papers cited 2 100 papers with highest n=34 papers have
times AAS (AAS 2 100) AAS >100

Fig. 1. Flowchart of the altmetric and bibliometric study

The most-cited article (CC=439) was original research about developing successful digital
interventions to help people manage their health or illness that was published in 2015 [5]. The
article with the highest AAS (AAS=1114) which was published in NEJM in 2019 includes
plans to enroll a diverse group in the USA to accelerate biomedical research and improve health
[6]. A total of 23 countries have contributed to the top-100 list. Major contributor was the USA
with n=45 articles (45.9%) followed by UK (n=17, 17.3%), and Australia (n=7, 7%). On the
other hand, Stanford University (n=12, 3.3%), Imperial College London (n=11, 3.02%), and
University of Indonesia (n=10, 2.74%) placed in top-three in terms of most active institutions.

Correlation analysis results showed weak positive correlation between CC and AAS indicating
AAS increases as CC increases (r=0.256; p=0.012). The relationship between CC and AAS was
given visually in Fig. 3. Regression analysis results revealed that “Q2 level” (p=0.050), “AAS”
(p=0.002), “Since 2013 Usage Count” (p<0.001) and “Duration after Publication” (p=0.002)
were significant factors affecting CC; whereas “Page Count” (p=0.013) and “5-Year-IF”
(p<0.001) were found statistically significant related to AAS.
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Table 1. Baseline characteristics of most-cited 100 articles

Variable Mean + SD Median [Min - Max]
IF 15.624 +31.988 7.076 [1.62 - 202.73]
IF (5-Year) 13.649 £21.719 7.213 [2.10 - 130.84]
Cited Reference Count 71.320+£56.915 57.5[5 -349]

AAS 119.480 £ 201.313 43[1-114]

CC (WoS Core) 141.400 + 78.401 108 [72 - 349]

180 Day Usage Count 13.560 + 25.929 5.5[0-191]

Since 2013 Usage Count 88.500 + 136.550 48 [0 - 1106]
Publication Year 2016.980 + 2.265 2017 [2010 - 2020]
Duration after Publication 5.020 £2.265 5[2-12]

Page Count 11.100 £ 6.195 10 [1-29]

The most cited 100 studies in DH were categorized into 50 study types regarding WoS
category. The top five category can be listed as Health Care Sciences and Services; Medical
Informatics (n=21, 42%), Medicine, General and Internal (n=6, 12%), Cardiac and
Cardiovascular Systems (n=5, 10%), Psychiatry (n=4, 8%), and Sociology (n=4, 8%).

Publication Counts Average Citation

Frequency (n)

RESEARCH TYPE Q-CATEGORY

ook Chapter  EditorialMZeral & Letter W ProcesdingsPaper M Review #01 802 W03 W04

Fig. 2. Several characteristics of most-cited 100 articles

Moreover, co-occurence analysis revealed 6 clusters based on authors’ keywords.
Cardiovascular disease, diet, m-health, physical activity, prevention, sleep, smartphone, and
telemedicine were gathered in Cluster 1; big data, healthcare, mobile apps, quantified self, self-
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tracking, sociology and wearable technology were placed in second cluster; whereas Covid-19,
digital technology, pandemic, public health, and telehealth were in Cluster 3. Cluster 4 includes
the keywords anxiety, depression, e-health, mobile applications, whilst Keywords digital
health, machine learning, and sensors form Cluster 5. Lastly, Cluster 6 includes mobile health
and wearable sensors keywords.

R LA " e
AR B2 REE N8 S NS E SRS AAEYESSES8REBAASAZARIRERRIARRRAZ
RRRRARRRRARRRARRRRRARRRRARRRRRRRRR RRRRRRRRRRRARRRARR/IRKRKRAKR

Fig. 3. Relationship between CC (Wos Core) and AAS

There are several limitations of our study that should be considered. Firstly, the search term,
“digital health”, used in our study was a general search term. We did not use specific topics
such as “decision support systems”, “e-health”, “machine learning”, “health informatics”,
“mobile learning”, “artificial intelligence”, or more specific keywords including “decision
trees”, or “random forest algorithm”. Secondly, we only searched the studies of digital health in
the WoS, and the papers in other databases such as Scopus, PubMed, and Google Scholar were
not included. Thus, we may omit some important papers in the digital health area. Further, AAS
is considered as an alternative metric as it is not based on citation rates. Some of the products
have no AAS due to their research type (editorial material, letter, proceeding paper etc.).

Conclusion

As a consequence of its multidisciplinary and interdisciplinary structure, DH is expected to
gain more demand in the next years. This is thought to be the first study to characterize and
compare the results of the publications in DH based on these metrics. Hence, this current
research can be seen as a guide for ongoing and upcoming works of information technology in
medicine.

References

1. Ellegaard, O., Wallin, J. A.: The bibliometric analysis of scholarly production: How great is the
impact?. Scientometrics, 105(3), 1809-1831 (2015).

2. Ramos-Rincon, J. M., Pinargote-Celorio, H., Belinchon-Romero, L., & Gonzalez-Alcaide, G. (2019). A

snapshot of pneumonia research activity and collaboration patterns (2001-2015): a global bibliometric

analysis. BMC Medical Research Methodology, 19, 1-17.

Altmetric. What Are Altmetrics? 2023, https://www.altmetric.com/aboutaltmetrics/what-are-altmetrics

4. Kirloskar, K. M., Civilette, M. D., Rate, W. R., Cohen, A. S., Haislup, B. D., Nayar, S. K., ... & Gould, H. P.
(2022). The 50 most impactful articles on the medial ulnar collateral ligament: An altmetric analysis of online
media. SAGE Open Medicine, 10, 20503121221129921.

5. Yardley, L., Morrison, L., Bradbury, K., Muller, 1. The person-based approach to intervention
development: application to digital health-related behavior change interventions. Journal of medical
Internet research, 17(1), 4055 (2015).

6. All of Us Research Program Investigators. The “All of Us” research program. New England Journal of
Medicine, 381(7), 668-676 (2019).

hed

14. Tip Bilisimi Kongresi Bildiriler Kitabi
Proceedings of 14th Turkish Congress of Medical Informatics
16-18 Mart 2023 / 16-18 March 2023

205



Diyabette Komorbid Hastaliklar; Elektronik Saghk

Kayitlar1 Tabanh bir Popiilasyon Calismasi

Mustafa Mahir Ulgul, 2[0000-0003-0825-1851] Kemal Hakan Gﬁlkesen2[0000—0002—2477—2481]’

Mustafa Okan Ayva111[0000-0002-0116-5152] Abdullah Akﬁna]][0000-0002-8610-9829]

Suayip

Birinci3[0000-0001-8104-6198] Mustafa Kemal BalCI4[()000»0002»6494-3249]

! Saglik Bilgi Sistemleri Genel Miidiirliigii, Saglik Bakanligi, Ankara

2 Biyoistatistik ve T1p Biligimi Anabilim Dali, Tip Fakiiltesi, Akdeniz Universitesi, Antalya

3 Saglik Bakanligi, Ankara
4 Endokrinoloji Bilim Dali, T1p Fakiiltesi, Akdeniz Universitesi, Antalya
mahir.ulgu@saglik.gov.tr

Abstract. Diyabette kalp damar hastaliklari, norolojik hastaliklar ve goz hasta-
liklarmin arttig1 bilinmektedir, ancak diyabetli kisilerdeki risk artig1 genis hacimli
bir ulusal elektronik saglik kayitlart sistemi {izerinde incelenmemisti. Bu ¢alig-
manin amaci, bazi komorbid hastaliklarin diyabetli kisilerde diyabeti olmayan
kisilere gore riskinin degisip degismedigini belgelemektir. Veri kaynagi, Tiirki-
ye'nin ulusal elektronik saglik kayit sistemidir (e-Nabiz). Bu ¢aligmada 2019 y1-
linda 14 yas lizerinde olan kisilerin verilerini inceledik. 2019 yilinda hekimler
tarafindan hastaya verilen ICD-10 kodlar1 incelendi. Veri tabanimizda 6.775.054
(%10,6) diyabetli ve 57.167.598 diyabeti olmayan kisi tespit ettik. Diyabetlilerde
hiperlipidemi 2.09 (2.09-2.10, %95 giiven aralig1) odds oranina (OO) sahipti.
Kalp Yetmezligi 1,85 (1,83-1,86), iskemik kalp hastaliklar1 1,46 (1,46-1,47), ka-
taraktlar 1,26 (1,25-1,27), noéropatiler 10,42 ( 10,34-10,50), nefropati ve kronik
bobrek yetmezlikleri 2,89 (2,86-2,91), periferik dolagim bozukluklari 2,65 (2,63-
2,68), retinopatiler 4,61 (4,57-4,65), akut MI 2,04 (2,02-2,05), serebrovaskiiler
hastaliklar 1,73 (1,72-1,73), hipertansyon 1,72 (1,71-1,72) olarak saptandi. So-
nuglar, diyabet hastaliginda komorbidite artisin1 popiilasyon verileri ile de dog-
rulamaktadir.

Keywords: Diabetes Mellitus, Diyabet Komplikasyonlari, Elektronik Saglik
Kayitlari.

Comorbid Diseases in Diabetes; A Population Study

Based on Electronic Health Records

Abstract. Cardiovascular diseases, neurologic diseases and eye diseases are well
known complications in diabetes, but the increased risk in people with diabetes
has not been studied in a large national electronic health record system. The aim
of this study is to document the risk of some comorbid diseases in people with
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diabetes compared to people without diabetes. The data source is Turkey's natio-
nal electronic health record system (e-Nabiz). We analysed data of the people
who was over 14 years old in 2019. ICD-10 codes given by physicians in 2019
were examined. We identified 6,775,054 (10.6%) people with diabetes and
57,167,598 people without diabetes in our database. Odds ratio (OO) of hyperli-
pidemia in diabetics was 2.09 (2.09-2.10, 95% confidence interval). The OR's for
other diseases were; heart Failure 1.85 (1.83-1.86), ischemic heart diseases 1.46
(1.46-1.47), cataracts 1.26 (1.25-1.27), neuropathies 10.42 ( 10.34-10.50), neph-
ropathy and chronic kidney failures 2.89 (2.86-2.91), peripheral vascular disor-
ders 2.65 (2.63-2.68), retinopathies 4.61 (4, 57- 4.65), acute M1 2.04 (2.02-2.05),
cerebrovascular diseases 1.73 (1.72-1.73), hypertension 1.72 (1.71-1.72). The re-
sults confirm the increased risk of all the examined diseases in diabetic people.

Keywords: Diabetes Mellitus, Diabetes Complications, Electronic Health Re-
cords.

1 Giris

Diabetes Mellitus i¢inde bulundugumuz ¢agin, insan sagligini tehdit eden en 6nemli ve
en yaygin hastaliklardan biridir. Yine tiim Diinyada en 6nemli halk sagligi problemle-
rinden biri olarak goriilmektedir. Bu ¢aligmada, Tiirkiye’de Diabetes Mellitus’un ko-
morbiditeleri ve bu komorbiditelerin diyabeti olmayan vakalardan farkli olup olmadig:
incelenmigtir. Caligma i¢in e-Nabiz Kisisel Saglik Kaydi Sisteminden aktarilan veri-
lerle olusturulmus biiyiik veri ortami kullanilmigtir. E-Nabiz sisteminde hastalarin la-
boratuvar degerleri, regeteleri, konulan tanilar, yapilan islemler bulunmaktadir.

Diyabete bagli morbidite ve mortalite bilim diinyasinin ilgi odaklarindan biridir ve
cok sayida morbidite ve mortalite ¢alismas1 yayimlanmstir. Ornegin Currie ve arka-
daslari, klinik calismalarda agresif glisemik kontrol miidahalelerinin kardiyovaskiiler
olay insidansinda ve tiim nedenlere bagli mortalitedeki artigina dikkat ¢ekmislerdir [1].
Aralikl hipogliseminin daha yiiksek diizeyde oksidatif strese neden oldugu [2], endotel
disfonksiyonuna ve kronik inflamasyona neden olarak mortalite riskinde artiga yol ag-
tigin1 gosteren ¢alismalar vardir [3]. Hem akut hem de kronik glisemik degiskenligin
oksidatif stresi ve kronik inflamasyonu siddetlendirdigi [4], artan metabolik degisken-
ligin, farkli organlara zarar vererek kalp yetmezligi gibi komplikasyonlara yol agabil-
digini [5] aciklayan yaymnlara ¢okca rastlanir. Lipid degiskenliginin kardiyak risk [6],
diyabetli hastalarda sik¢a kullanilan siilfoniliirenin bobrek yetmezligi riskini 6nemli 61-
¢lide arttirdig1 bildirilmistir [7].

Diyabetik ndropati, diyabetin en bilinen komplikasyonlarindan birisidir [8]. Diabe-
tes mellitus damarlar ve genel olarak kardiyovaskiiler sistem iizerinde olumsuz etkilere
sahiptir. Diyabette kalp yetmezligi, iskemik kalp hastaligi, periferik damar hastaliklari,
myokard enfarktiisii ve serebrovaskiiler hastaliklar riskleri artmistir [9]. Hipertansiyon
ile diyabet siklikla birliktedir ve bu iki iliskili hastalik birbirlerinin zararli etkilerini
artirtr [10]. Diyabet, bobrek komplikasyonlarma da yol agar ve kronik bobrek
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yetmezliginin sebeplerinden birisidir [11]. Retinopati ve katarkt da diyabetin kompli-
kasyonlar1 arasinda s6zii edilmesi gereken saglik problemleridir [12].

Saglikta biiyiik veri uygulamalari hakkinda yapilan bir¢ok arastirma ve iddiaya rast-
lamak miimkiin olsa da bazilarinin gergekgilikten uzak oldugunu rapor edenler de var-
dir [13]. Ciinkii saglikta biiyiik veri kullaniminin sagliga 6zgii baz1 sorunlar1 da vardir
[14]. Ornegin saglk verilerini serbestge kullanmak miimkiin degildir. Saglk verileri,
veri koruma hukuku agisindan dogas:t geregi hassas nitelikli verilerdir ve hemen her
ilkede hem yasal hem sosyal degerler agisindan korumaya yonelik kurallara tabidir.
Avrupa Birligine iiye iilkelerde bu koruma 2018 yilinda yiiriirliige giren Genel Veri
Koruma Yonetmeligi (GDPR: General Data Protection Regulation) ile hukuki koruma
altina alinmustir. Birgok yasal diizenlemede istisna kapsaminda islenen hassas verilerle
yapilan aragtirmalarin kamu yararma olmasi kosulu getirilmistir [15]. Saglikta biiyiik
veri $s0z konusu oldugunda veri 6znelerinin ¢ok sayida olmasi, bilgilendirilmis riza al-
may1 uygulanamaz hale getirebilmektedir. Bazi olumsuz kosullar olsa da Tipta biiyiik
veri, gelismekte olan bir alan olmaya devam etmektedir [16].

Gilinlimiizde, pek ¢ok kurum biiyiik miktarda veri toplamakta, kaydetmekte ve analiz
etmektedir. Bu verinin hacmi, olusturulma hizi ve degisik bicimlerde olabilmesi 6zel-
ligi nedeni ile bu tip veriye “biiylik veri” (big data) denir. Biiyiik veriden fayda elde
etmenin anahtar1 analizdir. Biiylik verinin toplanmasi ve kaydedilmesinin yarattig1 de-
ger pek azdir. Deger iiretebilmek i¢in verinin analiz edilmesi ve bunun sonuglarinin
karar vericiler ve kurumsal siiregler tarafindan kullanilabilmesi gerekir [17]. Bilyiik veri
kullaniminin diinya genelinde saglik sektorlerine bilyiik maliyet tasarruflari saglayabi-
lecegi vurgulanmaktadir [18].

Bu ¢aligma, ulusal elektronik saglik kayitlarina dayali olarak diyabetli kisilerde di-
yabeti olmayan kisilere gore bazi komorbiditelerin riskini belgelemeyi amaglamaktadir.

2 Yontem

Calismaya Akdeniz Universitesi T1p Fakiiltesi Klinik Arastirmalar Etik Kurulu tarafin-
dan onay verildi. Bu ¢alismanin veri kaynagi, Tirkiye'nin ulusal EHR sistemi olan e-
Nabiz'dir (https://enabiz.gov.tr/). 2019 yili sonunda 14 yas iistii 63.942.652 vatandasin
62.442.436'si1n (%97,7) saglik verisi sistem tarafindan saklanmaktaydi.

2.1  Diyabet Tams1

2019 yilinda 14 yas iistii olan kisilerin verilerini inceledik. Once diyabet hastas1 olan
tim kisileri tespit ettik. Diabetes Mellitus olma kriterlerimiz 1) HbAlc'min 48
mmol/mol (%6,5) lizerinde olmasi veya 2) ICD-10 kodlar1 E10-E14 olan diabetes mel-
litus tanist ile en az bir antidiyabetik ilag¢ recete edilmis olmasiydi. Sadece metformin
recete edilirse, prediyabet ve diger endikasyonlarda kullanildigi igin bu kisiler diyabet
olarak kabul edilmedi [19] veya 3) En az iki aglik kan sekeri 6l¢iimiiniin 126 mg/dl
iizerinde olmasi. Acil servisten veya 13.00-8.00 saatleri arasinda istenen aglik kan se-
kerleri ¢alisma dis1 birakildi. Veriler Nisan 2015'ten (e-Nabiz baslangict) 2019 sonuna
kadar tarandi. 14 yas iistii seker hastasi olmayan tiim vatandaslar kontrol grubunu olus-
turdu. Sistemdeki hastalara 2019 yilinda verilen ICD-10 tani kodlar1 analiz edildi.
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Tiirkiye’de hekimler tarafindan konulan tanilar, Ulke ¢apinda kullamlmakta olan
tiim elektronik saglik kayit sistemlerinde, Diinya Saglik Orgiitii tarafindan yayimlanmus
International Classification of Diseases (ICD) Revision-10, kisa adiyla ICD-10 olarak
bilinen Hastaliklarin Uluslararas1 Siniflandirilmasi Revizyon-10 kodlama ve siniflan-
dirma sistemine gore tutulmakta ve kodlanmaktadir (ICD-10 Version: 2019). Diinya
Saglik Orgiitii’niin yaptig1 giincellemeler es zamanl olarak Tiirkce versiyona yansitil-
maktadir. Cevirisine TCSB https://skrs.saglik.gov.tr adresindeki bir araytiizden ve web
servis olarak erisilebilmektedir. Biiyiik veri ortamindaki veri tabani taranirken DM igin
kullanilan ICD-10 tani kodlar1, tim alt kiritlimlar ile birlikte E10, E11, E12, E13 ve
E14°tiir.

COVID pandemilerinde hasta kabuliiniin azalmasi nedeniyle hastalik insidanslarinin
normalden daha diisiik olacagini diisiindiik. Bu nedenle 2019 verileri ile ¢calismay1 ter-
cih ettik.

2.2 Veri Ortam ve Veri Aktarim

Tiirkiye Cumhuriyeti Saglik Bakanligi’nda (TCSB) tiim veriler, raporlama ve analiz
icin anlik olarak Hadoop temelli bir biiyiik veri ortami olan Cloudera (Cloudera CDH,
v. 6.3.2)’ya aktarilmaktadir. Biiyiik veri ortaminda, Hadoop iizerinde, canli kaynaklar-
dan gelen verilerin yazilmasi ve giincellenmesi i¢in Kudu tablo tipinde depolama, rapor
verileri ve analitik olarak sorgulanacak olan tablolar i¢in ise Parquet tipinde depolama
format, veri kayit ve sorgulama i¢in Apache Impala (v. 3.2.0) sorgulama motoru kul-
lanilmaktadir.

Verilerin tutuldugu Impala sunuculari, Eyliil 2021 itibariyle toplamda 95 adet data
node (veri tutan) ve 2 adet coordinator node (sorgu ve talepleri diger sunuculara dagitip
toplayan) olmak iizere toplam 97 adetlik bir clusterdan olugsmaktadir. Tiim sunucularda
Centos 7 igletim sistemi kuruludur. Verilerin esas olarak islendigi sunuculardaki (data
node) toplam bellek 12.160 GB, toplam disk alan1 340 TB olup 190 adet Intel(R)
Xeon(R) Silver 4114 CPU @ 2.20 GHz (1900 gekirdek) islemci yer almaktadir.
Calismamiz, biiyiik veri ortaminda milyar satirlara ulasan tablolarda bulunan kayitlar
arasindaki belirli kriterleri karsilayan kayitlar arasindan secildigi igin bazi kisitliliklarla
karsilasilmig, bazi1 noktalarda se¢im yapilmasi gerekmis, ger¢ek olamayacak degerlerle
karsilagilmus, verilerin MO incelemeleri siirecinde dogru sonug vermesi ve sorgulama-
larda yiiksek performansin saglanmasi igin veri temizligi yapilmasi gerekmistir.

Biiyiik veri ortamindaki kayitlar TCSB tarafindan kimliksizlestirilmis (de-identifiye
edilmis) olarak islenmekte olup bu ¢aligma kapsamindaki erisim bu sekildedir. Veriler
timilyle TCSB biiyiik veri platformundadir. Bu ¢alisma kapsamindaki tiim sorgulama-
lar ve olusturulan tablolar, ayn1 platform {izerinde log kayitlari ile birlikte tutulmakta-
dir. Her bir idhash (Kimliksizlestirilmis Tekil Vaka Kaydi Numarasi)’na ait veriler, bu
¢alisma igin olusturulan tiim tablolarda aynmi idhash ile kayit altina alinmig boylelikle
tani, regete, islem, tetkik sonug tablolar arasi iligkiler kurulabilmistir. Calismanin ya-
pildig: bilgisayara aktarilan veriler sadece kiimiilatif sayisal degerlerden ve bunlardan
olusan tablolardan ibarettir. Bu aktarimlarin log kaydi biiyiik veri platformunda saklan-
maktadir. Sorgulamalar sonucu elde edilen sayisal degerler ve calismanin niteligine
gore hazirlanan sayisal tablolar, sistem iizerinden bilgisayara excel ve csv formatinda
aktarilmis, bize nihai olarak excel veya csv formatinda verilmistir.
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2.3  Analiz

Calismaya dahil edilecek vakalarda diyabete eslik eden diger hastaliklar 6zellikle ve
oncelikle kronik bobrek hastaligi, kardiyovaskiiler ve serebrovaskiiler hastaliklar, nef-
ropatiler, lipid metabolizma bozukluklari, retinopatiler ve ndropatik hastaliklar olarak
belirlenmistir. Bunlarin tan1 kodlar1, DM tan1 kodlarinda oldugu gibi ICD-10 kullanila-
rak ¢6ziimlenmis ve gruplandirilmistir. Komorbiditeler ve bunlart saptamak i¢in kulla-
nilan kodlar s6yleydi; Hiperlipidemiler (E78.0-E78.5), kalp yetmezligi (150), iskemik
kalp hastaliklar1 (121, 122, 123, 124, 125), kataraktlar (H25-H28), noropatiler (G63.2,
G73.0, G99.0, G59.0, E10.4, E11.4, E12.4, E13.4, E14.4), nefropati ve kronik bobrek
yetmezlikleri (N08.3, N18s, N19, E10.2, E11.2, E12.2, E13.2, E14.2), periferik dola-
stm bozukluklar1 (173.9, 178.8,178.9, E10.5, E11.5, E12.5, E13.5, E14.5), retinopatiler
(E10.3,E11.3, E12.3, E13.3, E14.3, H35.0, H35.2, H35.6, H35.8, H35.9, H36.0), akut
MI (121, 122), serebrovaskiiler hastaliklar (160, 161, 162, 163, 164, 165, 166, 167, 168,
169), hipertansiyon (110, 115.0, I15.1, 115.2, 115.8, 115.9).

Veriler Microsoft Excel 2016 ile analiz edildi. Havuzlanmis (yasa ve cinsiyete gore
agirliklandirilmis) odds orani (OO) ve giiven araliklarinin hesaplanmasi, Morris ve
Gardner'in tanimladig1 logit yontemiyle yapildi [20]. Herhangi bir kategoride sifir vaka
olmasi durumunda Excel'de say1 0.001 olarak girilerek bolmedeki sifir hatasinin 6niine
gegcilmistir. Giiven araliklari, her OO'ndan sonra parantez iginde belirtilmigtir.

3 Bulgular

Yillara gore toplam niifus verilerine TUIK *ten ulasilmustir. Bu niifus esas alinarak 2016
ve 2020 yillar1 arasindaki e-Nabiz kapsayicilik oranlari elde edilmis, buna gore kapsa-
yicilik orani sirastyla 2016 yili igin %91,0, 2017 yil1 i¢in %94,8, 2018 yil1 i¢in %96,6,
2019 yili i¢in %97,7 ve 2020 yili i¢in %99,1 olarak hesaplanmistir. Kapsayicilig1 bir
ornek ile anlatmak gerekirse toplam niifusa gore 2020 yilinda hayatta olanlarin
%99,1’inin e-Nabiz’da en az bir saglik kaydi bulunmaktadir. e-Nabiz sisteminin 15 yas
ve ustli nifusun oldukga biiylik bir boliimiinii kapsadigi ve 2016'da sadece %9'unu,
2020'de ise %0,9'unu disarida biraktigi tespit edilmistir.

Diyabetli vakalarda siklikla goriilen ve diyabete eslik eden hastaliklarin goriilme sik-
liklarina hem diyabetli polpiilasyonda hem de diyabeti olmayan poiilasyonda bakilmig
ve 2019 yil1 prevalans ve Odss Oran1 (OO) tablolar1 olusturulmustur. Incelenen komor-
biditelere ait veriler Tablo’da sunulmigtur.

Tablo. Diyabetik (DM) ve diyabetik olmayan (N) popiilasyonda bazi komorbid hastaliklarin
insidans1 (1/100000) ve odds oranlar1. IKH: Iskemik Kalp Hastaliklar1, KBY: Kronik Bobrek
Yetmezlikleri, PDB: Periferik Dolasim Bozukluklari, SVH: Serebrovaskiiler Hastaliklar, GA:

Giiven Aralig1.
Hastalik Kadin Erkek Toplam 00 (%95 GA)
DM N DM N DM
Hiper- 3.8 1,6 4,9 1,5 4,4 1,6 2,09 (2,09-2,10)

lipidemiler

14. Tip Bilisimi Kongresi Bildiriler Kitabi
Proceedings of 14th Turkish Congress of Medical Informatics 210
16-18 Mart 2023 / 16-18 March 2023



Kalp Yet- 0,8 0,4 1,0 0,4 0,9 0.4 1,85 (1,83-1,86)

mezligi
iKH 2,7 1,7 3,0 1,7 1,7 2,8 1,46 (1,46-1,47)
Kataraktlar 1,3 1,0 1,2 0,9 1,2 0,9 1,26 (1,25-1,27)
Noropatiler 2,5 0,3 2,6 0,2 2,5 0,2 10,42 (10,34~
10,50)
Nefropati, 0,8 0,3 1,0 0,3 0,9 0,3 2,89 (2,86-2,91)
KBY
PDB 0,8 0,3 1,0 0,3 0,9 03 2,65 (2,63-2,68)
Retinopatiler 1,2 0,2 1,6 0,2 1,4 0,2 4,61 (4,57-4,65)
Akut MI 0.8 0.4 12 0,5 1,0 04 2,04 (2,02-2,05)
SVH 34 2,1 33 1,7 33 1.9 1,73 (1,72-1,73)
Hipertansiyon 3343 1647 4218 1446 3779 1547 1,72 (1,71-1,72)
4 Tartisma

Diyabet kendisi kadar neden oldugu diger kronik hastaliklar itibariyle de 6nemli bir
saglik sorunudur. Calismamizda diyabetin neden oldugu ya da diyabetle birlikte en sik
goriilen hastaliklar incelenmistir. Komorbiditeler arasindaki nedensel iliskiyi agiga ¢1-
karmak i¢in hangi hastaligin 6nce ortaya ¢iktig1, digerinin kag yil sonra ortaya ¢iktigini
bilmek nedensel iliskiler konusunda mantik yiiriitmek i¢in yardime1 olabilir. Calisma-
mizda, geriye doniik uzun siireli verimiz olmadigt i¢in diyabet komplikasyonlarimn: ko-
morbiditeler olarak incelemek zorunda kaldik. Genel tip bilgisinden inceledigimiz ko-
morbiditelerin biiyiik oranda diyabet komplikasyonu oldugunu séylemek miimkiindiir,
ancak bu orani net olarak bilmek miimkiin degildir. e-Nabiz kapsayicilik orani 2019
yilt i¢in %97,7 olarak hesaplanmstir. Dolayisiyla, mevcut verilerin temsil yeteneginin
yiiksek oldugu soylenebilir.

Inceledigimiz hastaliklar iginde néropatinin diyabetlilerde 10,42 kat yiiksek oldu-
gunu gordiik. Retinopati ise 4.61 kat daha fazladir. Bu durum, Tiirkiye’deki diyabetli
popiilasyonunda kan sekeri kontroliiniin iyi olmadigini ve bunun bir halk saglig1 sorunu
olarak algilanmasi1 gerektigini gostermektedir. Hipertansiyon, kardiyovaskiiler ve se-
rebrovaskiiler hastaliklar diyabetli bireylerde diger bireylere gore 1,5-2 kat fazla goriil-
mektedir. Bu sonuglar, literatlirdeki bulgular1 dogrulamaktadir [8-12].

Diyabette en sik ortaya ¢ikan komplikasyonlar diyabetik nefropati, retinopati, ndro-
pati, diyabetik koma, kardiyovaskiiler hastaliklar gibi yasam1 ve yasam kalitesini tehdit
eden durumlardir. Diyabetli bir hastada en sik goriilen kalp ve dolagim sistemine ait ilk
iki tani, kalp yetmezligi ve periferik arter hastaligidir [21].

Bu ¢aligsma, ulusal bir elektronik saglik kayit sistemi tizerinde yapilacak smirliliklara
sahiptir. Bu tiir veritabanlart giiriiltiiliidiir, insan faktorii veya is akisi sorunlari, hatta
kasith baz1 yanlis veriler s6z konusu olabilmektedir. Teknik sorunlardan dolay1 kayip
veya hatal1 veriler olabilir. Aslinda tiim bu sorunlar1 ve daha fazlasin1 gézlemledik. Bu
nedenle bazi hatali veriler ¢alisma dig1 birakilmig, bazilart diizeltilmis, bazilar1 ihmal
edilmistir. Bu analiz sirasinda gézlemledigimiz problemleri ¢6ziime kavusturmak tizere
teknik caligmalart yaptik, yakin gelecekte uygulanacak yeni diizenlemeleri planladik.
Her haliikarda, sonuglarimiz mitkkemmel olmaktan uzaktir ve bu sonuglarin gergegin
kusurlu bir goriiniimii oldugunun farkinda olunmalidir [13].

Ulkeler i¢in énemli bir halk sagligi sorunu, bireyler icin yasam kalitesi ve siiresi
sorunu yaratan diyabetin dnlenmesi, ortaya ¢ikmasinin geciktirilmesi, neden oldugu di-
ger hastaliklarin Oniine gegilmesi ortak amaciyla sayillamayacak kadar ¢ok arastirma
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yapilmakta oldugu gézlenmektedir. Diyabet, sadece tip biliminin sorumluluguna bira-
kilamayacak kadar ciddi bir hastaliktir. Kan sekeri diizeyini siirekli olarak 6lgmek iizere
tiretilen cihazlar, besin 6gelerinin goriintiilerini islemek suretiyle alinan kalori miktarini
hesaplayan sistemler, giyilebilir sensorlerle giinliik fiziksel aktiviteleri kaydeden uygu-
lamalar ve dijital insiilin pompalar1 gibi pek ¢ok sistem stirekli olarak veri tiretmektedir.
Bu sayede biiyiik veriden bahsetmek miimkiin hale geldigi gibi bilisim diinyasina da
sorumluluklar diismekte, bu durum tip bilisimi alaninin dnemini ortaya ¢tkarmaktadir.

Kimliksizlestirilmis biiyiik verinin Kamu yararina ve belirli kosullar altinda arastir-
macilarin kullanimma sunulmasi halinde saglik ve bilisim ekiplerinin birlikte ¢alisma
motivasyonu artacagi gibi saglik bilisimi alaninin gelisimine de katki saglayabilir. Ano-
nimize biiylik verinin kullanima agilmasi i¢in kesin prosediirlere, hukuki diizenlemelere
ve teknik gelistirmelere ihtiya¢ vardir [14].

Elektronik ortamda gelistirilen klinik karar destek sistemlerinin ve yapay zeka ¢o-
ziimlerinin kullanimi bakimindan saglik profesyonellerinin direnci ile karsilasildig1 ya
da karsilagilabilecegine dair yorumlara katilmiyoruz. Gelistirme siirecinde, alan uz-
manlarinin deneyim ve bilgilerinin dikkate alinmasi ve saglik hizmeti sunumunu ko-
laylastiric1 bir role sahip olmasi halinde direncin aksine katilimi tesvik edecegi, sonug
olarak saglik profesyonellerinin sadece is yapis bicimlerinin degisecegini sdyleyebili-
riz. Bu degisim elbette tip biliminin de degisimini tetikleyecek, yeni hastalik tanimla-
malari, yeni tan1 ve tedavi teknikleri ve yaklagimlari ortaya ¢ikacaktir.

Elektronik saglik kayit sistemlerinin 6deyici kurumlarin taleplerine gore sekillendi-
rilmesi, sistemlerdeki is kurallariin bu yonde gelistirilmesi, bazi durumlarda veri kali-
tesine olumsuz yansiyabilir. Fatura odakli saglik kayit sistemleri, mevcut verilerden
klinik karar destek sistemlerinin iiretilmesinde engelleyici bir etki yaratabilir. Yapila-
cak ¢alismalarda bu faktdriin goz 6niinde bulundurulmasi ve hatalardan kaginilmasi ge-
rekir.

Bu ¢alisma sirasinda saglik tesislerinden veri génderimi ve e-Nabiz veri tabanina
alinmasi sirasindaki is kurallar gézden gegirilmis ve bazi ek diizenlemeler yapilmustir.
Veri kalitesinin 6nemi hakkinda tiim paydaslarda farkindalik yaratmaya yonelik ek ted-
birlerin alinmast iyi sonuglar dogurabilir. Tiirkiye, saglik sektoriinde kurdugu bilisim
alt yapisi ile birgok diinya iilkesinin 6niine gegmistir. Bundan sonraki agamada veri
kalitesini artirmaya odaklanilmali, ¢ok paydasli saglik sorumlulugu yaklagimi ile bu
sornlarin iistesinden gelinmelidir. Ciinkii bu kadar biiyiik veritabanlarinin bilim camia-
sina bilgi saglama yetenegine sahip olduguna inantyoruz. Ancak, diisiik veri kalitesi bu
tiir veritabanlarinda dnemli bir sorundur. Biiyiik sistemlerde veri kalitesini ve kapsa-
mini iyilestirmek icin siirekli bir caba harcanmalidir. Ote yandan DM gibi hastaliklarin
komplikasyonlari on yillar icinde gelistigi i¢in verilerin standardize edilmis olarak tu-
tulmasi hastalik ve komplikasyonlarinin olusturdugu hasarlarin uzun dénem izlenmesi
ve onlemlerin alinmas1 bakimidan da 6nemlidir.

Elektronik saglik kayitlarinin, biiyiik veri ve bilgi teknolojilerinin yardimiyla daha
iyi saglik hizmeti sunmaya yardimec1 olma potansiyeline sahip olduguna inaniyoruz.
Saglikta veri kalitesinin siirekli iyilestirilmesi, daha fazla bilimsel sorunu ¢6zmek i¢in
yiiksek hacimli, yiiksek kaliteli ve boylamsal verileri analiz etmemize ve saglik profes-
yonellerini desteklemek i¢in daha iyi bilgi araglari tasarlamamiza izin verecektir.
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Oftalmolojide Derin Ogrenme Yontemlerinin
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Ozet. Teknolojinin hizla ilerlemesi sonucu tip alaninda kullamlan yapay zeka
yontemlerinin sayis1 oldukca artmistir. Donanimsal alt yapinin gelismesi yapay
sinir aglarinin geligmis bir tiirevi olan derin 6grenme yontemlerinin oftalmolojide
de kullanilmasii kolaylastirnustir. Ozellikle fundus fotograflarimin ve optik
koherens tomografi(OCT) goriintiilerinin dijital ortamlara aktarilmasi ¢alisma
sayisinin  artmasint  saglamistir. Diyabetik retinopati, yasa bagli makula
dejenerasyonu, glokom, makiller 6dem, optik noropati, santral ser6z
koryoretinopati, prematiire retinopatisi konularinda yapilan ¢aligmalarda derin
ogrenme yontemleri ile erken tani, takip ve siiflandirilmast ile ilgili ¢aligmalar
yiriitiilmektedir.

Bu c¢aligmada derin 6grenme yontemleri ile Diyabetik retinopati, yasa bagli
makula dejenerasyonu, glokom, makiiler 6dem, optik noropati, santral serdz
koryoretinopati, prematiire retinopatisi hastaliklarinda kullanilan gériintii isleme
modelleri, kullanilan istatistiksel yontemler ve sonuglar1 ele alinmistir. Bu
makalede, oftalmolojide kullanilan derin &grenme yontemleri g¢aligmalar
incelenip sunulmustur.

Anahtar Kelimeler: Oftalmoloji, Retina, Derin Ogrenme Yéntemleri.

Deep Learning Methods in Ophthalmology
Implementation

Abstract: As a result of the rapid progress of technology, the number of
artificial intelligence directions used in the field of medicine has increased
considerably. The development of the hardware infrastructure has facilitated
the use of deep learning methods of artificial neural networks in ophthalmology.
In particular, the transfer of fundus photographs and optical coherence
tomography(OCT) images to digital environments has increased the number of
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work. Diabetic retinopathy, age-related macular degeneration, glaucoma,
macular edema, optical neuropathy, central serous chorioretinopathy,
premature retinopathy studies on deep learning methods and early diagnosis,
follow-up and classification are carried out.

In this study, deep learning methods and diabetic retinopathy, age-dependent
macula degeneration, glaucoma, macular edema, optical neuropathy, central
serous chordorinopathy, premature retinopathy diseases used in image
processing models, statistical methods used and consequences were discussed.
In this article, deep learning methods used in ophthalmology studies are
examined and presented.

Keywords: Ophthalmology, Retina, Deep Learning Methods.

1 Giris

Derin 6grenme, yapay sinir aglari kullanarak karmasik gorevleri 6grenmek igin
kullanilan bir makine 6grenmesi yontemidir. Derin 6grenme, yapay sinir aglari olarak
adlandirilan matematiksel modellerin kullaninmu ile gergeklestirilir [1]. Bu aglar, insan
beynindeki noronlar gibi iglev goriirler ve verileri birbirine bagh katmanlar halinde
iglerler. Bu katmanlar, her biri verilerin farkli 6zelliklerini 6grenmek igin optimize
edilmistir [2].

Derin 6grenme, tip alaninda bircok uygulama alani bulmustur. Goriintii isleme,
hastalik teshisi, tedavi planlamasi ve sonug¢larinin tahmini gibi bir¢ok alanda derin
6grenme yontemleri kullanilmaktadir.

Oftalmoloji, gérme yollar1 hastaliklari ve cerrahisiyle ilgilenen bir tip bilim dalidir.
Teknolojik gelismeler g6z hastaliklarinin  tam1 ve tedavi yaklagimlarini
degistirebilmektedir. Gerek tan1 koyma gerek tedavi yolu ¢izme konularinda derin
O0grenme yontemlerinin oftalmoloji alanindaki aragtirma sayilari artis egilimindedir
[3]. Sekil 1°de Oftalmolojide Derin 6grenme yontemleri kullanilan makale sayilari ve
atif sayilar1 gosterilmektedir. Tabloya gére 2016 yilinda 16 yayin- 54 atif yapildigi,
2022 yilinda ise 317 yayin-5814 de atif sayis1 goriilmektedir.
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Sekil 1- Oftalmoloji ile ilgili derin 6grenme yontemi kullanilan yapilan makale ve atif sayilar1.

2 Derin Ogrenme

Derin Ogrenme bir makine 6grenme yontemidir. Verilen bir veri kiimesi ile ¢iktilari
tahmin edecek yapay zekayi egitmemize olanak saglar. Derin 6grenme, yapay sinir
aglar1 olarak adlandirilan matematiksel modellerin kullanimi ile gergeklestirilir. Bu
aglar, insan beynindeki néronlar gibi islev goriirler ve verileri birbirine bagl katmanlar
halinde iglerler. Bu katmanlar, her biri verilerin farkli 6zelliklerini 6grenmek igin
optimize edilmistir.

Derin 6grenme, genellikle biiyiik miktarda veri kullanarak dgrenir. Ornegin, bir
gOriintli tanima sistemi i¢in bir¢ok farkli goriintii tizerinde egitilmelidir, bdylece sistem,
belirli bir nesneyi tanimak i¢in 6zelliklerini dgrenir.

Derin 6grenmenin bir diger énemli 6zelligi, 6zyinelemeli aglar kullanarak zaman
serisi verileri isleme yetenegidir. Bu tiir aglar, onceki girdilere dayali olarak gelecekteki
girdileri tahmin etmek icin egitilirler. Derin 6grenmenin baslica avantajlarindan biri,
insanlar tarafindan kolayca belirlenemeyen karmagik kaliplart taniyabilmesidir.
Ornegin, bir goriintii tanima sistemi, nesnenin rengi, boyutu, sekli ve konumu gibi
ozellikleri tek tek tanimak yerine, nesnenin tamamint bir biitiin olarak taniyabilir.

2.1  Derin Ogrenme Algoritmalar

Derin 6grenme algoritmalar1 verilerin ¢esidine, boyutuna, yapisina, hacmine ve
kullanilacak parametrelere gore farklilik gdsterebilir.
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1. Cok katmanli algilayicilar (Multi-layer Perceptrons - MLP): Cok katmanl
algilayicilar, en basit derin 6grenme mimarilerinden biridir. Bu mimaride, girdi
katmani, birden fazla gizli katman ve ¢ikti katmani bulunur.

2. Evrisimli sinir aglar1 (Convolutional Neural Networks - CNN): Evrisimli sinir aglar1,
goriintli igleme gibi gorsel verilerle ¢alisan problemler i¢in tasarlanmistir. Bu
mimaride, konvoliisyon ve havuzlama katmanlari gibi 6zel katmanlar kullanilir.

3. Uzun-kisa siireli bellekli aglar (Long Short-Term Memory - LSTM): Uzun-kisa
stireli bellekli aglar, metin ve dil gibi zaman serileri verileri ile ¢alisan problemler
icin tasarlanmistir. Bu mimaride, gegcmis verilerin hatirlanmasi i¢in 6zel bir bellek
mekanizmasi kullanilir.

4. Degiskenli otomatik kodlayicilar (Variational Autoencoders - VAE): Degiskenli
otomatik kodlayicilar, veri boyutunu azaltmak ve Oznitelikleri 6grenmek igin
kullanilir. Bu mimaride, kodlayic1 ve ¢6ziicii olmak tizere iki ayr1 sinir ag1 bulunur.

Bu mimariler arasindaki farklar, kullanilan katman tiirleri, parametreler ve probleme
ozgil 6zellikler gibi birgok faktdre dayanir. Ornegin, CNN'ler, 6zel konvoliisyon ve
havuzlama katmanlari kullanirken, LSTM'ler gecmis verileri hatirlamak igin 6zel bir
bellek mekanizmasi kullanir. Bu farkliliklar, her mimarinin farkli problemlere ve veri
setlerine uygunlugunu belirler.

2.2 Derin Ogrenme Katmanlari

Derin 6grenme algoritmalari, zellik ¢tkarma ve siniflandirma gibi gérevler i¢in bir dizi
katman igeren yapay sinir aglart kullanir.

Derin 6grenme katmanlari, bir yapay sinir ag1 igindeki farkli iglevlere sahip farkli
katmanlardir. Yapay sinir ag1, genellikle bir girdi katmani, bir veya daha fazla gizli
katman ve bir ¢ikti katmani igerir. Her katman, 6nceki katmanin ¢iktisini kullanarak bir
sonraki katmanin girdisini olusturur.

e Girdi katmani, aga veri girilen yerdir. Bu veriler genellikle sayisal olarak temsil
edilir ve 6l¢eklendirilir.

o Gizli katmanlar, girdi katmanindan aldiklar1 verileri isleyerek 6zellikleri ¢ikarmak
icin kullanilir. Her gizli katman, 6nceki katmandan aldigi ¢iktilari kullanarak
O0grenme siirecini gerceklestirir. Bu siirecte, katmanlar arasindaki baglantilar
(agirliklar) 6grenilir ve giincellenir.

e Cikt1 katmanu, girdi verilerinin bir sonucunu iiretir. Ornegin, bir simflandirma gérevi
icin, ¢ikt1 katmani, verilerin hangi sinifa ait oldugunu belirleyen sonuglar1 verir.

Derin 6grenme aglari, bu katmanlart bir araya getirerek Ogrenme islemini
gerceklestirir. Her bir katman, dnceki katmanin 6zelliklerini isleyerek daha karmagik
ozellikler Ggrenir. Bu, Ozellik ¢ikarma siirecinde, girdi verilerindeki O6zellikleri
tanimlayabilmek ve daha sonra smiflandirma veya tahmin gibi gorevler igin
kullanabilmek i¢in gereklidir.
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2.3  Evrisimli Sinir Ag1 katmanlari

CNN (Convolutional Neural Network) veya Tiirkge cevirisiyle evrisimli sinir agi,
ozellikle goriintii islemede kullanilan bir derin 6grenme modelidir. CNN, girdi olarak
aldig1 goriinti verilerini, 6zellik ¢ikarma, Oznitelik se¢imi ve siniflandirma igin
kullanilan bir dizi katman igerir. Bu katmanlardan bazilar1 sunlardir:

Evrisim katmanlari: Bu katmanlar, filtreler araciligryla girdi goriintiisiindeki
ozellikleri tespit etmek icin kullanilir. Filtreler, belirli bir boyut ve adimlarla girdi
goriintiisti tizerinde kaydirilir ve her bir konumda bir ¢ikt1 degeri tiretilir. Bu siireg, bir
dizi 6zellik haritasi tiretir ve her 6zellik haritasi, farkli 6zellikleri temsil eder.

ReLU katmanlari: Bu katmanlar, evrisim katmanlarinin ¢iktilarint alir ve bunlari
dogrusal olmayan bir fonksiyon olan ReLU (Rectified Linear Unit) fonksiyonuna
sokar. Bu fonksiyon, negatif degerleri sifira esitler ve pozitif degerleri sabit tutar. Bu,
agin daha iyi 6grenmesine yardimci olur ve ayni zamanda hesaplama yiikiinii de azaltir.

Havuzlama (Pooling) katmanlari: Bu katmanlar, 6zellik haritalarin1 6zetlemek igin
kullanilir. Bunun amaci, agin kiigiik kaydirma degisikliklerine kars1 daha hassas hale
gelmesini saglamaktir. Ornegin, maksimum havuzlama katmam, her bir 6zellik
haritasindaki maksimum degeri alarak yeni bir dzellik haritas: olusturur.

Tam bagli katmanlar: Bu katmanlar, 6zellikleri siniflandirmak i¢in kullanilir. Bu
katmanlar, girdileri belirli bir sayida norona baglayarak, agirliklar ve biaslar kullanarak
ciktilar1 hesaplar. Bu, agin dogru siniflandirmay1 yapmasina yardimci olur.

CNN'lerde, bu katmanlar genellikle birbirinin ardindan siralanir ve son katmanda bir
¢iktr dretilir. Bu ¢ikti, 6rnegin bir goriintliniin siifin1 temsil edebilir. Sekil 2°de
Evrisimsel Sinir Aglar1 yapilarinin 6rnegi gosterilmistir. CNN'ler, 6zellikle goriinti
smiflandirma, nesne tanima gibi bircok goriintii isleme goérevinde basarilt sonuglar
verir.

op|
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coavolution + pooting layers fully connected layers

Sekil 2- Evrisimsel Sinir Aglarinin Yapisi [4].
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3. Oftalmolojide Kullanilan Derin Ogrenme Uygulamalar

Derin 6grenme uygulamalari, 6zellikle retina fundus goriintiileri ve OCT goriintiiler
izerinde g¢alismalar yapilmaktadir. Bu caligmalar da kan damari segmentasyonu,
glokom tespiti, prematiire retinopatisi, optik diskin segmentasyonu, diyabetik
retinopati, yasa bagli makula dejenerasyonu konulari agirlik kazanmaktadir.

Derin 6grenmenin oftalmolojide ilk uygulama alani olarak tarama testlerinde
kullanilmasi beklenmektedir. Glokom, DR ve prematiire retinopatisi gibi hastaliklarin
tarama ve uzun donem takiplerinde kullanilabilecektir.

3.1.Yasa Bagli Makula Dejenerasyonu

Makula; sar1 nokta da denilen ve keskin gormeden sorumlu retina tabakasinin ortasinda
¢ok kiiciik bir alam1 kapsamaktadir. Makula dejenerasyonu, bu sar1 noktanin
hasarlanmasi sonucu ortaya ¢ikar. Makula dejenerasyonunun gelismesinde temel risk
faktorii ilerleyen yastir. Makulada fotoreseptor, retina pigment epiteli (RPE), Bruch
membran ve koriokapillarisin etkilendigi komplike bir dejeneresans olarak ortaya ¢ikar.
Gelismis lilkelerde 65 yas ve tizeri kisilerde santral gorme kaybinin en sik nedenidir

[3].

2019 yilinda Diinya Saglik 6rgiitiiniin “Vision 2020” raporunda diinyada 196 milyon
yasa bagl makula dejenerasyonu hastasi bulunmaktadir[6]

Grassman ve ark. 3654 hastadan elde ettikleri 120656 etiketlenmis fundus goriintiilerini
derin 0grenme modellerini egitmek i¢in kullanmiglardir. Olusturduklar1 sistemde
fundus goriintiileri esit aydinlatma ve renk dengesine sahip olacak sekilde normalize
etmiglerdir. Daha sonra, AlexNet, GoogleNet, VGG, Inception-V3, ResNet, 101
katmanl1,37 ve Inception-ResNet-V2 derin 6grenme modellerini egitim i¢in kullanip
simif tahminlerini toplamiglardir. Elde edilen tahminleri de rastgele orman(random
Forest) yontemi ile 13 sinifa ayirmislardir. Sistemin dogrulugnu ise 5555 fundus
goriintiiden olusan Augsburg Bolgesinin Saglik Arastirmasi (KORA) veritabaninda
testini gergeklestirmislerdir. Buna gore sistemin %94,3’liik dogru oranda siniflandirma
yaptigini saptamislardir [7]

Gonga ve ark. Yasa bagli makula dejenerasyonunun diinyadaki gérme kaybinin {igiincii
nedeni olarak vurgulamislar ve diinyadaki korliigiin %5,6 sinin yasa bagli makulanin
neden oldugunu belirtmislerdir [8]. Burlina ve arkadaslar1 5664 fundus goriintii ile
yaptiklar1 caligmada, lezyonlarin tespitini yapmadan derin 6grenme yontemi
uygulamuslardir. Goriintiileri baslangig-orta ve ileri olarak 3 sinifa ayirmuslardir.
Sonuglar1 da oftalmologlar ile karsilastirdiklarinda Derin 6grenme dogruluk oranlarinin
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%79,4-%93,4, oftalmologlarin dogruluk oranlarnm ise %75,8-%95,2 arasinda
oldugunu bildirmislerdir [9].

Govindaiah ve ark. VGG 16 mimarisini kullandiklar1 ¢aligmlarinda 116875 goriintiiyii
kullanmislardir. Tiim goriintiileri bir standart halinde islemek i¢in , goriintiileri makula
merkezinde ortalanacak ve bir referans goriintiiniin boyutuna uyacak sekilde yeniden
boyutlandirmislardir. VGG 16 katmanlt mimariye gére 2’1i siniflandirmada %92,4 Liik
dogruluk orani, 4°li siniflandirmada %83,2°lik dogruluk orani yakalamuislardir [10].

Peng ve ark. DeepSeeNet adini1 verdikleri derin 6grenme yonteminde Inception-v3
mimarisini kullanmiglardir. Toplam da 317 katmandan olusan bu mimaride 58402
goriintii egitim icin kullanilmistir. Retinada ki druseni saptayan alt ag1 (kiiclik/yok, orta
ve biiyiikk) Drusen-Net (D-Net)olarak isimlendirmislerdir. Pigment anormalliklerinin
varligini veya yoklugunu saptayan alt agi, Pigment-Net (P-Net); yasa bagli makula
dejenerasyonunun varligini veya yoklugunu saptayan alt agi ise LA-Net olarak
isimlendirmislerdir. Sonuglart retina uzmanlar1 ile Kkarsilastirmiglar, LA Net
saptanmasinda uzmanlara gore daha diisiik performans gosterdigini (dogruluk 0,967 -
0,973) tespit etmislerdir. Diger alt aglarda ise D Net (dogruluk 0,742 — 0,696), P
Net (dogruluk 0,890 -0,813) oranlar1 ile uzmanlardan daha iyi sonuglar elde
etmiglerdir [11] .

3.2. Prematiire Retinopatisi (ROP)

Prematiire retinopatisi (ROP), erken dogan bebeklerde gelismesini tamamlayamayan
retina kan damarlar1 bir hastaligidir [12]. Prematiire bebeklerde gorme bozuklugunun
ve hatta geri doniisiimsiiz korliigiin dnemli bir nedenidir . Agirlikl olarak diisiik viicut
agirligi ve erken gebelik donemindeki prematiire bebeklerde goriiliir [13].

ICROP(International Committee for the Classification of ROP) hazirlamis oldugu
rehbere gore hastaliginin asamalar1 ve tedavi yontemleri belirlenmistir [14]. Bu
hastaligin teshis edilmesinde retina arka kutuplarinin arteriyel kivrimlanma ve vendz
dilatasyonu durumuna gore smiflandirmasi yapilmaktadir. Derin 6grenme ile yapilan
caligmalar bu dilitasyonu ve kivrim  durumlarmi  belirlemek amaciyla
olusturulmaktadir.

Luo ve ark. uzak bolgelerde prematiire retinopatisinin zamaninda taranmasini ve tes
hisini ger¢eklestirmek i¢in kapsamli bir teletip sistemi olusturmustur. Bu sistemde derin
6grenme sistemi egitiminde 1200x1600 ¢oziiniirliikli 500 ROP goriintiisii ve 400
normal goriinti kullanmislardir. Goriintiileri Resnetl01 modeline dayali sinir ag1
egitimi igin 224x224 piksel boyutuna Olgeklemislerdir. Veri kiimesinin dlgegini
genisletmek i¢in tiim goriintiilere rastgele Gauss bulanikligi, 6teleme, dondiirme ve
kontrast gelistirme uygulamiglardir. Sonug¢ olarak teletip yOntemiyle retina
gorilintiilerini %75 dogru siniflandirmislardir [15].

Brown ve ark. 8 saglik merkezi ile yaptiklar1 Kohort aragtirmasinda 5 yil boyunca 5511
retina goriintiisii toplamiglardir. Bu goriintiileri uzman 3 oftalmolog ile etiketlemisler,
daha sonra derin 6grenme mimarilerinden U-net’i kullanmislardir. Sonug olarak normal
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tani i¢in 0,94 plus hastalik icin %92’lik bir dogrulama elde etmislerdir. Calismalarinda
8 ROP uzman ile karsilagtirmislar ve dogruluk oranlarinda 6’sindan daha iyi sonuglar
elde etmislerdir [13].

Tan ve ark. Avustralya ve Yeni Zelenda bolgesinde yaptiklar: arastirmada, baglangigta
4926 tanimlanamayan fundus goriintiisii almislardir. Goriintiiniin biiyiik 6l¢iide odak
dis1 olmamasi ve goriintiiniin bulanikliktan etkilenmemesi sartlariyla manuel olarak
derecelendirmistir. Derecelendirmenin ardindan, 6n isleme ve veri artirma igin 3487
fundus goriintiisiinii caligmaya dahil etmislerdir. Son egitim seti i¢in goriintii sayisini
artirmak amaciyla kirpma ve yatay ¢evirme dnislemleri yapmislardir. Sonug olarak Plus
hastaliginin teshisinde 0,82 dogruluk oranini elde etmislerdir [16].

3.3.Diyabetik Retinopati

Diyabet diinya ¢apinda 476 milyondan fazla insani etkilemektedir [17]. Diyabetik
retinopati (DR), gozdeki ince damarlari etkileyen bir vaskiilopatidir ve diinya ¢apinda
onlenebilir korliigiin 6nde gelen nedenlerinden biridir [18]. Diyabetik hastalarin %40
ile 45' hastalarin yasamlarinin bir noktasinda DR'ye sahip olma olasilig1 yiiksektir;
bununla birlikte, DR hastalarinin yarisindan azi durumlarinin farkindadir. Bu nedenle,
DR'nin erken teshisi ve tedavisi olduk¢a 6nemlidir.

Gargeya ve ark. 75137 fundus goriintiisii kullanarak olusturduklar1 otomatik teshis
sisteminde her gorinti 0 ve 1 tam etiketiyle iliskilendirmislerdir. Goriintii
standardizasyonu igin goriintii piksel degerlerini 0 ila 1 araligindaki degerlere
6lgeklendirip, ig retinal daire kirpilarak goriintiilerin boyutu 512x512 piksellik standart
bir ¢oziniirlige kigtltilmiistiir. Egitim modelini, MESSIDOR 2 ve E-Ophtha veri
tabanindaki goriintiileri ile test etmislerdir. Bu testlerde sirasiyla 0,94 ve 0,95 dogruluk
oranlarini yakalamslardir [19].

Gulshan ve ark. diyabetik retinopati taramasi i¢in Amerika Birlesik Devletleri'ndeki
EyePACS ve Hindistan'daki 3 goz hastanesinden (Aravind Eye Hospital, Sankara
Nethralaya ve Narayana Nethralaya) geriye doniik olarak makula merkezli retinal
fundus goriintiileri elde etmislerdir. Toplam 128.175 retinal goriintiiden olusan veri seti
ABD lisansli 54 oftalmolog ve oftalmoloji kidemli asistanindan olusan bir grup
tarafindan etiketlendirilmistir. Bu ¢alismada derin 6grenme mimarilerinden Inception
v3 kullanilmigtir. Gelistirilen veri modelinde hassasiyeti yiiksek ikinci bir ¢alis ma
noktasi kullanildiginda, EyePACS-1 igin hassasiyet %97,5 ve ozgiillik %93.4 ve
Messidor-2 i¢in hassasiyet %96,1 ve 6zgiilliik %93,9 olarak tespit etmislerdir [20].

Ting ve ark., ortalama yas1 60,2 olan 14880 hastadan alinan 71886 goriintii ile
yaptiklar1 arastirmada 3 kademeli etiketleme islemi gerceklestirmislerdir. Tim
goriintiileri 1 mega piksellik JPEG sikigtirma yontemi ile kiigiiltiilmiistiir. Gérmeyi
tehdit eden diyabetik retinopati i¢in dogruluk orani 0,958, yonlendirilebilir diyabetik
retinopati icin dogruluk oranini 0,936 olarak hesaplamislardir [21].
3.4.Glokom

Glokom hastalig1 korliige yol acabilecek en biiylik durumlardan biridir [22]. Goz igi
basincin artis1 nedeniyle optik sinirlerin tahribati ile sonuglanan bir géz hastaligidir.
Glokom, optik sinirin atrofisine neden olarak agrisiz ve ilerleyici optik néropatiye ve
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gorme alani kaybina yol agar [23]. Hastalik olduk¢a yavas ilerler ve miidahale
edilmedigi siirecte gérmede siirekli bir azalma yasanir. Bu yiizden glokom hastaliginin
erken tan1 ve tedavi ile kontrol altina alinmasi olduk¢a dnemlidir.

Muhammed ve ark . glokom teshisi i¢in genetik algoritma, pargacik siirii
optimizasyonu, yarasa algoritmasi, salp siirii algoritmas: ve denge optimize edici gibi
diger optimizasyon algoritmalariyla egitilmis geleneksel gradyan tabanli derin 6grenme
ve derin 6grenme ile karsilastirmistir. Veri setinde 337 kisiden 93'li glokoma vakasi ve
244" normal vaka yer almaktadir. Minimizasyon ve maksimizasyon problemini
¢ozmek icin yapay alg algoritmasini kullanmislardir [24]. Bu algoritma, sistemin global
aramasini ve ¢esitliligini artirmaya yardimci olan {i¢ control parametresine (enerji
kaybi, adaptasyon parametresi ve kesme kuvveti) sahiptir. Sonug olarak derin 6grenme
tabanli glokom tani sisteminde 0,9815 dogruluk oranini yakalamiglardir [24].

Lavric ve ark., herkese agik olan Acrima veritabanini kullanarak Glaunet isimli yeni
bir derin 6grenme modeli gelistirmistir. Veri setinde 396 glokom ve 309 normal
gOriintii yer almaktadir. Damar konumlarinin belirlenmesinde yinelemeli bir filtre
kullanarak sistemi egitmislerdir. Bu mimaride, CNN aglarindan farkli olarak, sifirdan
egitilmis ve transfer 6grenmenin kullanilmamis olmasi %99,05 gibi ¢ok yiiksek bir
dogruluk orani elde etmelerini saglamistir [25].

4. Sonug ve Tartisma

Oftalmoloji alaninda son 7 yildir derin 6grenme modellerinin siklikla kullanildigi
goriilmektedir. Hastaligin tan1 ve takibinde bazi yontemlerin insanlardan daha ytiksek
dogruluk oranlar1 yakaladig1 gézlemlenmektedir. Her hastaligin teshisinde farkli derin
o0grenme mimarileri kullanilabilmektedir. Bunun en biiyiilk nedenlerinden biri
goriintiilerde net bir standartin olmamasidir. Goriintii elde edilmesinde kullanilan
cihazin oOzellikleri, 151k, netlik ve ¢oziiniirlik gibi etkenler derin 6grenme
algoritmalarinin sonuglarini oldukga etkilemektedir.

Incelenen caligmalardaki bazi modellerin sadece lokal veriler ile egitilmesi sistemin
miikemmelligini gostermemektedir. Ozellikle Fundus goriintiilerin artmas ile derin
6grenme algoritmalarinin uzun donemde yapay zekanin hastaliklarin erken tanisinda ve
takibinde 6nemli bir rol iistlenecegi diisiiniilmektedir. Ozellikle uzman doktora sahip
olmayan yerlesim yerlerinde, teletip yontemiyle zamandan ve mekandan bagimsiz
olarak bu sistemlerin yardimci olmasi dngoriilmektedir.

Ozellikle hastalarin gecmisi, demografik bilgisi ve fundus gériintii bilgisi gibi zengin
veriler olusturularak yeni modeller olusturulabilir.
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1. Giris

Olayla ilgili potansiyeller (OiP'ler), belirli olaylara veya uyaranlara yanit olarak beyin yapilarinda iiretilen gok
kiigiik voltajlardir (1). OIP’ler, zihinsel siireglerin psikofizyolojik bagmtilarmi incelemek igin giivenli ve invaziv
olmayan bir yaklasim saglayan duyusal, motor veya biligsel olaylarin zamana bagl elektroensefalografi (EEG)
degisiklikleridir. Olayla ilgili potansiyeller, ¢ok ¢esitli duyusal, biligsel veya motor olaylarla ortaya ¢ikarilabilir.
Sézel dil yetimizi etkileyen santral lezyonlar klinik agidan ¢ok iyi olarak tanimlanmistir, ancak anadilimiz Tiirk¢e
icin bu endojen potansiyelleri indiikleyebilecek standart bir protokoliin olmamasindan dolay1 s6zel olaya iliskin
potansiyeller ile ayrintili bir sekilde ¢alisilmamigtir. S6zel olaya iliskin potansiyellerin incelenebilmesi igin gerekli
olan paradigmay1 olusturmak zaman alici oldugu gibi birden fazla arastirmacinin siireci tekrar etmesi hem zaman
kaybini arttirmakta hem de sonuglarin karsilagtirilmasini zorlagtirmaktadir. Paradigmada yer alan ciimlelerdeki
degisen derecelerdeki anlamsizlik ortaya ¢ikan N400 yanitinin genliginin degismesine neden olmakta, bu da farkli
uyaranlart kullanan farkli ¢aligmalar arasindaki sonuglari karsilagtirmanin zorlagmasina sebep olmaktadir. Bu
calismanin amaci, sozel olaya iliskin potansiyellerin incelenebilmesi i¢in bir Tiirkge protokol olusturmaktir.
Boylece sozel olaya iliskin potansiyeller elektrofizyolojik olarak detayli incelenebilecek ve ileriki ¢aligmalarda
santral sinir sistemindeki lezyon lokalizasyonlar1 ile s6zel olaya iligskin potansiyellerin N400 bileseni ile nasil
etkilendigi anlasilabilecektir.

Literatiiriin hizli biiylimesiyle N400 ile ilgili farkli teoriler gelistirilmistir. Bunlardan bazilar1 ndrofizyolojik
diizeyde konuyu ele almakta, N400'den sorumlu beyin agimni / aglarin1 tanimlamaya calismakta (3, 4) veya belirli
bir sinir iglevine baglamaktadir (2). Digerleri, N400'i ortografik / fonolojik analiz (5), anlamsal bellek erisimi (6,
7) veya anlam bilimsel gibi belirli biligsel islem(ler) ile esleyerek islevsel bir diizeyde kavramsal birlesme (8)
olarak ¢ercevelenmistir.

2. Yontem

Bu ¢alisma kapsaminda Robert D. Van Valin’in “Semantic Macroroles in Role and Reference Grammar” yazisini
temel alan, hatasiz, semantik hatali ve sentaktik hatali, kuralli Tiirk¢e climlelerden olusan bir paradigma
olusturulmustur (9).

Paradigma olusturulduktan sonra hatali ve hatasiz climlelerin anlamlilig1 yiiz yiize ve online olarak yapilan anket
ile degerlendirilmistir. Her climle ortalama 30 katilimci tarafindan degerlendirilmis ve anket sonunda her ciimle
icin ortalama bir puan elde edilmistir. Boylelikle EEG kaydi sirasinda kullanilacak olan uyaranlar se¢ilmistir.
OIP’lerin indiiklenmesinde kullanilan standart paradigmanin uygulanmasi sirasinda, ciimleler gérsel olarak ve
ardisik gelen kelimeler olarak sunulmustur. Her bir kelime 650 ms durasyonla verilmis ve kelimeler arasi zamansal
mesafe 200 ms olarak ayarlanmistir. Her yeni ciimlenin basinda ekranin ortasinda 300 ms durasyonla bir yildiz
isareti sunulmus ve climlenin son kelimesinden sonra 1000 ms ara verilmistir. Bu ara sirasinda katilimcidan
anlama/degerlendirme sorusuna cevap vermesi istenmistir. Verilen ciimlenin Tiirk¢eye uygun ve anlasilir bir
climle olup olmadig1 sorusuna “evet/hayir” olarak oOniindeki sag veya sol butona basarak cevap vermesi
beklenmistir.

EEG ol¢iimleri 32-kanall1 “BrainProducts BrainAmp” amplifikatorii ve “BrainVision Recorder” yazilimi (Brain
Products GmbH, Almanya) kullanilarak, uluslararasi 10/20 elektrot yerlestirme sistemine gore yerlestirilen 30 adet
Ag/AgCl elektrottan unipolar olarak kayitlanmis ve iki kulak memesinin ortalamasi ise referans olarak
kullanilmigtir. G6z hareketlerinden kaynaklanacak artefaktlari belirlemek iizere sag goziin nazyon ve eksternal
kantus bdlgesine yerlestirilen elektrotlardan bipolar elektorokiilogram (EOG) kayitlamas: yapilmistir. Verilerin
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toplanmasi sirasinda tiim elektrotlarin empedanslari 5 kOhm’dan az olacak sekilde ayarlanmis ve EEG verileri
0.01-250 Hz 48 dB/oktav bant ile filtre edildikten sonra 1000 nokta/saniye 6rnekleme hizi ile sayisallastirilarak
bilgisayara kaydedilmistir.

EEG verileri “Brainvision Analyzer II”” (Brain Products GmbH, Almanya) programi kullanilarak analiz edilmistir.
Ham veriler degerlendirilmeden dnce 0.1-50 Hz arasinda bant gegiren filtre uygulanmis ve ardindan filtre edilmis
veriler belirli bir zaman penceresine gore segmentasyon islemine tabi tutulmustur. Segmentasyon isleminde N400
yanitinin elde edilmesi i¢in kullanilan paradigma icerisindeki her bir uyaranin geldigi an ’0’’ noktas1 olarak ele
alinmis ve kayitlar uyar1 6ncesi 200 ms ve uyar1 sonrast 1000 ms’lik zaman pencerelerine boliinerek 1200 ms’lik
EEG pencereleri olusturulmus ve artefaktli pencereler analiz disinda tutulmustur. Elde edilen zaman pencerelerinin
ortalamalar1 alinarak geleneksel olarak latens ve tepeden tepeye genlik degerleri analiz edilmis ve N400 ve P600
bilesenlerinin kaynagini belirlemek i¢in ise maksimum tepeden tepeye genlik degisiminin gozlendigi beyin
bolgeleri beyin haritalama yontemi ile tespit edilmeye c¢alisilmistir. Gelecek caligmalarda artefaktlardan
armdirtlmis zaman pencereleri elde edilen yanitlarin frekans igerikleri, farkli beyin bdlgeleri arasindaki
fonksiyonel etkilesimin derecesi ve uyarana verilen yanitin tutarlilifi gibi daha detayli analizler i¢in gesitli
matematiksel yontemler ile de degerlendirilecektir.

3. Sonuc ve Tartisma

Yapilan ¢alisma bir 6n caligma niteliginde oldugundan Srneklem sayisi az olup istatistiksel bir degerlendirme
yapilamamustir. Ancak caligmanin ana amact olan sézel olaya iliskin potansiyellerin degerlendirilmesine yonelik
bir paradigma olusturulmus ve paradigmanin N400 potansiyelini indiikledigi dogrulanmustir. Sekil 1°de bir kisiye
ait farkli beyin bolgelerinden almmis EEG sinyalindeki kayitlarda semantik hataya verilen yanitin yaklasik 400
milisaniyede pik degerine ulastig1 goriilmektedir. Referans climlelere verilen yanitlarda da 400 ms civarinda bir
negatiflik goziikse de semantik hataya verilen yanitin genligine gore oldukea diisiiktiir. Semantik hatali ciimlelere
verilen yanit ile referans climlelere verilen yanitlarin fark: alindiginda elde edilen fark egrisinin (Sekil 2) 438.
milisaniyede maksimum degere ulastig1 gdzlenmektedir (Sekil 3).

Ampitade (V)
o *

vubEne ¢
P

444444

Sekil 1 Semantik hatali ciimleye verilen yanit Sekil 2 Referans ciimleye verilen yamit ~ Sekil3 Semantik hatali ciimlelere ve referans
ciimlelere verilen yanitlarin fark

Literatiirde fonksiyonel manyetik rezonans (fMR) ve manyetoensefalografi (MEG) goriintiileme ydntemleri
kullanilarak yapilan ¢aligmalarda N400 potansiyelinin beynin sol temporal korteks bolgesinde maksimum degere
ulastig1 belirtilmistir (10). Calisma kapsaminda olusturulan Tiirk¢e paradigma ile yapilan deneylerde alinan EEG
kayitlariin gorsellestirilmistir. Sekil 4ve Sekil 5’te goriildiigii tizere literatiirle uyumlu olarak N400 potansiyelinin
genliginin sol hemisferde arttig1 tespit edilmistir.

fleriki calismalarda &rneklem sayisi artirilarak olusturulan paradigmanin N400 yamtimin genligi, latanst,
potansiyelin olustugu beyin bolgeleri gibi degiskenler agisindan istatistiksel olarak degerlendirilmesi
amaglanmaktadir.

14. Tip Bilisimi Kongresi Bildiriler Kitabi
Proceedings of 14th Turkish Congress of Medical Informatics 227
16-18 Mart 2023 / 16-18 March 2023



A
A
WA apt aw®
WA AR Al
v v
o v S a BN
o Al WY
~ £
AR NN
S "‘.\_"f" "\9
AN (A
no NP AP
A
N At

,\V\/"‘ =T
AW W
W e
‘.\v/‘:{“ R
L e
Al it
.\!(“,‘-‘-"4

Sekil 4 Beynin farkli bolgelerinden alinan kayitlar

Sekil 5 Beynin farkli bélgelerinden alinan
kayitlarin kantitatif genlik gosterimi
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Abstract. Magnetic Resonance Imaging (MRI) is an important modality with
exceptional soft tissue contrast. Due to its slow data acquisition process, im-
proving scanning time while preserving image quality with deep learning re-
construction methods have become an active probe area. FastMRI provides one
of the rare examples of necessary datasets that can be used to test MRI recon-
struction algorithms working on under-sampled k-space. FastMRI makes it pos-
sible to compare the results of different methods. FastMRI has made a progress
to create scientific synergy by enabling significant advances with large raw
MRI volumes. Deep learning models by means of this dataset has indicated re-
markable progress in reconstruction task at highly accelerated scans, but the
need for user expertise, complexity of training procedures, hardware limitations
still prevent reaching clinically acceptable performance levels. Ensemble of
deep learning models that do not require any further training or parameter tun-
ing have the potential of performing better than individual models. Although
these ensemble models have been applied to other tasks in the literature, they
have applied to reconstruction task in a very limited sense. In this study, we set
off to find out the potentials of ensembles of deep learning models. Three off
the shelf models, namely U-Net, Invertible Recurrent Inference Machine (i-
RIM) and E2E Variational Network, are implemented. We use three basic non-
trainable ensemble combiners, Max/Min, Averaging and Weighted Averaging
Combiner. Our results with FastMRI dataset show that basic ensemble models
are dramatically better than individual models in terms of commonly used eval-
uation metrics in reconstruction task.

Keywords: MRI, Deep Learning, Basic Ensembles.

1 Introduction

Over the past five years, there has been a substantial increase in research of MRI re-
construction methods based on machine learning [1-3] because of the advances of
algorithms and software platforms [4], [5]. Until recently, MRI reconstruction re-
search was limited to small datasets, which could only be collected if an agreement
with scanner vendors is established. Consequently, many researcher groups have lack
of infrastructure to collect necessary dataset for machine learning oriented reconstruc-
tion research. As a result, research groups lacking collecting necessary dataset en-
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counter obstacles in reproducibility of results and comparison the results of methods
with the literature [6].

FastMRI dataset enables MRI raw volumes that make progress in MRI reconstruc-
tion methods to replicate results and fair comparison. Parallel imaging (PI) and Com-
pressed Sensing (CS) have been used in clinical implementation as a conventional
method for years. However, because of artifacts and noise, acceleration rate is very
limited. Deep Learning (DL) techniques offer an alternative way with their improved
image quality in high acceleration rate [1] [7-12]. Nevertheless, using global recon-
struction quantitative metrics as SSIM, PSNR or NMSE for evaluation has swayed
toward optimization in good overall image quality by minimizing visible artifacts
with enhancing signal to noise ratio [13].

In the literature, ensembles in classification task are known to achieve better results
in comparison with base classifiers [14]. Furthermore, ensemble superiority in seg-
mentation competitions is stated by combining top rank base segmenters [15, 16]. On
the other hand, the usage of such ensemble combination can put a question mark in
the minds due to not being data adaptive and having the possibility of less perfor-
mance because of sensitivity in the performance of biased learners. In addition to this,
overfitting issues may lead to failure due to millions of learned parameters in architec-
ture. Considering MR reconstruction task, the use of ensembles is very limited in the
literature. Z-Net is the only ensemble study which focused on Sensitivity Networks
and different networks with different losses in view of comparing image enhancement
and reconstruction approach throughout the same model capacity [17].

In this study, we propose to ensemble well established deep learning models
which, produce significantly well results using their default parameters (i.e. without
the need for further tuning). This would allow practitioners to use the proposed sys-
tem directly without the necessity of fine tuning and making modifications on model
structure/architecture. Three basic combination methods are used for ensembling.

The rest of paper consists of six sections as follows. Section 2 summarizes
FastMRI dataset and its characteristics. Section 3 shows the trajectories implemented
for k-space for undersampling. Section 4 overviews the deep learning models and
ensemble methods together with combination rules. Section 5 introduces mostly used
evaluation metrics in reconstruction task. In Section 6, qualitative and quantitative
results are presented. We end up with our conclusion and discussion in Section 7.

2 FastMRI Dataset

FASTMRI dataset contains large-scale raw MRI data that includes 8344 volumes,
comprising of 167,375 slices, connected with in vivo examination belonging to a
range of MRI systems. Every fully sampled volume is obtained from either on one of
the three clinical 3T systems (Siemens Magnetom Skyra, Prisma and Biograph MR)
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or one clinical 1.5T system (Siemens Magnetom Aera). Conventional Cartesian 2D
Turbo Spin Echo (TSE) protocol and 15 channels knee coil array which are clinically
utilized by NYU School of Medicine are used for data acquisition. The dataset con-
sists of two pulse sequences, generating coronal proton-density with/ without fat sup-
pression (PDFS, 798 scans) and (PD, 796 scans) [18]. These are illustrated in Fig. 1.

(@) (b)
Fig 1. A proton-density weighted slice (a) with fat suppression (PDFS) and (b) without fat
suppression (PD).

The number of volumes allocated to each dataset is illustrated in Table 1. Training
and validation datasets could be used for the determination of fit model parameter or
hyperparameter values. Test dataset could be used for testing the results of different
approaches. The ground truths of test dataset are not publicly released to ensure the
models do not overfit test set. For the evaluation of results of models on test dataset, it
is needed to upload results to the public leaderboard at http://fastmri.org/.

Table 1. Categorization of Volumes and Slices in Each Set

Volumes | Slices
Multi Coil Single Coil Multi Coil Single Coil
Training 973 973 34,742 34,742
Validation 199 199 7135 7135
Test 118 108 4092 3903
Challenge 104 92 3810 3305

In this study, multicoil knee volumes were used for evaluation of networks and
consecutive studies.

14. Tip Bilisimi Kongresi Bildiriler Kitabi
Proceedings of 14th Turkish Congress of Medical Informatics
16-18 Mart 2023 / 16-18 March 2023

232



3 Trajectories

The undersampling part is carried out by masking k-space lines from a fully sam-
pled acquisition retrospectively. (Test and challenge volumes include undersampled
k-spaces). To simulate physically feasible accelerations in 2D data acquisitions, k-
space lines are excluded in the phase encoding direction. The same undersampling
mask is implemented on all slices in a volume. The overall acceleration factors are set
arbitrarily to either four or eight (standing for a four-fold or an eight-fold acceleration,
consecutively), with offering equal probability for each.

All undersampling masks are created by first involving some number of adjoint
lowest frequency k-space lines to procure a fully k-space region. Upon the accelera-
tion factor is four, central region of the fully sampled contains 8% of all k-space lines.
Upon acceleration factor is eight, 4% of all k-space lines are involved. For knee da-
taset, k-space lines that are remaining have been included uniformly at random, with
the probability set. Thus, on average, the undersampling mask carries through the
desired acceleration factor. Fig. 2 shows the k-space trajectories at four and eight-fold

acceleration factors.
(a) (b)

Fig. 2. K-space trajectories at a) 4-fold acceleration b) 8-fold acceleration

4 Methods

There have been much research attempt that is dedicated to mri reconstruction
from undersampled k-spaces for last few decades. Two broad technologies are
remarked namely Parallel Imaging and Compressed Sensing which allow
considerable reduction in acquisition time as well as keeping up diagnostic image
quality. Parallel Imaging (PI) techniques which exploit multi-channel receiver arrays
to make up for undersampling of k-space, such as SENSE (Sensitivity Encoding) [19]
and GRAPPA (Generalized Autocalibrating Partial Parallel Acquisition) [20] show
great success and are regularly utilized in clinical environment. On the other hand,
increasing acceleration factors cause losses in signal to noise ratio (SNR) that restricts
achievable acceleration in practice. Compressed Sensing (CS) [21] which provides the
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reconstruction of subsampled signals on condition that the signal which will be
reconstructed is sparse in some domain [22].

Compressed Sensing that could be combined with Parallel Imaging methods easily,
has allowed high acceleration factors. However, these could be complicated by
several factors in the clinical translation such as computational time in nonlinear
iterative reconstruction with requirement of computational resources that does not
exist in most clinical services, fine tune of regularization term which is empirical
approach and depends on specific application as well as being particular for each
patient.

Artificial intelligence surpasses at discovering patterns in data. Consequently, it is
the ideal tool to use the knowledge provided by MRI data into the image reconstruc-
tion task.

4.1 Deep Learning Models for MRI Reconstruction

Three deep learning models which have state of art results implemented in our
study as ensemblers are detailed below.

4.1.1 U-NET

Various deep learning techniques based on CNNs have tried to find solutions for
tackling with the MRI reconstruction task from the undersampled k-space data. Some
of these proposed methods is based on U-NET architecture. Many of UNET variants
have been applied to image-to-image prediction tasks like segmentation [23] and re-
construction [24]. The network we performed is just only standard model as a down-
sampling path followed an upsampling path without extra data consistency step. In
this implementation, 16, 32, 64, 128, 256 cascade of number of filters are only fea-
tured. Two 3%3 convolution blocks followed by normalization and RELU activation
functions implemented in downsampling and upsampling path with a similar struc-
ture. In addition to this, upsampling path has interleaved with bilinear up-sampling
layers that makes the resolution double between blocks [18].

4.1.2 Invertible Recurrent Inference Machine (i-RIM)

To solve the accelerated MRI problem in the fastMRI challenge [18], an invertible
Recurrent Inference Machine (i-RIM) for each of the challenges [25] in multi coil and
single coil were trained. (Only multi coil volumes were considered in this study).
Iterative learning to infer progresses with a popularity as a solver in inverse problems
despite of their memory requirements during training. It is linearly growing joint with
model depth, limiting in practice model relevance. In this implementation, an iterative
inverse model with constant memory which depend on invertible networks shun stor-
ing intermediate activations. Thus, the recommended approach gives a chance to train
models with 400 layers on 3D MRI volumes in reconstruction problem [25]. The
checkpoints of systems were directly downloaded and applied FastMRI data [26].

14. Tip Bilisimi Kongresi Bildiriler Kitabi
Proceedings of 14th Turkish Congress of Medical Informatics
16-18 Mart 2023 / 16-18 March 2023

234



4.1.3 E2E Variational Network (E2E VarNET)

E2E Variational Network is an extension version of variational methods by learn-
ing fully end to end [27]. Variational networks are modelled with generalized com-
pressed sensing methods in an unrolled gradient descent scheme. All parameters in
generalized compressed sensing method, involving prior model defined by kernel
filters and activation functions, weights are learned offline in training [8]. In E2E -
VarNET, undersampled k-space as input is applied to several refinement steps of the
same form. By contrasts with the variational network, E2E VarNET uses k-space
quantities rather than image space quantities. By the way, it is known that VarNET
models uses shallow convolutional networks with RBF kernel in total. But in the E2E
VarNET, these shallow CNNs replaced with UNETs. This could be like Variational
UNET. But this is also involving space intermediate data consistency. This could be
thought as Variational UNET with k-space data consistency. However, E2E VarNET
has a difference in learning sensistivity maps unlike used fixed sensitivity map com-
puted with PI in VarNET.

4.2 Basic Ensemble Methods

Ensemble learning combines various individual models to get better generalization
performance. Deep learning models with multilayer architecture have been indicating
better performance recently in comparison with the shallow or traditional models even
when the methods are overtrained. Deep ensemble models combine the advantages of
both the deep learning models and the ensemble learning in which better generaliza-
tion performance of final model [28]. Furthermore, ensemble learning also reduces
the variance of predictions as well as generalization error with combining the predic-
tions from multiple neural network models. Because deep neural models are nonlinear
and have a high variance that could restrict upon making prediction in final model.
Techniques for ensemble learning could be grouped by the varied part like training
data, model, how predictions are combined. With these techniques, it is hoped that
predictions from different networks and of different types, each with different
strengths, salutarily get together in a complementary way. Each contributes unique
viewpoints and diverging perspectives on subject to making a more refined and more
rounded understanding, with giving a better comprehensive sense in overall [29].

In this study, basic combination methods as the simpliest ensemble combiners
which, do not require any further training or parameter tuning, are proposed [30].
These three basic combination methods in this study are as follows:

e Min / Max Combiner. The minimum and maximum combination rules are
identical for each pixel value. In this combiner, min. and max. value of each pixel
coming from the result of all networks are assigned the result of reconstruction to
each volume.
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» Averaging Combiner. For each volume, each pixel is calculated by naive
averaging from all network results.

» Weighted Averaging Combiner. For each network, coefficients that are used for
weighted averaging are calculated by taking pseudo inverse between averaging each
reconstructed slice of all networks and its ground truth in validation dataset These
coefficients are used for reconstruction of volumes in validation and test dataset.

5 Evaluation Metrics

Three commonly used quantitative metrics are calculated there. One of these met-
rics is normalized mean square error (NMSE) defined in equation 1 as:

— (M

in which 1 is a reconstructed image volume, u is the fully sampled ground truth im-
age volume, respectively. || || is the squared Euclidean norm, and the subtraction is
computed as entry-wise. It must be noted that calculated NMSE merits normalise full
image volumes rather than individual slices because of strong variations across a vol-
ume [13].

The second quality metric is the Peak Signal to Noise Ratio (PSNR) that compares
local differences. The higher PSNR, the better the quality of reconstructed image. It
is defined in Equation 2 as:

@)

Mean square error (MSE) is the mean square error between u and # defined as

- . n is the number of entries in volume u.

The third quality metric is Structural Similarity Index (SSIM) that measures the
similarity between two images by utilizing the interdependencies among nearby pix-
els. The resulting similarity is calculated as in Equation 3.

3

As denoted in Equation (3), 4, and are the average pixel intensities in
and m,, 0,,,% and 06,2 are their variances, is the covariance between
and m, and c¢; and c, are two variables to balance the division; = (k, L)* and
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c =(k L)z. For SSIM values, a window size of 7 x 7 is chosen, k; = 0.01, k, = 0.03
are set, and L is defined as the maximum value of the target volume, L = max(v) [18].

The SSIM values ranges between 0 to 1, 1 means perfect match the reconstruct im-
age with ground truth. SSIM values 0.97, 0.98, 0.99 are generally accepted to be good
for quality reconstruction.

6 Evaluation Results

6.1 Quantitative Results in FastMRI Dataset

Networks with their ensembles results are shown in Table 2. In multi coil valida-
tion dataset, E2E Variational Network at PD acquisition shows better results except in
terms of NMSE, while averaging has notable performance at all for 4-fold accelera-
tion. Weighted average of E2E Variational Network, IRIM, UNET outperforms in all
evaluation metrics and all contrasts for 8 fold acceleration factor, in comparison with
their base network results. Ensembles has reduced the variance of predictions which
enable higher evaluation results in noisy prediction. As seen in Table 2, ensembles
methods have statistically better results at PDFS contrast. (Fat suppressed scan has
higher noise that makes details difficult to see because of high response of fat in MR
imaging).

Table 2. All Networks with Their Ensembles Results in Multi Coil Validation Data
Networks applied to FASTMRI Validation Data (Multi Coil)

Model  Acc.  Acq. MSE NMSE PSNR SSIM
ALL 1.882¢-11 0.006153 38.94 0.9157
4 PD 2.897e-11 0.002995 40.44 0.9513
i-RIM PDFS 8.569¢-12 0.009343 37.42 0.8797
ALL 4.005e-11 0.01024 36.3 0.8858
8 PD 6.619¢-11 0.006344 37.06 0.9231
PDFS 1.365¢-11 0.01417 35.53 0.8481
ALL 2.898e-11 0.007459 37.56 0.9061
4 PD 4.805¢-11 0.004624 38.36 0.9363
UNET
PDFS 9.719¢-12 0.01032 36.75 0.8757
ALL 5.77e-11 0.01212 35.15 0.8736
8 PD 1.001e-10 0.008954 35.36 0.9055
PDFS 1.484¢-11 0.01531 34.94 0.8413
ALL 1.293¢-11 0.00531 39.99 0.9283
4 PD 1.848e-11 0.002103 42.2 0.9631
E2E PDFS 7.322¢-12 0.00855 37.76 0.8931
VarNET ALL 2.472e-11 0.007479 37.82 0.9037
8 PD 3.928¢-11 0.003969 39.13 0.9423
PDFS le-11 0.01102 36.5 0.8647
ALL 1.301e-11 0.00471 40.26 0.9296
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PD 1.944¢-11 0.002074 421 0.9624
Averact PDFS | 6.516e-12 0.007372 384 0.8964
veraging ALL 2.676e-11 0.007399 37.73 0.9027
PD 4.357¢-11 0.00422 38.77 0.9397
PDFS | 9.792e-12 0.01061 36.68 0.8653
ALL 1.476e-11 0.004933 39.88 0.9266
PD 2.266e-11 0.002344 41.48 0.9589
Weighted PDFS | 6.773e-12 0.007549 38.27 0.8939
Averaging ALL 2.247e-11 0.006829 38.25 0.9069
PD 3.562¢-11 0.003577 39.58 0.9451
PDFS | 9.182¢-12 0.01011 36.91 0.8683
ALL 2.464e-11 0.007492 37.83 0.9226
PD 3.903¢-11 0.003946 39.09 0.9545
Max. PDFS 1.009¢-11 0.01107 36.56 0.8904
Combiner ALL 4.813¢-11 0.01135 35.64 0.8944
PD 8.132¢-11 0.007542 36.15 0.9293

PDFS 1.461e-11 0.01519 35.13 0.859
ALL 2.281e-11 0.006542 38.34 0.9212
_ PD 3.673e-11 0.003651 39.46 0.9553
Min. PDFS | 8.758¢-12 0.009461 37.21 0.8867
Combiner ALL 4.707e-11 0.01091 35.76 0.8914
PD 7.994e-11 0.007395 36.27 0.9286
PDFS 1.387¢-11 0.01447 35.24 0.8539

*Acc. and Acq. are the abbreviation of Acceleration and Acquisition, respectively. Red bold
indicates the best performance for each metric.

6.2 Qualitative Results in FastMRI Dataset

As illustrated in Fig. 3, qualitative results affirm quantitative ones in terms of im-
age quality. In Table 2, Weighted Average and Averaging from ensemble results
show better in terms of evaluation metrics and it could be observed from the residual
errors. By the first sight, figures are very similar each other, but difference in images
could be seen conveniently in distributed residual errors.

Ground

Truth

VarNET
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Weighted Min. Max.
Averaging Combiner Averaging Combiner

Fig.3. Reconstruction results of a specific multicoil validation slice at 4 fold acceleration.
(24 th slice of file1001458, a part of the PD validation set). The first row represents the refer-
ence and reconstruction results, consecutively, while the second represents the absolute error
named residual error when compared to the reference.
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7 Conclusion and Discussion

In this study, U-Net, i-RIM, E2E VarNET, and their basic ensembles were imple-
mented. It is seen that basic ensembles outperform all others in multicoil knee valida-
tion dataset. When thought in terms of long training times, computational costs, and
exact network design (parameter, modification, network mapping etc.), it is good to
see the generalization of ensembles’ positive improvements in multicoil knee dataset
without requirement of data/problem-specific design and parameter tuning. The en-
sembles show better impact especially on fat suppressed scans despite highly acceler-
ated.

It could also be nice to see other types of undersampling such as after regridding
for non-cartesian undersampling and other schemes as well. But it is not easy to gen-
eralize the networks in non cartesian sampling because of the unusual way of imple-
mentation for data fidelity step and unfamiliar position over the image.

Although deep learning approaches have high reconstruction quality at high
acceleration rate, clinically important details like Meniscus Tear could be partially
visible or lost in reconstruction phase. There is a requirement about developed
comprehensive metrics which detect and preserve necessary clinically important
details for reconstruction.
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Uzaktan Saghk Bilgi Sistemi Yazilimlarinin Minimum
Ozellikleri
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Oz. “Tele saglik”, saglik hizmeti alan kisi ile saglik hizmeti sunan kisinin ayni
fiziksel ortamda bulunmadigy, bilgi sistemleri araciligiyla ¢cevrimici ortamda bir araya
geldigi, COVID-19 pandemisi déoneminde diinya genelinde kullanimi yayginlasmis
bir saglik hizmeti sunumu yontemidir. Pandeminin uzun siireceginin anlagilmasi
karsisinda ertelenmesi miimkiin olmayan saglik hizmetlerinin ihtiya¢ sahiplerine
ulastirilmasinda ve pandeminin seyrinin yonetilmesinde bilisim sistemlerinin
kullanimina bagvurulmus, tele saglik hizmetine olan talep diinya genelinde artmistir.
T.C. Saglik Bakanligi “Dr. e-Nabiz” isimli Tele Saglik uygulamasmi baglatmistir.
Ozel saglik tesisleri de COVID-19 pandemisi siirecinde bilgi sistemleri araciligiyla
cesitli platformlarda tele saglik hizmeti sunmustur. Tele saglik hizmeti sunumunda
kullanilan bilgi sistemleri Uzaktan Saglik Bilgi Sistemi (USBS) basligi altinda
siiflandirilabilir. Mer’i mevzuat uyarinca USBS’lerin Saglik Bakanligi tarafindan
belirlenen ve ilan edilen minimum &zellikleri tasimasi gerekmektedir. Bu ¢aligmada
bu minimum 6zelliklerin hangi yontemlerle belirlendigi hakkinda bilgi verilmektedir.
USBS’lerin minimum ozelliklerinin Saglik Bakanlig: tarafindan belirli kriterlere gore
belirlenmesi ve gelisen ihtiyaglar ile teknolojiye gore diizenli olarak giincellenmesi ile
yazilimlarinin giivenliginin ve islevselliginin saglanabilecegi diisiiniilmektedir.

Keywords: Uzaktan Saglik ve Tele Saglik Hizmetleri, Saglik Bilgi Sistemleri, Saglik
Biligim Sistemlerinin Minimum Ozellikleri

Abstract. Tele-health is a health service delivery method that has become
widespread throughout the world during the COVID-19 pandemic, in which
the person receiving health care and the person providing health care are not in
the same physical environment, but come together online through information
systems. With the understanding that the pandemic will last for a long time, the
use of information systems has been applied in the delivery of health services
that cannot be postponed. Also tele-health provided benefits in managing the
course of the pandemic, and the demand for telehealth services has increased
worldwide. Ministry of Health of Tiirkiye launched “Dr. e-Pulse” which is a
public tele-health application. Private healthcare facilities also provided
telehealth services on various platforms through information systems during
the COVID-19 pandemic. Information systems used in telehealth service
delivery can be classified under the title of Remote Health Information
Systems (USBS). In accordance with the current legislation, USBSs must have
the minimum specifications determined and announced by the Ministry of
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Health. In this study, information is given about the methods by which these
minimum properties are determined. It is thought that the security and
functionality of these softwares can be ensured by determining the minimum
features of the USBSs according to certain criteria by the Ministry of Health
and updating them regularly according to the developing needs and
technology.

Keywords: Telehealth Applications, Healthcare Informatics, Minimum Requirements
of Telehealth Softwares

Giris

“Tele saglik”, saglik hizmeti almak isteyen kisi ile saglik hizmeti sunan kisinin ayn1
fiziksel ortamda bulunmadig, bilgi sistemleri aracilifiyla ¢evrimigi ortamda bir araya
geldigi ve COVID-19 pandemisi déneminde gerek Tiirkiye’de gerekse de diinya
genelinde kullanimi yayginlasmis bir saglik hizmeti sunumu yontemidir. Kimi zaman
“tele saglik” ve “tele tip” tanimlarinin birbirinin yerine kullanilabildigi goriilmektedir
[1, 2, 3, 4]. Diinya Saglik Orgiitii (DSO) “tele tip” i¢in “Mesafenin kritik bir faktor
oldugu durumlarda, hastalik ve yaralanmalarin teshisi, tedavisi ve Onlenmesi igin
gerekli bilgi aligverisi, halk saghigmi gelistirmek, arastirma ve degerlendirme
yapabilmek i¢in bilgi ve iletisim teknolojilerinin saglik profesyonelleri tarafindan
kullanilmas1” tanimi yapmaktadir [5]. “Tele saglik” ise uzun mesafeli klinik saglik
hizmetlerini, hasta ve profesyonel saglikla ilgili egitimi, saglik yonetimini ve halk
sagligmi desteklemek icin elektronik bilgi ve telekomiinikasyon teknolojilerinin
kullanilmasi olarak tanimlanmaktadir [6]. Bir baska deyisle, “tele saglik” terimi
yalnizca bir hastaligin teshis veya tedavisine yonelik klinik hizmetleri igermemekte,
sagligin korunmasi ve gelistirilmesi i¢in yiiriitillen faaliyetler ile saglik personelinin
egitimini igeren etkinlikleri de kapsamaktadir. Dolayisiyla “tele saglik” teriminin
kapsaminin “tele tip”tan daha genis oldugu diisiiniilebilir [3, 4]. Tirkiye’deki giincel
uygulama ve yiirtirliikteki mevzuatin kapsami da sadece klinik hizmetlerin sunumu ile
sinirlt olmayip “tele tip” tan ziyade “tele saglik” terimine daha yakindir. Bu sebeple,
makalede “tele tip” terimi yerine daha genis bir terim olan “tele saglik” terimi
kullanilmustir.

Saglik hizmetlerinin biiyiik c¢ogunlugu dogast geregi ertelenemez niteliktedir.
COVID-19 pandemisi ile birlikte kisilerin saglik tesislerine fiziksel erisimi tiim
diinyada kisitlanmusg, saglik hizmeti sunumuna ayrilan kaynaklar agirlikli olarak
COVID-19 tedavisine kaydirilmigtir. Pandeminin uzun siireceginin anlagilmasi
karsisinda ertelenmesi miimkiin olmayan saglik hizmetlerinin ihtiya¢ sahiplerine
ulastirilmasinda ve pandeminin seyrinin yonetilmesinde bilisim sistemlerinin
kullanimma bagvurulmus, tele saglik hizmeti sunmak icin tim diinyada ¢ok cesitli
araglar, uygulamalar gelistirilmis ve alt yapi1 diizenlemeleri yapilmistir [7, 8].
Tiirkiye’de de COVID-19 pandemisi ile birlikte gelisen yeni ihtiyaglart karsilamak
i¢in T.C. Saglik Bakanli1 “Dr. e-Nabiz” isimli Tele Saglik uygulamasini baslatmistir.
Oncelikle pilot illerde baslatilan Dr. e-Nabiz uygulamasi, COVID-19 hastalarim ve
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temashlarmi hekimleriyle bilisim sistemleri aracihgiyla bulusturmustur [9]. Ozel
saglik tesisleri de COVID-19 pandemisi siirecinde evinden disar1 ¢ikamayan riskli
veya temaslt kisiler ile bir saglik tesisine fiziksel olarak miiracaat etmeyi tercih
etmeyen kisilere yonelik olarak bilgi sistemleri araciligiyla saglik hizmeti sunmustur.
Gerek Bakanligin Dr.e-Nabiz sistemi gerekse de 6zel sektor tarafindan saglik hizmeti
sunumuna yonelik olarak gelistirilen ¢esitli bilgi sistemleri bir biitiin olarak Uzaktan
Saglik Bilgi Sistemi (USBS) baslig1 altinda smiflandirilabilir.

Uzaktan saglik hizmeti de mer’i mevzuatimizda agik¢a diizenlenmis, Saglik
Hizmetleri Genel Miidiirligii tarafindan Uzaktan Saghk Hizmetinin Sunumu
Hakkinda Yonetmelik (“Yonetmelik™) 10.02.2022 tarihli ve 31746 sayili Resmi
Gazete’ de yayimlanarak yiirtirlige girmistir [10]. Yénetmeligin 4. maddesinin birinci
fikrasmin (d) bendi uyarinca USBS, “Bakanlik tarafindan iiretilen veya Bakanlik
tarafindan tescil edilmek suretiyle uzaktan saglik hizmeti sunumunda kullanilmasi
onaylanan yazili, sesli veya goriintiilii iletisime imkan saglayan giivenli yazilimi”
ifade etmektedir. 5. madde uyarmnca, USBS’nin Bakanlik veya Bakanlik harici
yetkilendirilmis yazilim ireticileri tarafindan gelistirilmesi miimkiin olmakla birlikte
bu gelistirmelerin Bakanligin belirlemis oldugu minimum standartlara uygun olarak
yapilmast ve kullanimina baglanmadan &nce Bakanligin Kayit Tescil Sistemine (KTS)
tescil edilmesi gerekmektedir. KTS’de tescil edilmemis bir USBS’nin Tirkiye’de
saglik hizmeti sunumunda kullanilmasi hukuken miimkiin degildir. Tescilin usdl ve
esaslarmm Saglik Bilgi Sistemleri Genel Midiirligiince (Genel Midiirliik)
belirlenerek Bakanligin internet sitesinde ilan olunacagi yine 5. maddede diizenlenmis
olup bu dogrultuda KTS’ye kayit i¢in istenilen belgeler ve USBS’lerin sahip olmasi
gereken Ozellikleri tanimlayan USBS Alim Kilavuzu Genel Miidiirlik tarafindan
resmi internet sitesi lizerinden ilan edilmistir [11].

KTS, 25.08.2022 tarihli ve 31934 sayili Resmi Gazete’de yayimlanarak yiiriirliige
giren Saglik Bilgi Yonetim Sistemleri Hakkinda Yo6netmelik’in 4. maddesinin birinci
fikrasmnin (i) bendinde de tanimlanmakta olup ayn1 Yénetmeligin 5. maddesi uyarinca
saglik hizmeti sunumunda kullanilacak tiim bilgi sistemlerinin, KTS’ ye kayit olmalar1
ve Bakanlik tarafindan belirlenen veri tanimlarina, is kurallarina, yayimlanan yazilim
siirim notlarina, yayimlanan saglik bilisim standartlarina ve veri gonderimi
servislerine uyumlu olmalar1 gerekmektedir [12].

Saglik Bilgi Sistemleri Genel Miidiirliigii tarafindan USBS de dahil olmak iizere
saglik hizmeti sunumunda kullanilan ve Saglik Bilgi Yonetim Sistemi (SBYS) olarak
adlandirilabilecek tiim bilgi sistemleri Genel Miidiirliik¢e olusturulan bir komisyon
marifetiyle degerlendirilmekte, degerlendirme asamasinda yazilim tireticileri de hazir
bulunmakta  ve  komisyon tarafindan  basarili  bulunan  yazilimlar
https://kayittescil.saglik.gov.tr/ baglanti adresinde yer alan aktif listede ilan
edilmektedir. Denetimler diizenli araliklarla siirdiiriilmekte olup yeni yazilimlar
eklendikge liste giincellenmektedir. Ayrica, teknolojinin siirekli gelistigi gbz oniine
almarak Bakanlik¢a yazilim siiriim giincellemeleri yapilmakta, yazilim {reticilerinin
bu giincellemelere uygunlugu da Genel Miidiirliik tarafindan degerlendirilmektedir.
USBS yazilimlari da SBYS kapsaminda oldugu i¢in bu yazilimlarm KTS’de
yayimlanabilmesi icin Oncelikle saglamalar1 gereken minimum 6zelliklerin
belirlenmesi gerekmistir.
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Bu ¢alismanin amaci, Tiirkiye’deki saglik hizmeti sunucularinda kullanilmak istenen
USBS yazilimlarmimn saglamasi gereken minimum kriterlerin belirlenme siirecine ve
USBS denetimlerinde yazilimlarin minimum kriterlere uyumuna iligkin bilgi
vermektir.

Yontem

Bu ¢alismada USBS’lerin sahip olmasi gereken 6zellikleri tanimlayan USBS Alim
Kilavuzunun igeriginin olusturulmasinda izlenen yoéntem ve yapilan calismalar
aktarilacaktir. Izlenen yontem ve yapilan calismalar asagidaki iist basliklara
boliinebilir. Bununla birlikte bu iist basliklar hayatin ve biirokrasinin olagan akisinda
kat1 bir kronolojik sira izlememis, yeni fikirlerin ve revizyonlarmn yapilmasi ile zaman
zaman bir Onceki Ust basliga doniilerek yeniden inceme yapilmasi gerekmis, ara
versiyonlar diizenli olarak amirlere ve Bakanligin tababet, yazilim miihendisligi ve
hukuk alanindaki uzmanlarina sunularak, bu kisilerin goriis ve degerlendirmeleri
almarak ilerlenmistir.
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Mevzuata
uygunlugun
saglanmasi

Literatur
taramasi ve
dinya
orneklerinin

digertele saglik
tecrlibelerinden

ve taslagin
goruse
acllm

Kilavuzunilk
versiyonunun
yayimlanmasi

Sekil 1. USBS Alim Kilavuzunun igeriginin olusturulmasinda izlenen adimlar.

2.1 Admm 1: Mevzuata Uygunlugun Saglanmasi

USBS Kilavuzunun igeriginin olusturulmasinda 6ncelikli olarak Yonetmelikte ve
Yonetmelik haricindeki mer’i mevzuatimizdaki yiikiimliilikklerin karsilanmasi
hedeflenmistir. Saglik hizmeti sunumu mevzuatimizda detayli olarak diizenlenen,
devletin denetimine tabi tutulan bir alandir ¢iinkii kaliteli saglik hizmetine erisim
hakki, Anayasa ve pek cok uluslararasi sdzlesmeyle giivence altina alinan “yasama
hakki” ve “maddi ve manevi varhigmi gelistirme hakki”nin saglik alanmdaki
tezahiiriidiir. Kisinin 6ncelikle hayatta olmasmin ve sonrasinda da fiziksel, ruhsal ve
sosyal yonden iyilik hali iginde bulunmasmin diger temel hak ve Ozgiirliiklerini
kullanabilmesi i¢in bir 6n kosulu oldugu diisiiniildiigiinde bu haklarin diger temel hak
ve Ozgiirliikler ile kiyaslandiginda dogalar1 geregi ayricalikli bir konuma sahip oldugu
sOylenebilir [13]. Ayrica saglik hizmeti dogas1 geregi riskli bir alandir ve ne yazik ki
her zaman kisinin sagligina kavusmast ile son bulamayabilmektedir. Bu durum kimi
zaman saglik hizmetinin riskli dogast haricinde gelisen, saglik tesisine veya saglik
personeline atfedilebilecek kusurlardan kaynaklanabilmektedir. Yasal olarak kurallar
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belirlenmemis bir saglik hizmeti sunum yontemi kisinin sagligma mal olabilir. Son
olarak saglik hizmeti siireclerinde faaliyet gosteren personelin de haklarmmn
korunmast ve bu kisilere haklarinin ve yiikiimliiliiklerin belirli oldugu giivenli bir alan
tesis edilmesi biiyiikk 6nem arz etmektedir. Giivenli ve destekleyici caligma
ortamlarimin saglanmasi ile birlikte, saglik hizmeti sunumundaki kalitenin arttig
goriilmektedir [14]. Tim bu gerekgelerle uzaktan saglik hizmeti de Bakanlik
tarafindan 6zel olarak ¢ikarilan bir Ydnetmelik ile saglik hizmeti sunumuna iligkin
diger mevzuat cergevesinde belirli kurallara tabi tutulmustur.

2.2 Adim 2: Literatiir Taramasi Yapilmasi ve Diinya Orneklerinin
incelenmesi

Kilavuzdaki asgari standartlar belirlenirken literatiir taramasi yapilmig, diinya
ornekleri, tele saglik alaninda kullanilan yazilimlarin smiflandirmalart ve sahip
olduklar1 6zellikler incelenmistir.

2.3  Adim 3: Dr. e-Nabiz ve Diger Tele Saghk Uygulamalarindan Edinilen
Tecriibelerden Faydalanilmas:

Ayrica, COVID-19 pandemisinin basindan beri hem Saglik Bakanligi tarafindan
yiiriitiilen Dr.e-Nabiz tele saglik uygulamalarinin, hem de 6zel sektor tarafindan
hayata gecirilen gesitli tele saglik uygulamalarmimn tecriibelerinden faydalanilmistir.
Bu siirecte edinilen tecriibeler, karsilasilan zorluklar, zorluklarla basa ¢ikma
yontemleri diizenledigimiz odak grup goriismelerinde tartisilarak bir USBS’nin
saglamasi gereken minimum ozelliklerin bulundugu Kilavuz’un olusturulmasinda
kullanilmustir.

USBS iizerinde kullanict hesaplarinin yonetilmesine imkéan taniyan ara yiizlerin yer
almasina iliskin kriter, iz kaydina iliskin kriterler, ¢ift yonlii yazili ve sozli iletigime
imkan veren Ozellikler, hastaya ait tani1 kodlarmm ICD-10 kodlar1 kullanilarak
girilebilmesi gibi pek cok kriter bu dénemde edinilen tecriibeler neticesinde Kilavuz’a
eklenmistir.

Adim 4: Odak Gruplar ile Toplantilar Yapilarak Taslagin

Goriise Acilmasi

8-10 kisilik iki ayr1 grup olusturularak yapilan goriismelerde grup iiyelerinden en ¢ok
“Tele saglik sisteminde ses ve goriintii kaydi zorunlulugunun olmasi gerekir mi?”
sondaj sorusu icin goriislerini paylasmalari istenmistir. Bir diger sondaj sorusu ise
“Tele saglik kisisel verilerin giivenliginin sistem ile nasil saglanmasi gerekir?” olarak
belirlenmistir. Ayrica en gok goriis paylasilan sorulardan bir baskasi ise “Tele saglik
sistemi saglik hizmeti sunucusunda baska SBYS’ler ile entegre olmali mi yoksa
miistakil calisan bir saghk bilgi sistemimi olmali?” olarak tespit edilmistir. Bu
sorulara verilen yanitlar USBS i¢in asgari ozelliklerin belirlenmesinde énemli rol
oynamistir.
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Adim 5: Kilavuz Yayimlanmstir.

Toplantilar neticesinde iletilen goriis ve 6neriler dogrultusunda revizyonlar yapilmus,
Kilavuza son hali verilerek yayimlanmustir.

Bulgular

3.1 Mevzuata Uygunlugun Saglanmasi

Mevzuata uygunlugun saglanmasi kapsaminda asgari kriterlere eklenen bazi baslica
konu basliklar1 burada incelenecektir.

Yonetmelik ve mer’i mevzuattaki ylkiimliiliikleri karsilamak i¢in Kilavuz’da
USBS’nin sahip olmasi gereken ozellikler dncelikle iki ana baslik altinda incelenmis
olup bu ana bagliklar:

e Hastane Bilgi Yonetim Sistemi (HBYS), Muayenehane Bilgi Yonetim
Sistemi (MBYS), Aile Hekimligi Bilgi Sistemi (AHBS) ile entegre olmadan
calisabilen USBS’ler

e HBYS, MBYS, AHBS ile entegre olmadan galisamayan USBS’ler

Yukaridaki ayrim yapilmis ve entegre olmadan calisamayan USBS’ler igin ilave
ozellikler belirlenmistir. Bunun sebebi, Tiirkiye’de faaliyet gosteren saglik tesislerinin
Bakanligin merkezi veri kayit sistemine veri gonderme yiikiimliliigidiir. 3359 sayili
Saglik Hizmetleri Temel Kanunu’nun 3. maddesinin (f) bendi uyarmca kisilerin
sagligmim takibi ve saglik hizmetlerinin etkin yiiriitiilmesi icin Saglik Bakanligi
tarafindan tilke capinda elektronik kayit ve bildirim sistemi kurulmustur. e-Nabiz
Sistemi adi verilen, kisilerin de kendi saglik verilerine ulasabilmek igin yonergeler
dogrultusunda giivenli erisiminin saglanip kendi kullanici profillerini olusturabildigi,
aktif profil sayis1 68 milyonu gegen bu sisteme tiim saglik tesislerinin veri géndermesi
hukuken de zorunluluk arz etmektedir. 21.06.2019 tarihli ve 30808 sayili Resmi
Gazete’de yayimlanarak yiiriirlige giren Kisisel Saglik Verileri Hakkinda
Yonetmeligin 4. maddesinde e-Nabiz “e-Nabiz: Ilgili kisilerin saglik verilerine
kendilerinin, hekimlerin veya yetki verdikleri {iglincii kisilerin erisimini saglayan, e-
Devlet uygulamalarma uygun olarak Bakanlikga kurulan sistem” olarak
tanimlanmakta, 5. maddenin ikinci fikras1 da Saghk Hizmetleri Temel Kanunu ile
benzer dogrultuda olup Bakanligin iilke ¢apinda yayilan bir bilisim agi ile kayit ve
bildirim sistemini kurma yetkisini diizenlemektedir. Dolayisiyla saglik tesislerinin
HBYS, MBYS veya AHBS araciligiyla sunduklar1 saglik hizmetine iligkin veri
setlerini gondermeleri gerekli olup veri gonderme yetkinligine sahip olmayan
USBS’lerin ayrica bu sistemlerle entegre olabilmeleri gerekmektedir.

“Genel nitelikler” baslig: altinda belirlenen “2- Kullanict hesaplarmim yénetimini
saglayan ara yiizlere yalnizca yetkili kullanicilar erigebilmelidir” asgari standardinin
konulmasinin sebebi 6698 sayili Kisisel Verilerin Korunmasi Kanunu’nun (KVKK) 6.
maddesi kapsaminda saglik verilerinin 6zel nitelikli kisisel veri niteligine sahip
olmasi ve bu sebeple bu verilerin mahremiyetinin korunmasi i¢in Kisisel Verileri
Koruma Kurulu tarafindan belirlenen idari ve teknik tedbir alinmasi zorunlulugudur.
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Kisisel Verileri Koruma Kurulu’nun “Ozel Nitelikli Kisisel Verilerin Islenmesinde ve
Veri Sorumlularmca Almmasi Gereken Yeterli Onlemler” ile ilgili 31.01.2018 tarihli
ve 2018/10 sayili kararinda verilere erisim yetkisine sahip kisilerin yetki
kapsamlarinin ve yetkili olduklari zaman diliminin agikca belirtilmesi gerektigi,
diizenli araliklarla yetki kontrollerinin gergeklestirilmesi, isten ayrilanlarin
yetkilerinin ivedilikle kaldirilmas: geregi diizenlenmistir.

Yine “Genel Nitelikler” basligi altinda yer alan “iki asamali kimlik dogrulama
yapilmast yiikimliliigi” yukarida belirtilen Kisisel Verileri Koruma Kurulu
Karar1’nin gereginin yerine getirilmesini amaglamaktadir.

Kilavuz’da Tiirkge dil desteginin zorunlu tutulmasinin sebepleri arasinda Hasta

Haklar1 Yoénetmeliginin 18. maddesinde diizenlenen hastanin sade bir dille,
anlayabilecegi sekilde bilgilendirilme hakki ve 5. maddede diizenlenen genel
ilkelerden olan saglik hizmetinin erisilebilirligini saglama yikimliligi yer
almaktadir.
Kilavuzda yer alan ve uzaktan saglik hizmetinin verilmesinde Kisisel Verilerin
Korunmast mevzuati ve uzaktan saglik hizmetine iliskin sartlar hakkinda taraflarin
bilgilendirilmesine yonelik ara yiizlerin bulunmas:t sartt hem KVKK’nmn veri
sorumlusunun aydinlatma yiikiimliliigiinii diizenleyen 10. maddesine hem de
Yonetmeligin 9. maddesinde yer alan hastanin bilgilendirilmesi yiikiimliiliigiine
dayanmaktadir. Kilavuzda yer alan, kamera ve mikrofona erisim saglanacagna iligkin
taraflarin bilgilendirilmesini dngdren asgari standardin dayanag: da benzerdir.

Uygulama verilerinin ve anlik mesajlasma ve goriintiilii goriisme yetenegi bulunan
USBS’lerin sunucularinin yurt i¢inde bulunmasina iliskin iki ayr1 Genel Nitelik
bulunmakta olup bunlar Cumhurbagkanhgmmn Bilgi ve iletisim Giivenligi Tedbirleri
konulu 2019/12 sayili Genelgesi uyarinca eklenmistir. Buna gore saglik verilerinin
yurt icinde giivenli bicimde depolanmasi gerekmektedir. Ayrica KVKK’nm 9.
maddesi uyarinca kisisel verilerin yurt digina aktarilmasi 6zel kurallara tabidir ve bu
kurallarin her bir saglik hizmeti i¢in saglanmasi hayatin olagan akiginda miimkiin
goziikmemektedir.

USBS’lerin ses ve goriintii kayd1 yapmasi halinde her iki tarafin da agik rizasinin
almmasina, bu kayitlarin kisith kisilerle paylagimina ve 12 aylik slirenin dolmasi ile
birlikte kendiliginden silinmesine iligkin asgari nitelikler ise KVKK’nin kisisel
verilerin islenmesinde acik riza alma yiikiimliiligiini diizenleyen 5. Maddesine, 6zel
nitelikli kisisel verilerin islenmesinde agik rizayr diizenleyen 6. maddesine ve
Yonetmeligin ses ve goriintii kaydi alinmasma iligkin kurallar1 diizenleyen 12.
maddesine dayanmaktadir.

3.2 Literatiir Taramasi ve Diinya Orneklerinin Incelenmesi

Tele saglik sisteminin hizmet verme yontemi i¢in genel olarak uzaktan senkron ve
asenkron olmak iizere iki farkli hizmet tiirlinden s6z edilmektedir [15, 16]. Senkron
yonteminde, saglik bilgilerinin gercek zamanli yani anlik olarak taraflar arasinda
iletilmesini ifade eder [17]. Asenkron tele saglik "sakla ve ilet" teknigini ifade
ederken, bir hasta veya hekim tarafindan tibbi Oykii, goriintiller veya saglik
raporlarinin teshis ve tedavi uzmanligi i¢in uzman bir hekime génderilmesi olarak
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karsilik bulmaktadir [17]. Tele saglik uygulamalarinin 6nemi pandemisi Oncesi
donemde de fark edilmisse de ozellikle tiim diinyanin evde kalmak zorunda oldugu
bir dénemde saglik hizmetine erisim igin en etkili yontemlerden biri olarak
hayatimiza girmistir. PubMed, Scopus, ProQuest, Web of Science ve Science Direct
dahil olmak iizere bes veri tabani taranarak gergeklestirilen sistematik bir derleme
calismasinda pandemi déneminde kullanilan teletip uygulamalarinin etkisine yonelik
yazilan makaleler incelenmigtir. Calismanm bulgularinda; sosyal medya veya &zel
uygulamalar bicimindeki goriintiilii aramalar, gercek zamanli video konferans
platformlar1 ve kisisel web kamerasi kullanimu, etkili ve gercek zamanli hasta iletigimi
saglamak ve saglik hizmetleri sunmak igin degerli bir strateji sunarken, ozellikle
teknik olarak simirlamalarin mevcudiyetine deginilmistir [16]. Ulkemizde kullanilmasi
planlanan USBS’lerin sunmasi gereken temel 6zellikler belirlenirken sistemde, anlik
olarak goriismeye olanak saglamasi &zelliginin mutlaka olmasi gerektigi goriilmiistiir.
Diger ozellikler belirlenirken diinyada en ¢ok kullanilan uygulamalarin genel olarak
sagladigr Ozellikler incelenerek iilkemizde kullanimi uygun olan 6zellikler
belirlenmistir [18]. Amerikan Tabipler Birligi (American Medical Association-AMA)
tarafindan 1.657 hekime uygulanan bir anketin sonuglarma gére hem en g¢ok
kullanilan uygulamalar hem de bu uygulamalarin kullanilma nedenleri siralanmistir.
Hastalarm ve hekimlerin bu sistemlerden beklentileri de raporda bulunmaktadir [19].

3.3  Dr. e-Nabiz ve Diger Tele Saghk Uygulamalarindan Edinilen
Tecriibelerden Faydalanilmas:

USBS iizerinde kullanici hesaplarinin yonetilmesine imkan taniyan ara yiizlerin yer
almasina iliskin kriter, iz kaydina iligkin kriterler, ¢ift yonlii yazili ve sozlii iletisime
imkan veren Ozellikler, hastaya ait tani kodlarmm ICD-10 kodlari kullanilarak
girilebilmesi gibi pek ¢ok kriter bu dénemde edinilen tecriibeler neticesinde Kilavuz’a
eklenmistir.

3.4  Odak Gruplar ile Toplantilar Yapilarak Taslagin Goriise Acilmasi

Odak gruplarla yapilan goriismelerde ¢esitli biiyiikliikte ve uzmanliklarda saglik
bilisimi firmalarmimn temsilcileri de sistem hakkindaki gériigleri alinmak tizere davet
edilmistir. Firmalar segilirken, hepsinin daha 6nceden KTS’de kayith tecriibeli
firmalar olmamalarina, daha 6nce saglik bilgi yonetim sistemi gelistirmemis, bu alana
yeni girig yapmak isteyen firmalara da davet gonderilmeye 6zen gosterilmistir. Her
firmadan katilimer sayist iki ile sinirlanmistir. Genel Miidiirliik, toplantilara ekip
olarak katilmistir. Genel Miidiirliigii temsilen toplantiya katilanlar arasinda saglik
bilisimi uzmanlar1, mithendisler, hukukgular bulunmaktadir.

“Tele saglik sisteminde ses ve goriintii kaydi zorunlulugunun olmasi gerekir mi?”
sorusuna iliskin yanitlar toplanmistir. Katilimcilarin ¢ogu ses ve goriintii kaydi
6zelliginin zorunlu tutulmamasi yoniinde gériis bildirmislerdir. Bu goriislere gerekce
olarak bu ses ve goriintli kayitlarinin yiiksek mahremiyet seviyesine sahip olmasi,
olast bir siber saldirida veya veri giivenligi ihlalinde hastalarin karsilasabilecegi olasi
zararlarin oldukca yiiksek olmasi ve son olarak bu ses ve goriintii kayitlarmm ok
yiiksek saklama alani gerektirmesi ve bunun maliyetinin yazilim firmalar1 agisindan
altindan kalkilmasinin giic olmasi gosterilmistir. Bu geri doniigler dogrultusunda
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Kilavuz’da ses ve goriintii kaydina iliskin ozellik eklenmesi bilisim firmalarina
zorunlu tutulmamistir. Kilavuz bu dogrultuda diizenlenmistir.

Bir diger yoneltilen soru “Kisisel verilerin giivenligini saglamak iizere uygulamada
ne tiir tedbirler alinmalidir?” olmustur. Bu soruya verilen cevaplardan; firmalarin
cogunlukla belirli bir sayida yanlis sifre veya kullanici adi girisinden sonra
kullanicilara CAPTHCA kimlik dogrulama sistemi kullandiklari &grenilmistir.
CAPTCA’nin ilk giriste ¢tkmasimin tercih edilmedigi belirtilmis, buna gerekge olarak
hastalarin hepsinin teknoloji okur yazarlig1 seviyesinin ayn1 olmamasi gosterilmistir.
SMS veya telefona ya da e-posta adresine gonderilen bir kod araciligiyla iki asamali
kimlik dogrulama yapilmasi konusunda da bilisgim firmasi temsilcilerinin benzer
sebeplerle fazla istekli olmadiklar1 goriilmiistiir.

“Tele saglik sistemi saglik hizmeti sunucusunda baska SBYS’ler ile entegre olmalt
m1 yoksa miistakil ¢alisan bir saglik bilgi sistemimi olmali?” sorusuna iliskin olarak
farkli yanitlar almmustir. Katilimcilardan bazilart halihazirda Genel Miidiirliigiin
Kayit Tescil Sistemindeki aktif listede yer alan HBYS, AHBS gibi diger saglik bilgi
sistemlerini {ireten ve aktif olarak saglik kurumlarinda kullanima sunan firmalardir.
Bu sebeple USBS’yi HBYS, MBYS veya AHBS gibi bir baska saglik bilgi yonetim
sistemi ile entegre olacak sekilde tasarladiklari, USBS igerisine, bahsi gecen bu diger
bilgi yonetim sistemlerinde zaten var olan 6zellikleri eklemedikleri tespit edilmistir.
Bu sebeple de yukarida da bahsedildigi tizere, Kilavuz en basta iki basliga ayrilmas;

e Hastane Bilgi Yo6netim Sistemi (HBYS), Muayenehane Bilgi Yonetim
Sistemi (MBYS), Aile Hekimligi Bilgi Sistemi (AHBS) ile entegre olmadan
caligsabilen USBS’ler

e HBYS, MBYS, AHBS ile entegre olmadan ¢alisgamayan USBS’ler

ayr1 ayr1 degerlendirilmistir.

Ozetle, odak grup goriismelerinde belirlenen sorulara verilen yanitlar Kilavuz’un
sekillenmesinde Onemli rol oynamis, uygulanabilirligi miimkiin olmayan, sahada
sikintilara yol agabilecek, gergekei olmayan kriterler Kilavuzda yer almamustir.

3.5 Kilavuzun ilk Versiyonunun Yayimlanmasi

Tiim bu siireglerin tamamlanmasi neticesinde Uzaktan Saglik Bilgi Sistemlerinin
(USBS) sahip olmasi gereken asgari oOzellikleri tanimlayan USBS Kilavuzu
yayimlanmis olup firmalarin denetimine baslanmis, denetimi basar1 ile tamamlayan
firmalar aktif listeye alinarak alfabetik siraya goére Genel Miidiirliigiin resmi internet
sitesinde https://kayittescil.saglik.gov.tr/TR-90714/uzaktan-saglik-bilgi-sistemi-
usbs.html baglantis1 tizerinden yayimlanmistir. Denetimler devam etmekte olup anilan
liste basarili olan yeni bir firma oldukg¢a giincellenmektedir.

Tartisma ve Sonug

Yayimlanan USBS kilavuzuna goére, yazilimlarin saglamasi gereken minimum
ozellikler arasinda taraflarin tercihine gore kullanimina karar verilecek goriintiilii veya
sesli goriisme Ozelliginin mutlaka bulunmasi gereklidir. AMA tarafindan yapilan
anket sonuglarinda hekimlerin telesaglik uygulamalarinda en ¢ok tercih ettigi iletisim
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yontemi oldugu [19] g6z oniine alindiginda USBS kriterleri arasinda da olmasimin
yazilimlar agisindan 6nemli oldugu diisiiniilmektedir.

Saglik alaninda faaliyet gosteren yazilim firmalari temsilcileri, hekimler, yazilim
uzmanlar1 ve hukukcularin agirlikli olarak katildigi odak gruplar goriigsmeleri
diizenlenerek sektériin talep ve ihtiyaglar: ile tibbi, teknik ve hukuki gereklilikler
kapsamli olarak analiz edilmistir. Tele saglik uygulamalarmm kullanimmin pandemi
doneminde saglik hizmetinin sunumunda gereklilik haline geldigi ve pandemi donemi
olagan iistii bir donemi kapsadig: i¢in tiim diinyada bununla ilgili yasal diizenlemeler
pandemi sonrasina birakilmustir. Nitekim 2021 yilinda Solimini, R. ve ark. tarafindan
yapilan bir derleme ¢alismasinda tele saglik hizmetlerinin uygulanmasiyla ilgili etik
ve yasal konular, esit erisim, bakim kalitesi, siirdiiriilebilir maliyetler, mesleki
sorumluluk ve saygiy1 garanti etmek icin hala standart ve 6zel uygulama kurallarina
ihtiya¢ duyuldugu belirtilmistir [20]. Buna ek olarak, pandemi déneminde tele saglik
i¢in en ¢ok kullanilan uygulamanin Zoom oldugu goriilmiistiir [21]. Sadece goériisme
yapmaya olanak saglayan bu uygulamanin diger tele saglik sistemlerinden daha fazla
kullanilmasi belki erigsiminin daha kolay olmasindan ve deneme siiriimiiniin iicretsiz
olmasindan da kaynaklanabilir.

Ulkemizde 1., 2. ve 3. Basamak saglik hizmeti sunucularinda ilgili Saghk Bilgi
Yonetim Sistemi yazilimlart araciliiyla tiim saglik kayitlari elektronik olarak kayit
altina alinmaktadir. USBS’ler de saglik hizmeti sunumunda kullanilirken HBYS,
AHBS veya MBYS ile entegre olarak ¢alisacak sekilde gelistirilmis olabilecegi igin
USBS asgari ozellikleri belirlenirken iki baslik altinda degerlendirilmistir. Diger
iilkelerde kullanilan sistem &zelliklerinde bulunamamus bir dzellik [19] [18] [21] olsa
da bizim tilkemizdeki saglik sistemi igerisinde bu ayirimm yapilmasi ve asgari
kriterlerin buna gore belirlenmesi gerekmektedir.

USBS’lerin saglamast gereken Ozellikler belirlenirken yine yurtdisidaki
uygulamalardan farkli olan bir kriter daha eklenmistir. HBYS, AHBS, MBYS
entegrasyonuna ihtiyag duymayan USBS’lerin e-Nabiz Sistemine veri gonderebilmesi
gerekmektedir. E-Nabiz Sistemi, saglik kuruluslarindan toplanan saglik verilerine
kisilerin ve saglik profesyonellerinin internet ve mobil cihazlar {izerinden, kisilerin
izni dahilinde erigebilecekleri bir kisisel saglik kaydi uygulamasidir [22]. Bu sisteme
Ulkemizdeki tiim saglik kuruluslar1 veri gondermektedir. Sistemdeki elektronik saglik
kayitlarinin biitiinciilligiintin korunabilmesi ve kisilerin e-Nabiz Sistemi profillerinde
tim gecmis saglik kayitlarmin tam olarak bulunabilmesi nedenleriyle Kilavuza,
HBYS, AHBS veya MBYS entegrasyonu olmayan USBS’lerin e-Nabiz Sistemine
entegre olmalar1 zorunlulugu getirilmistir.

Sonug olarak nihai hedefimiz, saglik alaninda faaliyet gdsteren yazilimlarin, yasal
diizenlemelere uygun, ulusal ve uluslararas: standartlara sahip olmasmi saglamak
oldugu igin USBS’lerin minimum ozelliklerinin Bakanlik tarafindan belirlenmesi de
gelistirilen yazilimlarin daha etkin, giivenilir ve faydali olmasini saglayacaktir.
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Abstract. The evaluation of democratic societies has led to increased
individualism and as a result of this trend; people are expected to take
responsibility for the decisions that impact their life. In order to do this,
considering different alternatives and arguments to form their own judg-
ments is critical. With the use of internet, accessing information from
different sources is become very easy and information technology can sig-
nificantly improve healthcare and wellness management for individuals
in the way of being manager of their health. Parallel to this, healthcare
is moving towards the notion of personalized preventive health main-
tenance and away from focusing the cure of diseases. The key concept
of the future healthcare is self-monitored and self-managed health. Not
only individuals but also community is being responsible from healthcare
in the new concept of healthcare that is called “participatory health”.
Web and social networks are used for patients to report their experi-
ences, learn about symptoms, and understand treatments and their side
effects, and using collected information from others to make decisions
about treatments. Not only websites, but also mobile applications are
designed to track, monitor and report information on health data. More-
over, patients are encouraged to help each other and learn from one
another. The goal of this paper is to introduce a comprehensive mobile
tool for patients, doctors and public health workers using collectivity
intelligence and crowdsourcing. Eventually, we aim to develop a expert
approved recommendation system using “wisdom of patients” for pa-
tients and a disease tracking map for public health professionals.

Keywords: preventive medicine, mobile healthcare, collectivity, crowd-
soursing, personalization, reccomendation

1 Background

1.1 Collective Intelligence and Crowdsourcing

Crowdsourcing refers to a specific mechanism that businesses use to engage with
customers [2]. Tasks such as problem solving and quality control are now “out-
sourced” to general public or the specific target groups via the web [1]. With
the use of web 2.0 tools, users are able to rate and comment on hotels, products
and services as part of recommender systems as well as their suggestions and
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solutions for problems could be collected. When judgments are made by a group
of people, the judgment obtained by aggregating their judgments is often as
good as or might even be better than the best person in the group [3]. This phe-
nomenon is known as “The wisdom of crowd”. The wisdom of crowd effect has
been investigating for problems that require single numerical estimates such as
physical quantities, general knowledge (e.g, number of people living in a country)
or providing answers to multiple choice questions [3]. In 2009, it is investigated
that it can be used for ordering problems (e.g, chronological ordering, ranking
cities according to their population) [3]. In 2012, the wisdom of crowd effect
is applied to multidimensional problem solving tasks and it is suggested that
the wisdom of crowds could have a role to play in understanding and improving
group-decision making for problems [3]. Translated to healthcare, web is used for
patients to report their experiences with institutions, professionals, medications
or treatments. Moreover, they learn about symptoms, understand treatments
and their side effects, and made decisions about treatments [4]. Patients are
encouraged to learn from each other pointing out information resources and ex-
plaining guidelines relevant to care. In this process, they create “the wisdom of
patients” in order to make decisions about their health.

1.2 Participatory Sensing

Since almost all people carry mobile phones that are capable gathering human
activity, location, images and other data interactively or autonomously, these
ubiquitous devices could act as sensor nodes and location-aware data collec-
tion instruments. Using mobile devices to gather, analyze and share knowledge
is called “participatory sensing” [5]. With participatory sensing “an intercon-
necting network of people are available that actively observe, collect, report,
analyze and disseminate information via text, audio or video messages.” [7].
Participatory sensing can also be used for healthcare providers to understand
the individual patient activity pattern as well as it can be used to outline the
community-wide activity. In public health, participatory sensing could be used
to collect health statistic for a population of interest, to capture autonomously
individuals’ activity pattern information and to share them selectively in order
to help chronic patients and their doctors. Moreover, it can be used to detect
timely trend and anomaly analysis, patient reminders and data quality feedback
using guided, geo-tagged data entry [5]. Swan propose an expanded concept
of healthcare that mobile devices and smart phones are the supporters to get
continuous health information, self-tracking and monitoring. Collaboration with
health advisors and peers who have similar conditions through social networks is
another line for future health. Expertise of health professionals are also needed
to be included into the concept [6]. According to the model, a big amount of
health data will be available through mobile devices and as a result of interaction
on social networks. Analysis of this big data has micro and macro level outcomes
health trends in the community and individual’s self-health tracking. Chen et. al
developed a disease diagnosis and treatment recommendation system based on
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big data mining and cloud computing that provides appropriate diagnosis and
treatment schemes for patients and inexperienced doctors [15].

1.3 Recommendation Systems in HealthCare

In crowdsourced systems, many users are active and provide information con-
tinuously, thus it is impossible to present all the information to the user. It is
crucial to filter information and decide what to present to user. Moreover, rec-
ommendation systems need to know user in order to decide what to recommend
so0 it is important how to construct a user profile. Profiles could be constructed
implicitly or explicitly. User could manually provide data to construct a pro-
file or it could be constructed automatically by the time system is been used.
After construction of profile, information filtering needs to be addressed based
on profiles. In order to solve filtering problem, some techniques are developed
such as: Content-based filtering, Collaborative filtering, Knowledge-based filter-
ing, Group Recommendations and Hybrid Recommendation Systems. Content
—base systems generate recommendations using profile information. Content-
based filtering system[8] generates recommendations based on the contents of
items. Collaborative filtering [9] is a data mining technique that makes pre-
dictions about an active user based on information about other similar users.
The usual method is to find the other users that are most similar to the ac-
tive user and generate predictions based on their preferences. Main differences
of content-based and collaborative filtering is that content-based filtering selects
items based on the correlation between the content of items whereas collaborative
filtering system choose items based on the correlation between people with sim-
ilar preferences. Knowledge-based filtering [10] selects items based on inferences
about a user’s needs and preferences. Hybrid recommendation systems [11] are
basically combination of multiple filtering techniques to overcome some short-
comings. For example, rating-based recommendation approach is combination
of content-based and collaborative filtering techniques. Group recommendation
systems [12] provide recommendations to a specific group of users.

2 Purpose

The goal of this study is to design a tool for users to recommend which action
they could take to prevent diseases or in the process of curing themselves using
“wisdom of patients”. People are generally curious about what other people do.
This health application tries to create a “facebook effect” for users in order to
change their behaviors for their health. But crowd might mislead in some cases
and users might be under risks by following some crowd suggested activities. In
order to prevent this kind of risks, health professionals and experts are included
to the system and every activity is reviewed by experts and their comments are
provided related with each activity. While using the wisdom of crowds, this appli-
cation create reliable personalized recommendations for users that are approved
by experts.
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Fig. 1. HealthUP : Collective, Collaborative and Personalized Mobile Health Recom-
mender

3 Methods

3.1 System Overview

System has 3 faces: User face, expert face and public health professionals’ face.
User is the main actor in the system. Users can create profile, they can de-
termine their own goals/activities or can get a goal/activity recommendation
list based on their profile. Experts are medical professionals that ensure the
reliability of the recommended goals/activities to the user. They view popular
goals/activities, can comment and rate on them, as well as they can approve or
reject proposed goals/activities by users. Public health professionals can view
a summarized information location based and disease based derived from the
system. They can use this summarized information to develop new policies in
order to help people to achieve their goal, they can support people with SMS
and they can organize seminars to educate public according to their needs. They
can also be aware of any epidemics analyzing the proportion of people with a
disease in any location. Figure 2 shows the overview of system faces.
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Fig. 2. HealthUP System Overview
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Fig. 3. HealthUP User Model and User Recommendation Generation

3.2 Developing User Profile

In the system user has four profiles: first one is an “informative profile” that is
about user such as age, weight, height, blood type. The second profile is "health
profile” that is about past and current diseases, operations, allergies and medi-
cations. The third profile is “goal profile” that lists the goals of user to achieve.
The goals can be created by user or can be selected from recommendations. The
fourth profile is “activity profile” that can change by daily that keeps what user
does each day for her/his health. After a period of time, the system let users to
rate their activities that are helpful to achieve their goals.

3.3 Recommendation Generating

Users are classified using Community Similarity Network (CSN) [14]. Crowd-
sourcing applications have high user population, the accuracy of classification of
users decreases that is called “population density problem” [14] and CSN provide
a robust classification caused by population diversity problem for mobile sensing
applications. The idea is creating different similarity dimensions based on user
profile for every user to capture the similarity between users. Based on the classi-
fication; personalized goal/activity recommendations with additional notes from
experts and from other users are generated. User ratings on goals/activities are
also taken account when the ranked list of recommendations is generated. Then
user can add recommended activities in his/her activity list to follow. Figure 3
shows user profile modelling and recommendation generation.
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4 Future Work

The application is under development stage. The next stage is to work on the
motivational support of user and gamification in order to make use of mobile
app. At the beginning, user face will be focused more than other faces since the
app is based on the user data.
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Abstract. Today’s digital health terminology is actually advanced med-
ical technologies that include computer-assisted therapy, smartphone
apps, and wearable technologies. These technologies offer significant po-
tential for improving access to immediate medical care, efficiency, clinical
effectiveness, and personalization of many health problem therapies. In
this paper, we will elobareate on the preliminary design steps of a per-
sonalized health assistant application project (PHAS). The proposed ap-
plication can be classified as a mobile health app and not a telemedicine
application. The idea behind this application is to reduce the physicians’
workload in hospitals while providing health care to the community with
different health literacy levels by easily using the application when gen-
eral assistance about any health issues or an overall health and wellness
improvement is required.

Keywords: digital health, mHealth, eHealth literacy, digital transfor-
mation, mobile applications

1 Introduction

Tablets and mobile phones are ubiquitous and indispensable gadgets in today’s
society. Nearly every country in the world has begun defining and establishing
the foundation of digital transformation in numerous industries. The health-
care system is inevitably among these fields, as the health systems start facing a
shortage of healthcare professionals and a continuous workload increase of physi-
cians, especially during the pandemic [1]. In addition, increase in the amount of
medical information served via the Internet is expected to facilitate this trans-
formation of digitization of the health system. All of the aforementioned factors
result in the development of a wide range of mobile health applications also in
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paving the way for the legalization of the public’s use of those apps that can be
purchased [2].

Statistics cited by IQVIA in an article published by Medical Device Network
in 2021 indicate that more than 350,000 digital health applications are currently
accessible on the global market. These applications can be downloaded through
the apple store as well as the google play store [3[4]. Furthermore, de-
picts the general idea of Miguel et al research. Their research showed how they
classified mobile health applications and categorized them based on application
features and usage goals [5]. The use cases range from wellness and fitness ser-
vices to complicated applications for diagnosis and support in aftercare settings.
mhealth applications may also be used for educational purposes, as well as for
tracking, monitoring, or managing the chronic conditions of patients by medical
professionals.

Nevertheless, it is still exceedingly difficult for patients and healthcare pro-
fessionals to identify and evaluate high-quality apps in the various app stores.
There is currently no common quality standard for mhealth applications [6]. Ad-
ditionally, Margaret R. Emerson et al study showed that dissemination of health
information through mobile devices (mHealth) increases the amount of informa-
tion that is available, but it also creates challenges in terms of ensuring that
the materials are appropriate for and understandable by all community mem-
bers, regardless of their health literacy levels [7]. A certain need to be taken into
consideration is the social structure of the community while designing mhealth
applications. Otherwise, the usage of little complex mhealth applications by low
or basic health literacy level users may increase medical errors, illness, and com-
promised public health.

Lastly, we can conclude that all mhealth applications are not suitably de-
signed for all community users of all ages and literacy levels. Additionally, are
providing or targeting to solve a specific health problem. Consequently, one of
the primary purposes of this study is to build a mhealth application that provides
individualized support and early guidance for daily health needs.

Mobile Health App

Healthcare . All community members (patients
professionals .
and no patients)
usage

Contact and
All disease Educational online
Educational types purposes consultation
purposesand | diagnosing, and (target to with physicians
literature patient increase health and
monitoring literacy) appointment
organizer

General
information
Access personal about
health records medication and
accessing
prescriptions

Fig. 1: The general classification of mHealth applications
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2 Related Work

There are a significant number of mobile health applications available across
the globe [4]. The scope of these applications extends from advice on leading a
healthy lifestyle every day to professionals who give personal health care. There
are a variety of approaches that can be learned through mobile health applica-
tions, including learning the disease-related process, improving patient care to
facilitate treatment and diagnosis, electronic prescription, clinical support, and
personal care, and e-learning to increase health literacy [8l9]. These are some of
the primary purposes of mobile health applications.

Considering the area covered by the current applications, it can basically be
divided into two main parts: Applications used by health professionals and indi-
vidual care applications used by community members. Health professionals use
mobile health applications about various documents and encyclopedia containing
detailed medical information [I0J1I] memory tests related to anatomy [12[13],
calculation of drug dosages and reference values [I4JI5[16], social networking
applications that facilitate communication with other healthcare professionals

17118]19], tracking and follow-up patient care [20/21].

Patient and non-patient society members use mobile health applications such
as monitoring personal care and life changes |22]23|, record and store medical
information and health history, as well as drug and appointment management
[24125]26]27], together with general health education, first aid, and rehabilitation

practices [28129].

Lastly, although the existing applications differ in terms of their subjects
and functions, our Personal Health Assistant Software (PHAS) is more compre-
hensive than the others. For instance, our application will be accessible to both
health professionals as well as other members of the community. Thus, patient-
specific treatment, control, medical follow-up, continuous patient monitoring,
and performance evaluation will become easier. In addition, we believe that the
proposed PHAS will definitely raise the health literacy of individuals and lessen
the strain on healthcare centers since the application provides the user with the
right direction to follow about his/her health during the life course.

3 PHAS Technical Structure

The proposed PHAS differentiates itself from its counterpart by trying to cover
all areas related to personal health rather than concentrating on one health
problem and its solution. shows PHAS’s main services. Lastly in the
following sections, we will examine the detailed structure of each service.
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Fig. 2: PHAS services

3.1 PHAS Appointment Manager

We believe this phase will significantly alleviate the strain on the healthcare
system. Due to varying degrees of health literacy in the community, many pa-
tients may schedule appointments with the incorrect hospital department. The
physician will then refer the patient to the relevant department to diagnose and
treat the health issue. This procedure can waste patient and physician time
and prevent other patients from scheduling an appointment with the relevant
department.

At this time, we propose implementing an appointment manager in our PHAS
to resolve this issue. illustrates the appointment manager’s phases.
First, we intend to visit specialists from several health departments and compile
a comprehensive list of symptoms associated with a certain health concern. For
instance, developing a general list of typical symptoms associated with respira-
tory system issues, etc. Secondly, present the symptom list to the patient in an
understandable and straightforward manner, allowing them to choose from the
list. This can be accomplished by integrating a Chatbot into our appointment
manager [30/31]32].

Based on the patient’s choices from the symptom, our manager will suggest
that the patient book an appointment with the right physician, if needed. The
appointment booking system flowchart is shown in The parameter
symptom_count_threshold specifies the minimum number of symptoms from the
symptom list that must be selected by the patient to be directed to the correct
appointment system. We intend to use static threshold values for symptom count
and X value for the time being and leave the use of dynamic threshold values
for future work.

Basic symptom Appointment method

Appointment manager identificaiton selection

Fig. 3: Appointment Manager in PHAS
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Book online appointment
from your GP

Fig. 4: Flowchart for an appointment booking system

3.2 Self-treatment Manager

Many nations are encountering difficulties in providing access to quality health-
care systems for diverse age groups [33]. The health systems of the world must
be resilient, for instance, COVID-19 assessed their ability to withstand acute
shocks, but they must also withstand long-term trials and threats. Articles pub-
lished in the Lancet on global and planetary health illustrated the increasing
burden of non-communicable diseases that will accompany aging populations as
a result of climate change and a decline in nutritional quality. Furthermore, the
most significant future challenges for a healthcare system will be issues with
monitoring and addressing unmet mental health burdens in various age groups
34135).

On the other side, governments start preparing and looking for a solution to
decrease the impact of these difficulties on their health system by educating and
encouraging the community to utilize mhealth applications and building general-
purpose websites approved by the ministry of health. All of these applications
strive to provide advice and a variety of information regarding learning how to
maintain a healthy lifestyle over the course of one’s life [36]37].

The proposed self-treatment manager in our PHAS will assist in instructing
users of all ages to follow necessary daily actions that will protect them as long
as possible from hospitalization and health-related interventions. The PHAS
self-treatment manager sections and general working mechanism are shown in
|[Figure 5|and |Figure 6} respectively. Finally, in this paper, we will not dive into
the implementation details of these sections which are left as future work.

The proposed self-treatment manager in our PHAS will assist in instructing
users of all ages to follow necessary daily actions that will protect them as long
as possible from hospitalization and health-related interventions. The PHAS
self-treatment manager sections and general working mechanism are shown in
figures 5 and 6, respectively. Finally, in this paper, we will not dive into the
implementation details of these sections which are left as future work.
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Fig.5: PHAS Self-treatment manager sections
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Fig. 6: PHAS Self-treatment manager working mechanism

3.3 Medical Record and Remainder Manager

Even the implementation of these two sections is not new and is available in many
healthcare systems [38]. We believe integrating these managers into PHAS will
simplify the access process and save the user time. We plan to save the user
time by constructing a separate health database for each user that may later be
used by machine learning algorithms from other PHAS sections to analyze the
data and give basic feedback about the action type that shall be followed by the
user to prevent any complicated health issues (early diagnosis system).
and respectively, show both remainder and medical records manager

services.

toai Seasonal N General

> Remainder >> I\Iedlc'a:lton >> aeeine Allllmpt:nem N
remainder : reminder

manager remainder " checkup

service service service service

Fig. 7: PHAS Remainder manager sections

Medical All kind of blood and
records respiratory tests access
manager service

Medical imagining
records access
service

Fig. 8: PHAS Medical records manager sections
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3.4 Medication and Medical Treatment Manager

As mentioned in the previous sections about raising population knowledge in all
health-related fields, one of these areas is drugs and medications. In the market,
there are few mhealth applications for only providing information about a specific
group of drugs rather than all medication types [39]40]. One of the services
provided by the PHAS medication manager is to provide general information
about any medications (herbal medications included), such as an instruction
list. To construct these lists, we plan to work with a team of pharmacists. Also,
allow patients to report to their physicians in case they have or show any side
effects while taking the prescribed medication. In addition, allowing the patient
to acquire the prescription from the nearest pharmacy to his or her location. The
detailed structure for medication and medical treatment is shown in
Lastly, there is a need to mention that the prescription uploading service is not
new and is already available in the Turkish health system [38].

Medicaiton e General ‘Medicaiton Drug side
) Presicription . 2 ! e
and medical uploadin: information collection effects
treatment p‘ g about any process close informing
process o -
manager medicaiton to patient sta rocess

Fig.9: PHAS Medication and medical treatment manager

4 Implementation Methodologies for PHAS

Some technologies are required to create a mobile application. For Android ap-
plications, there are programming languages such as Java or Kotlin, while for
iOS applications, there are Swift or Objective-C. For both the Android and 1I0S
platforms, software frameworks such as React Native, Xamarin, and Flutter are
available which allows creating cross-platform mobile applications with a sin-
gle codebase. As backend services, many technologies such as Node.js, Ruby on
Rails, and Django are used. For data storage and processing, many database
technologies are utilized. According to the latest survey research conducted by
Stack Overflow in 2022 [41], PostgreSQL and MySQL are the most popular rela-
tional databases, whereas MongoDB is the most popular non-relational database.
It is essential to utilize version control systems to monitor changes to the source
code and to allow cooperation among other developers.

The technologies planned to be used in our paper are explained with their
advantages are mentioned in|Table 2|and[Table 1|respectively. The planned usage
of React Native allows the production of native applications for platforms such as
Android, i0S, and others while utilizing a single codebase [42]. Node.js is planned
to be used to create a backend server application because of its wide range
availability of frameworks and libraries [43]. The MongoDB planned for usage
can manage large amounts of data and has built-in support for horizontal scaling,
making it ideally suited for use in modern, high-traffic mobile applications [44].
The planned usage of GraphQL is because it provides for flexible and efficient
data retrieval from a server [45]. Git is planned for usage as a version control
system because it facilitates user collaboration and stores a complete history
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of commits [46]. Kaggle is a platform for data science and machine learning
competitions. We will obtain data sets through Kaggle |47|. TensorFlow|48| is
an end-to-end machine learning platform which is very popular and thus will be
used to create machine learning models while utilizing the data sets obtained
from Kaggle.

Table 1: Software tools and frameworks planned to be used in PHAS development
cycles

Technologies Free to use Is Open Source
React Native Yes Yes
Node.js Yes Yes
MongoDB  Yes for community edition Yes
GraphQL Yes Yes
Git Yes Yes
TensorFlow Yes Yes

Table 2: Planned technologies and their advantages

Technologies What Advantages

React Native Enables the development of na-
tive apps using React for plat-
forms including Android, iOS,
and more.

— React Native is Community-
driven

— Maximum code reuse & cost
saving

— Strong performance for mobile
environments

— Modular and intuitive archi-
tecture similar to React
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Table 2 — continued from previous page

Technologies

What

Advantages

Node.js

MongoDB

GraphQL

Git

Node.js is an open-source, cross-
platform JavaScript runtime en-
vironment.

MongoDB is a document
database with the scalabil-
ity, flexibility, and necessary
querying and indexing.

A runtime that responds to API
queries with already-existing
data is called GraphQL. Addi-
tionally, GraphQL offers flexi-
bility, provides strong developer
tools, and makes it simpler to
adapt APIs over time.

Git is a distributed version con-
trol system that is free and open
source and is made to efficiently
and quickly handle projects of
all sizes.

— Helps in Building Cross-

Platform Applications
High-performance for Real-
time Applications

Easy Scalability for Modern
Applications

Community Support to Sim-
plify Development

Full cloud-based developer
data platform

Flexible document schemas
Cost-effective

Powerful querying and analyt-
ics

GraphQL provides a flexible
structure

Best for complex systems and
microservices

No over-fetching and under-
fetching problems

Git is free and open source.
Git is fast compared to others
because each developer has ac-
cess to a local repository with
a complete history of commits.
Branching and merging oper-
ations are simple and cost-
effective.
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Table 2 — continued from previous page

Technologies What Advantages

TensorFlow Machine learning models may
be easily created with Tensor-
Flow for desktop, mobile, on-
line, and cloud platforms by
both beginners and specialists.

— Easy model building

— Robust ML production any-
where

— Powerful experimentation for
research

5 Conclusion and Future Works

Undoubtedly, the healthcare system will encounter numerous issues in the fu-
ture. Countries must strengthen their healthcare systems and alleviate the strain
on them. Then, offering quality health care to all levels of the community. By
utilizing contemporary technology and smartphones. The design and use of the
mobile application in health areas will significantly increase the health literacy
level of the population, thereby educating and instructing users to maintain good
health and preventing them from visiting hospitals, thus reducing the workload of
all healthcare professionals. The vast majority of designed and proposed mobile
health applications focus on a single health concern rather than assisting the user
in all health-related areas. The proposed PHAS will host a wide range of tech-
nologies such as the adoption of wearable sensors, machine learning algorithms
used for analyzing user data, and many other during its design process. We con-
fidently can say after PHAS implementation completion in the near future our
software will provide a solid foundation that addresses all types of users’ health-
related demands and which path they should follow to live a healthy lifestyle in
order to keep them as far away from hospitalization and physician assistance as
possible.
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PARAMEDIKLERE YONELIK EGITSEL WEB SiTESi TASARIMI
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ABSTRACT. The training of paramedics as the first responder of emergency situations is of vital importance. In severe
traumas, seconds are fought with and every wasted second can lead to a significant problem. In recent years, emphasis has been
placed on reducing medical errors in patient management, especially in a hospital setting. From triage to all emergency care,
many studies emphasize the importance of education. Web-based education provides significant advantages in the education
process by eliminating many of the limitations of other education models with the opportunities it offers.

Our aim is to contribute to paramedic education by developing a web-based training tool with the help of visual elements and
evaluation tools accompanying the information.

Web-based information resources continue to increase in every field in terms of their contribution to full and complete learning.
They are a valuable learning resource because they can be accessed regardless of time and place, can be used with any number
of iterations, and they can be updated quickly. The preference of new generations to use such resources has also increased the
interest in the use of these sites. Turkish education sites for paramedic education are relatively few. Our study aims to fill the
gap in this regard.

Wordpress 5.9.3 was used to design the website. After the website was created, the content was created and published.
Afterwards, the technical evaluation of the site was made with Gtmetrix, Webpage, Loadlmpact software. The satisfaction
levels of 46 volunteers among the 2nd year students of Dokuz Eyliil University First and Emergency Aid Department were
evaluated through a questionnaire. The results of the survey were analyzed by categorical data analysis- Chi-square test method
with independent variables. Statistical analyzes were analyzed with the help of Spss program.

Despite its limitations, it was determined that the user satisfaction rates obtained with the selected sample were high. The results
of our study, which we believe will increase its function in the future, with the quantitative and qualitative improvement of the
content and the increase in the speed of access with technical support, show that the set goals have been achieved.

Keywords: Paramedic, website design, educational website

OZET. Acil durumlarin ilk karsilayicis olarak paramediklerin egitimleri yasamsal dnem tasimaktadir. Agir travmalarda
saniyeler ile savasilmakta ve bosa gegen her saniye 6nemli bir soruna yol acabilmektedir. Son yillarda 6zellikle hastane
ortaminda hasta yonetiminde tibbi hatalarin azaltilmasia vurgu yapilmaktadir. Triyaj siiresinden tiim acil bakimlara kadar,
yapilan bir¢ok ¢aligmada egitimin dnemi vurgulanmaktadir. Web tabanli egitim sundugu olanaklarla diger egitim modellerinin
birgok kisitlamasini ortadan kaldirarak egitim siirecinde dnemli avantajlar saglamaktadir.

Amacimiz web tabanl bir egitim araci gelistirerek bilgiye eslik eden gorsel 6geler ve degerlendirme araglarinin yardimuyla,
paramedik egitimine katki saglamaktir.

Tam ve eksiksiz 6grenmeye katkisi bakimmdan web tabanl bilgi kaynaklar: her alanda cogalmaya devam etmektedir. Zaman
ve mekandan bagimsiz olarak erigsmeleri, istenildigi sayida yineleme ile bilgiden yararlanilabilmesi ve hizli giincellenme
olanaklar1 nedeniyle degerli bir 6grenme kaynagidirlar. Yeni nesillerin bu tiir kaynaklar1 kullanma tercihleri de bu sitelerin
kullanimina ilgiyi artirmistir. Paramedik egitimine yonelik Tiirkge egitim siteleri gorece oldukca azdir. Calismamiz bu
konudaki eksikligi de gidermeyi hedeflemektedir.

Web sitesinin tasarimi igin Wordpress 5.9.3 kullanildi. Web sitesi olusturulduktan sonra igerik olusturularak yayinlandi.
Sonrasinda, sitenin teknik degerlendirmesi Gtmetrix, Webpage, LoadImpact yazilimlari ile yapildi. Dokuz Eyliil Universitesi
11k ve Acil Yardim Boliimii 2.sin1f 6grencilerinden géniillii 46’ sinin memnuniyet diizeyleri anket yoluyla degerlendirildi. Anket
sonuglar1 bagimsiz degiskenler ile kategorik veri analizi- Ki Kare testi yontemi ile analiz edildi. Istatistiksel analizler Spss
programi yardimiyla ¢6ziimlendi.

Smirhiliklar tasimasina karsin secilen orneklemle elde edilen kullanici memnuniyet oranlarinin yiiksek oldugu belirlendi.
Igeriginin nicel ve niteliksel iyilestirilmesi, teknik desteklerle erigim hizinin artirilmast ile gelecekte islevinin artacagma
inandigimiz ¢aligmamizin sonuglar1 konulan amaglara ulagildigini géstermektedir.

Anahtar Sozciikler: Paramedik, web sitesi tasarimi, egitsel web sitesi
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1 GIRIS

Egitim, bilgi iletisim teknolojilerinin gelismesinden etkilenmistir. Bu gelismeler kiiresel olarak web tabanli egitim
ortamlarinin tasarlanmasina yol agmigtir. Web tabanli 6grenme, 6grenciler agisindan hizmetler ve kaynaklara her yerden kolay
erigim olanag1 saglamaktadir.

T1bbi ve tibbi olmayan ¢aligsmalar 6grencilerin web tabanli egitimden memnun olduklarini géstermistir. Bu memnuniyeti
Web tabanli egitimdeki erisim ve kullanim kolaylig1 saglamistir. Burada dgrenciler e-6grenmenin geleneksel egitimin yerini
almadigini bunun bir tamamlayicisi olarak gordiiklerini belirtmislerdir (1). Tip hemsirelik ve dis egitimi literatiirii iizerine Web
tabanli 6grenme agisindan 76 ¢alisma incelenmis ve 6grencilerin basarilari agisindan geleneksel egitimle es deger goriilmiistiir.
Ogrenme verimliligini degerlendiren iki galigmadan birinde web tabanli egitimin daha verimli bir 6grenme yontemi oldugu
sonucuna vartlmistir (2). Tibbi 6grenmede e-6grenmenin etkilerini arastiran cesitli ¢alismalarda, geleneksel egitim modeli ile
e-0grenme karsilastirildiginda, e-6grenme agisindan olumlu sonuglar goriilmiistiir (3). Tip egitiminde, ¢evrimi¢i 6grenmenin
gelisimi ve uygulamasinin dniinde yetersiz altyap, teknik bilgi yetersizligi, olumsuz tutumlar gibi engeller bulunabilmektedir
(4). Saglik bilimlerindeki egitim, saglik hizmetlerinin nitelikli sunumu i¢in 6zenli ve eksiksiz gerceklestirilmelidir. Bu niteligi
saglayacak her aracin egitimde etkin kullanimi saglanmalidir. E-6grenme teknolojik gelismelerle birlikte, egitimciler arasinda
fazlaca ilgi goren bir alan olmustur. Teknolojik gelismeler ve hizli saglik gelismeleri ile sadece geleneksel egitim degil gelismis
son teknolojiyi kapsayan giincel bir egitim olmasi beklenmektedir (5). Egitimcilerin, 6grencilerin siirekli degigen ve gelisen bu
saglik ortaminda bilgilerini giincellemeleri i¢in kendilerini bu yonde gelistirmelerine gereksinim duyulmaktadir. Web ve mobil
cihaz teknolojilerinin gelismesi ile 6grenciler, e-6grenme ile kendi kisisel gelismelerini saglama firsat1 bulmustur.

Ogrencilerin e-dgrenme ve devamliligi iizerine yapilan bir calisma sonucunda dgrencilerin e-dgrenmeyi kullanma bakis
acilarmin olumlu oldugu sonucuna varilmistir (6). Paramedik egitiminde mesleki gelisim konusunda sinirli aragtirmalar olsa
da yapilan bir literatiir aragtirmasi ¢alismasinda, mesleki gelisim egitimlerinin olumlu sonuglar1 oldugu goriilmiistiir (7).

Calismamizin amaci paramedik egitimine katki vermek iizere web tabanli, goérsel materyal ile zenginlestirilmis, 6l¢me-
degerlendirme araglarina sahip bir egitim sitesi hazirlamaktir. Bu ¢alisma ile, tip bilisimi alaninda yaygin bir uygulamaya ait
bir 6rnek gerceklestirilmesi, 6grenme araci eksikligi bulunan bir alanda 6nemli bir agigin kapanmasi hedeflenmektedir.
Uygulamanin hedef kitlesine yonelik kullanict memnuniyeti anketi ile Paramedik 6grencilerinin bu aracgla ilgili goriisleri
degerlendirilecektir.

Calismamiz tiim paramedik miifredatin1 igermemektedir. Bu nedenle site igerigi de 6rnek modiillerle sinirli tutulmustur.
Kullanict memnuniyetinin 6lgiilecegi anketimize sadece Dokuz Eyliil Universitesi Saglik Hizmetleri Yiiksek Okulu i1k ve Acil
Yardim Bolimii Paramedik 2. sinif 6grencilerinin katilmasi da bir bagka sinirliligi olusturmaktadir. Sitede kullanilacak egitim
materyalinin gérsel olanlar1 profesyonel kalitede olmamasi memnuniyeti etkileyebilecek bir unsur olarak ¢aligmanin bir bagka
kisitidir.

2 YONTEMLER

2.1 Evren ve Orneklem

Evrenimiz Dokuz Eyliil iiniversitesi 1k ve Acil Yardim béliimii 2.simif dgrencileri olup toplam 62 dir. Web Sitesi
memnun olup olmama durumu belli olmadig1 i¢in bilinmeyen durum siklig1 olan p ve q 0,5dir. Bilinmeyen durumundan dolay1
d degeri 0,10 alinmigtir. Bilinmeyen durum siklig1 alinarak %95 giiven aralifinda asagidaki formiil ile en kiigiik 6rneklem
biiyiikligii 38 bulunmusgtur.

N: Kitledeki birey sayisi

2 _
Nt pq n: Ornekleme alinacak birey sayisi

p: Incelenen olayin gériilme sikhidi (olasilig)

d (N _ 1) + t pq q: incelenen olayin gériilmeme sikligi (olasiligr)

t: Belirli serbestlik derecesinde ve saptanan yaniima diizeyinde t
tablosundan bulunan teorik deger

jd: Olayin gorilme siklidina gore yapiimak istenen + sapma

2.2 Calisma Materyali

Bu ¢aligmada farkli boliimler i¢in farkli materyaller kullanilmistir.
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* Web sitesini olusturmak i¢in Wordpress 5.9.3

* Web sitenin performans analizini yapmak i¢in gerekli materyal ve yazilim
-Load Impact test yazilimi

-WebPage test yazilimi

-GTmetrix test yazilim1

+ Kullanict memnuniyetini degerlendirmek i¢in anket

2.3 Arastirma Degiskenleri

Memnuniyet anketi degerlendirmesinde cinsiyet, gorsel web iizerinden egitim aliskanlif, kisisel bilgisayar sahipligi
bagiml degiskenlerdir. Web sitesi ile ilgili memnuniyet dl¢iimleri ise bagimsiz degisken olarak tanimlamigtir.
Web sitesi teknik degerlendirmelerinde sistemin aktarim hizi, en yiiksek ve normal erisim durumlarinda sistemin verecegi
yanit, sadece yiiksek erisim durumlarinda sistemin yaniti, performans hedeflerini karsilayabilmek i¢in kag¢ kullanici veya islemi
destekleyecegi test edilen degiskenler olmustur.

2.4 Web Sitesi Tasarimi

Web sitesi tasarimi WordPress yazilimi ile gergeklestirilmistir. Bu amagla dnce WordPress iiyesi olunmustur. Daha
sonra WordPress.com Premium paket satin almarak WordPress kurulumu saglanmistir. Yazilimimmiz WordPress 5.9.3
versiyonudur. Ardindan https://wordpress.com/tr/ adresine gidilerek WordPress hesabi ag¢ilmig site alan adi
‘paramedikakademi.com’ olarak belirlenmistir.

Site tasarimryla ilgili agamalar asagida sirastyla gergeklestirilmistir.
1. Tema se¢imi ve Ozellestirme

2. Ana menii ve alt kategori 6gelerinin belirlenmesi

3. Yan menii 6gelerinin belirlenmesi

4. Yaz1 ekleme ¢ikarma

5. Gorsel ekleme

6. Site kategorileri

7. Web sitesi goriiniimii

Proje kapsaminda sadece iki modiil i¢erigi tamamlanmis olacaktir.
Bunlar;

* Acil bakim algoritmalar1

» {lk yardim algoritmalar

Site icerigi tamamlandiktan sonra kullanict memnuniyeti degerlendirilmistir.

Hazirlanan web sitesinin degerlendirilmesinde;

* Web sitesinin ilk gosterimi

* Web tasarim dlgiitleri; sitenin 6zgiinliigli, arama motoru, kullanici ara birimi, siirdiiriilebilirlik
* Goriintim; diizen, yazi tipi, renkler, sayfa uzunlugu

+ Kullanilabilirlik; kullanim kolayligt

« Igerik; bilgilerin eksiksizligi, dogrulugu, giincelligi ve anlagilirhg

« Islevsellik; web sitesi hizi, cihazlar ve tarayicilar ile uyumluluk

« Etkilesim; geri bildirim, yorum birakilmasi

* Memnuniyet; anket ile kullanislilik degerlendirilmesi

Oz nitelikleri dikkate alinarak kullanict memnuniyet 6l¢iimii yapilmustir (8).
2.5 Yazilim Degerlendirme Testleri
Web sitenin performans analizini yapmak i¢in gerekli olan GTmetrix test yazilimi, WebPage test yazilimi, Load Impact

test yazilimi sitelerine kayit olusturulup gerekli performans testleri yapilmistir.

2.6 Kullanict Memnuniyet Anketi
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Calismamizda kullanict memnuniyeti anketi Dokuz Eyliil Universitesi Saglik Meslek Yiiksekokulu ilk ve Acil Yardim
boliimiinde uygulanmustir. Dokuz Eyliil Universitesi Tk ve Acil Yardim Boliimii 2.simif 6grencilerinden rastgele goniilliiler
secilmistir. Web sitesi igerigi nedeniyle egitimlerini bitirmek iizere olan 2. smiflar tercih nedenimiz olmustur. Caligmada
hazirlanacak web sitesinin linki e-posta yoluyla 6grencilere gonderilmistir. Goniillii paramedik 6grencilerine uygulanacak bir
anket ile kullanict memnuniyeti agisindan degerlendirilmistir. Yapilacak anketle ilgili ¢calismaya katilacak olan goniillii
paramedik &grencileri “’Bilgilendirilmis Goniillii Olur Formu™’ ile bilgilendirilmistir. Yayinlanan Web Sitesini inceleyen
paramedik &grencileri kullanict memnuniyet anketini doldurdular.

Anket sorular1 sunlardir:

Tablo 1. Anket Sorular1

(Ogrencilerin cinsiyeti
EVET HAYIR
Gorsel web tizerinden egitim aliskanlig: var
mi1?
Kisisel bilgisayariniz var mi?
1(Kesinlikle 2(Katilmiyorum) 3(Kararsizim) 4 (Katiliyorum) 5(Kesinlikle
lkatilmiyorum) katiliyorum)

Web sitesinin
kullanimini kolay
buldum

Pek ok paramedigin
lbu web sitesini hizli
bir sekilde
6grenecegini
diistiniiyorum

Bu web sitesi
lparamediklerin karar
vermekte zorlandig1
noktalarda yardimei
olacaktir

Web sitesini
kullanirken glivenle
ilerliyorum

Bu web sitesini
karmagik buldum
Web sitesinde
tutarsizliklar
oldugunu
diistiniiyorum

Bu web sitesini
kullanmay1 gereksiz
buldum

Bu web sitesini
kullanirken teknik
destege ihtiyag
duydum

Web sitesindeki
cesitli fonksiyonlar
iyi entegre edilmis
buldum

Web sitesini
lbaskalarina
Onerebilirim

Olusturulan web sitesi kullanimu ile ilgili 10 soru ile bilgi topland1. Web sitesi kullanimi hakkindaki sorunun yanitlarini
etkileyebilecegi Ongoriilen degiskenler olan Ogrencilerin cinsiyeti, gorsel web iizerinden egitim aliskanligi ve kisisel
bilgisayarmin varligi ile her soru igin Ki Kare testi analiz edildi. Istatistik analizler SPSS Statistics 24 programi yardimiyla
¢oziimlendi. Ankette sorulan 10 soru 5 kategorili Likert dl¢egi seklinde yapilandiriimigtir.
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Kategoriler soyledir:
1-kesinlikle katilmiyorum
2-katilmiyorum
3-kararsizim
4-katiliyorum
5-kesinlikle katiliyorum

Yanit dagilimlari tanimlayici olarak sunulmustur. Analitik olarak degerlendirmede 1, 2(kesinlikle katilmryorum,
katilmiyorum) tek bir kategori, 3,4 ve 5(, kararsiz, katiliyorum, kesinlikle katiliyorum) tek kategori alinarak 2 kategoride tiim
sorular i¢in bagimsiz degiskenler olan cinsiyeti, gorsel web iizerinden egitim aligkanlig1 ve kisisel bilgisayarinin varlig:
degiskenlerinin kategorilerine gore ki kare testi ile analiz edilmistir.

2.7. Verilerin Degerlendirilmesi

Web sitesi tasarimi tamamlaninca teknik acidan Webpage, GTMetrix, Loadlmpact yazilimlar1 kullanilarak
degerlendirilmistir.

Anket sonuglar1 bagimsiz degiskenler ile kategorik veri analizi- Ki Kare testi yontemi ile analiz edilecektir. Ogrencilerin
cinsiyeti, gorsel web iizerinden egitim aliskanlif1 ve kisisel bilgisayarinin varligi bagimsiz degiskenler olarak incelenecektir.
Memnuniyeti sorgulayan her soru alt baslig1 da sistemi degerlendirmek i¢in kendi i¢inde analiz edilecektir.

Degerlendirmede p % 5 istatistiki anlamli smir deger ve iizeri skorlar yeterli olarak kabul edilmistir. Istatistik analizler
SPSS Statistics 24 programi yardimiyla ¢éziimlenecektir.

3 BULGULAR

3.1 Web Sitesi

Web sitesi tema segiminden sonra arka plan, ana menii ve alt kategorileriler belirlenip, yazilar kismi i¢in segilen
konularda igerik olusturularak eklendi.

Web sitesi igerikleri ve ayarlart hazir oldugunda acilis sayfasinda bulunan ‘Paramedik Akademi’ sekmesinden ‘Siteyi
Goriintiile’ tiklandi1ginda sitenin en son hali goriildi (Sekil- 1).

@ Benim sitem B Okuyucu
;6 Y
.[.
9

po 1—-__4.

PARAMEDIK AKADEMI

ACIL BAKIM ALGORITMALARI ~ EKG RITIMLERI OZEL DURUMLARDA ACIL BAKIM ~

ILETISIM

Sekil-1. Site goriintiileme ekran1 goriiniimi

Alt kategorilerin goriinlimii web sitesinde sekil-2 de oldugu gibi goriilmektedir.
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PARAMEDIK AKADEMI

ACIL BAKIM ALGORITMALARI ¥  EKG RITIMLERI

ANASAYFA

ETKILI RESUSITASYON

HAKKINDA

: ANAFILAKSI
ILETISIM

SOK

HIPERTERMI

HIPOTERMI

1ce idir.

Skil-Z. Site ategorilerinin Goriintimi
Yayinlanan yazilar ise web sitesinde sekil-3 de oldugu gibi goriinmektedir.
KARDIYAK ARREST VE ETKILI
RESUSITASYON

® 3 OCAK 2022 % YORUM YAPIN ¢ DUZENLE

Kardiyopulmoner arresti tamimak, soklanabilir ve
soklanamaz ritimlerini tamimak restsitasyon acisindan
cok 6nemlidir. Restisitasyon sirasinda geri dondiirtlebilir

Sekil-3. Yaymlanan yazilarin goriiniimii

3.2 Yazilim Testleri

GT metrix sonuglara gore A smifi performans ve yapi elde edilmistir. Performans, resim veya metin iceriklerinin
boyanmasi, sayfa iceriginin hizli yiiklenmesi, en biiyiik igerik 6gesinin boyanmasi, sayfanin etkilesimli hale gelme siiresi,
komut dosyalarinin yiiklenmesi esnasinda ne kadar siire engellendigi, sayfa diizeninin yiiklenirken ne kadar degistigi sonuglari
ile web sayfamizin kullanici tarafindan ne kadar iyi performans gosterdigini belirtir (Sekil-4).
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http:/www.paramedikakademi.com/

Report generated
Test Server Location: I+l

Using: @
GTmetrix Grade ? Web Vitals ?
Performance ? Structure 2 LCP 2 TBT 2 as @
-A 99% 97% 939ms 11ms O

Sekil-4. GT Metrix Ile Yapilan Web Sitesi Performans Raporu

WebPage performans 6l¢limii sonucu sitenin baglanmasi kisa bir zaman alirken igerik yiikklenmesinin hizli oldugu, bir tane
ciddi olmayan erisebilirlik sorunu oldugu, giivenlik sorunu olmadigi goriilmiistiir (Sekil-5).

Performans Ozeti

Firsatlar ve Deneyler @ Timini Kesfet )

@ Harika gortntyor!

Hizli mi? Fena degil

Qs B Em e Q: B em: Qo B Hem o
Sekil-5. WebPage PerformansTesti Sonucu

Load Impact yazilimi ile yapilan test sonucunda ise sunucunun sayfa agilisinda uzayan bekleme siiresi WebPage ve GT
metrix ile uyumludur (Sekil-6).

PERFORMANCE OVERVIEW

vas 2 ms and 104 330 requests were made at an average request rate of 308 requests per second

Sekil-6. Load Impact yazilimi Performans Genel Goriiniimii

Sonuglara gore web sitesinin sunucu yanit siiresi uzun siirmektedir. Web sitesinin sunucu yanit siiresini etkileyen
faktorler dogrultusunda sayfalarda az kaynak kullanilirsa sunucunun yanit verme siiresi artabilir. CSS veya Javascript
dosyalar sikistirilarak, tarayici 6n bellekleme eklentisi (Cache) kullanilarak hizlandirilabilir. Web sitesinin Hosting paketi
yiikseltilerek yani kalite ve kapsamui artirilarak, Web sunucusunun yaziliminda degisiklikler yaparak da tepki siiresi

artirilabilir.
3.3 Kullanict Memnuniyeti Anket sonuglari

Dokuz Eyliil Universitesi Ilk ve Acil Yardim Bélimii 2.smifinin 62 6grencisine ulastirilan ankete 46 cevap alinmustir.
Geri doniis oran1 %74,2 dir. Ankete katilan 6grencilerin 27’si (%58,7) kadin, 19’u (%41,3) erkek idi. Anket sonuglar1

tablolastirilarak asagida verilmistir.

Tablo 2. Anket Sonuclari

EVET HAYIR
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Gorsel web tizerinden egitim aligkanlig1 var mi? 30 16
Kisisel bilgisayariniz var mi? 34 12
1(Kesinlikle 2(Katilmiyorum) 3(Kararsizim) 4(Katiliyorum) 5(Kesinlikle
katilmiyorum) katiltyorum)

1.Web sitesinin kullanimini kolay 2 - 8 23 13

buldum

2.Pek ¢ok paramedigin bu web sitesini 1 1 5 25 14

lhizli bir sekilde 6grenecegini

diisiiniiyorum

3.Bu web sitesi paramediklerin karar 1 - 1 36 8

Ivermekte zorlandig1 noktalarda yardimet

olacaktir

4. Web sitesini kullanirken giivenle 1 2 8 22 13

ilerliyorum

5.Bu web sitesini karmagik buldum 12 24 6 3 1

6.Web sitesinde tutarsizliklar oldugunu 11 20 12 1 2

diistiniiyorum

7.Bu web sitesini kullanmay: gereksiz 15 21 8 - 2

buldum

8.Bu web sitesini kullanirken teknik 15 20 7 2 2

destege ihtiyag duydum

9. Web sitesindeki gesitli fonksiyonlart 1 5 9 23 8

iyi entegre edilmis buldum

10.Web sitesini bagkalarina 1 1 4 27 13

Onerebilirim

Tablo3. Cinsiyete gore sorulara verilen yanitlarin dagilimlar

kadin erkek
sorular yanit smifi n % n % P
1+ kolay 1--2 23 85,2 13 68,4
0,320

3--4--5 4 14,8 6 31,6

2-+hizl 6grenme 1--2 24 88,9 16 84,2 0,985
3--4--5 3 11,1 3 15,8

3+ karar yardimi 1--2 27 100,0 17 89,5 0,322
3--4--5 0 0,0 2 10,5

4+ giiven 1--2 21 77,8 14 73,7 1,000
3--4--5 6 22,2 5 26,3

5- karmagik 1--2 1 3,7 3 15,8 0,368
3--4--5 26 96,3 16 84,2

6- tutarsizlik 1--2 1 3,7 2 10,5 0,752
3--4--5 26 96,3 17 89,5

7- gereksiz 1--2 1 3,7 1 5,3 1,000
3--4--5 26 96,3 18 94,7

8- destek 1--2 1 3,7 3 15,8 0,368
3--4--5 26 96,3 16 84,2

9+ iyi entegre 1--2 21 77,8 10 52,6 0,141
3--4--5 6 22,2 9 474
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10+ 6neririm 1--2 26 96,3 15 78,9 0,167

3-4-5 1 37 4 21,1

Olumlu yondeki 1,2,3,4,9 ve 10 nolu sorulara verilen yanitlarin sikligi %52,6 (web sitesini iyi entegre edilmis buldum)
ile %100 (Bu web sitesi paramediklerin karar vermekte zorlandig1 noktalarda yardimci olacaktir) arasinda olumlu yénde yanit
vermiglerdir. Kadin ve erkeklerdeki bu olumlu sorulara yanitlarin siklik dagilimlari arasinda fark saptanmamugtir. Dikkati ¢eken
en onemli bulgu hem kadin hem erkek grupta karar vermede sistemin yardimci olduguna dair olumlu yanitin bildirilmesidir
(kadin%100, erkek%89,5) (Tablo 3).

Sistemle ilgili olumsuz olan sorulara katilma durumunda %3,7 ile %15,8 arasinda degisen sikliklar goriilmiistiir.
Olumsuz sorulara daha az siklikta katilimin, sistemi kullanma ydniinde memnuniyeti gosterdigi disiiniilmiistiir. En yiiksek
olumsuz bildirim web sitesinin karmasik oldugu ve web sitesini kullanirken teknik destek alma geregi duyuldugu iizerine %15,8
olarak bildirilmistir (Tablo 3).

Tablo 4.Gorsel web iizerinden egitim aligkanligina gore sorulara verilen yanitlarin dagilimlar

var yok
sorular yanit sinifi n % n % P
1+ kolay 1--2 25 83,3 11 68,8
0,443
3--4--5 5 16,7 5 31,3
2+ hizli 6grenme 1--2 27 90,0 13 81,3
3--4--5 3 10,0 3 18,8 0,704
3+ karar yardimi  1--2 29 96,7 15 93,8
3--4--5 1 3,3 1 6,3 1,000
4+ giiven 1--2 25 83,3 10 62,5
3--4--5 5 16,7 6 37,5 0,224
5- karmagik 1--2 2 6,7 2 12,5
3--4--5 28 93.3 14 87,5 0,905
6- tutarsizlik 1--2 1 3,3 2 12,5
3--4--5 29 96,7 14 87,5 0,567
7- gereksiz 1--2 1 3,3 1 6,3
3--4--5 29 96,7 15 93,8 1,000
8- destek 1--2 1 3,3 3 18,8
3--4--5 29 96,7 13 81,3 0,223
9+ iyi entegre 1--2 24 80,0 7 43,8
3--4--5 6 20,0 9 56,3 0,012
10+ Oneririm 1--2 27 90,0 14 87,5
3--4--5 3 10 2 12,5 1,000

Olumlu yondeki 1,2,3,4,9 ve 10 numaral1 sorulara verilen yanitlarin siklig1 %43.8 (web sitesini iyi entegre edilmis
buldum) ile %96.7 (6,7,8.sorular) arasinda olumlu yonde yanit vermislerdir. Entegrasyonu k&tii bulan grubun %40’ 1in1n, iyi
bulan grubun %77.4’{inlin web iizerinden egitim aligkanli§1 vardir. Entegrasyonu kotii bulan grubun web {izerinden egitim
aligkanlik siklig1 istatistiksel anlaml olarak daha diisiiktii ( p=0,012 ) (Tablo 4).

Tablo 5. Kisisel bilgisayarin varligina gore sorulara verilen yanitlarin dagilimlari
evet hayir
sorular yanit sinifi n % n %
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1+ kolay 1--2 27 79,4 9 75

1,000
3--4--5 7 20,6 3 25
2+ hizli 6grenme 1--2 30 82,2 10 83,3 1,000
3--4--5 4 11,8 2 16,7
3+ karar yardimi 1--2 33 97,1 11 91,7
3--4--5 1 2,9 1 8,3 1,000
4+ giiven 1--2 26 76,5 9 75
3--4--5 8 23,5 3 25 1,000
5- karmagik 1--2 4 11,8 0 0
3--4--5 30 88,2 12 100 0,517
6- tutarsizlik 1--2 3 8,8 0 0
3--4--5 31 91,2 12 100 0,701
7- gereksiz 1--2 2 5,9 0 0
3--4--5 32 94,1 12 100 0,971
8- destek 1--2 2 5,9 2 16,7
3--4--5 32 94,1 10 83,3 0,586
9+ iyi entegre 1--2 22 64,7 9 75
3--4--5 12 35,3 3 25 0,767
10+ Oneririm 1--2 31 91,2 10 83,3
3--4--5 3 8,8 2 16,7 0,833

Olumlu yondeki 1,2,3,4,9 ve 10 numarali sorulara verilen yanitlarin sikligi %64,7(web sitesini iyi entegre edilmis
buldum) ile %97,1(Bu web sitesi paramediklerin karar vermekte zorlandig1 noktalarda yardimer olacaktir) arasinda olumlu
yonde yanit vermislerdir. 5,6,7ve 8 numarali olumsuz sorulara katilma siklig1 %5,9(7ve 8.soru) ile %16,7 (Bu web sitesini
kullanirken teknik destege ihtiya¢ duydum) arasinda goriilmiistiir (Tablo 5).

4 SONUC

Calismamizda Wordpress kullanilarak yapilan egitsel bir web sitesi paramedik 6grencilerine sunuldu. Sitenin web
ortaminda tiim iglevleri ile ¢aligabilir olmasi saglandi. Yapilan teknik web analizlerinde mevcut standartlarda yeterli degerler
elde edildi. Calismamizda en dikkat ¢eken bulgu, memnuniyet anketi ile ulasilan 62 kisiden ¢aligmaya yanit veren 46 paramedik
6grencisinin (%95,7) karar vermekte zorlandiklar1 noktalarda site iceriginin kendilerine yardimci olacagini bildirmis olmasidir.
Temsiliyet sorunu bulunmasi ve diisiik sayida bir topluluk ilizerinden elde edilmis bir sonug olsa da karar vermeye yardimci
oldugu tanimlayici bulgularda goriilmektedir (Tablo 3). Secilen 6rneklemle elde edilen kullanici memnuniyet oranlarinin
yiiksek oldugu belirlendi.

Igeriginin nicel ve niteliksel iyilestirilmesi, teknik desteklerle erisim hizinin yiikseltilmesi ile gelecekte islevinin
artacagina inandigimiz ¢aligmamizin sonuglar1 konulan amaglara ulasildigini géstermektedir.
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Extended Abstract

Background

Electronic Health Records (EHR) are becoming increasingly widespread globally,
including in Turkey. The volume of data collected with these systems is also
increasing. The use of EHR in research will have significant contributions to the
development and advancement of the health sector. However, it is extremely
important to protect patient privacy and personal data when using these records.
Therefore, similar to many countries in the world, legal regulations have been made in
Turkey regarding how patient’s data will be shared. According to these regulations,
direct sharing of data is not allowed. On the other hand, this data can be an invaluable
resource for a rapidly developing artificial intelligence research area. Therefore, de-
identifying these data and sharing with researchers has recently been a field of study
for researchers.

Looking at the literature, it is seen that there are many studies on the de-identification
of electronic health records in English [1]-[5]. Although there are many studies, the
data set that has been labeled and de-identified and published in the field of health is
very limited. MIMIC-III and 12B2 datasets were used as labeled datasets in the
studies [6]-[8]. However, to the best of our knowledge, there is no such data set
published in Turkey. Moreover, a lot of work has been done on this subject in the
USA and Europe, and although it is still a very important research topic, no de-
identification work has been done on Turkish Electronic Health Records (TEHRs).
Our study will fill this gap in the literature.

Currently the knowledge of experts is needed for the approval of "de-identified"
health records containing personal data. In this process, the expert verifies that there is
no personal information in the text. However, this process is not an efficient process
in terms of both time and cost. In this study, a method of de-identification that will
hardly require the intervention of experts will be studied. It is aimed to de-identify
with a method in which machine learning and Human-artificial intelligence
collaboration methods are integrated, and thus this data is made available to
researchers. In this context, the study was handled in 4 stages.

In the first stage, data will be labeled by using rule-based methods, data mining and
entity recognition methods on TEHRs. In the second stage, the annotated data will be
checked by an expert team. If there is sensitive data missed, they will be labeled
manually. In the third stage, a Deep Learning based model will be proposed to de-
identify TEHRs. In the fourth stage, iterative improvement of the model is planned.
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Thus, as a result of this study, the de-identified TEHRs will be shared with
researchers.

Motivation/Objective

In this study, we propose a system to de-identify Turkish electronic health records.
Our motivation in this study is that there are many studies on the de-identification
English health records. To the best of our knowledge, there is a few research done for
Turkish electronic health records.

Electronic health records (EHRs) may contain information critical to health research.
Using these records, researchers can contribute to the advancement of the health
sector or the rapid implementation of diagnosis and treatments. Therefore, for the data
to be used by the researchers, it is necessary to protect the confidentiality of the
patients and to comply with the legal regulations made in this field. Legal regulations,
Health Insurance Portability and Accountability Act (HIPAA) in the USA [8],
General Data Protection Regulation (GDPR) in Europe and Personal Data Protection
Law (KVKK) in Turkey, etc. According to these regulations, only de-identified data
can be shared with researchers. HIPAA has defined 18 determinants of which type of
information should be deleted from the records for de-identification [5], [9]. These
identifiers are information that identifies the person directly or indirectly, such as
name, surname, address. As a result, there are very limited dataset in English that
have been de-identified and published. However, as far as we know, there is no such
data set published in Turkey. Therefore, it is aimed to create an automatic de-
identification system for the secure deletion or masking of identifiers in Turkish
Electronic health records. With the system, TEHRs, which has been de-identified, will
be shared for the improvement and development of the health sector.

Method

In this study, a learning method is proposed that can de-identify health records in the
literature accurately and completely and minimize expert knowledge.

In the first stage of the method, a labeled data set will be created for machine
learning. First of all, name, surname, telephone and address and other sensitive data
will be labeled in our Turkish health records data set, using rule-based methods and
named entity recognition method [3], [5], [10]-[12]. For example, if the word Ahmet
is mentioned in the text, it will be labeled that it is a name, and if the word Izmir is
mentioned, it will be annotated as a location. Since health data is very sensitive and
confidentiality is extremely important, it would be very beneficial for such a process
to undergo human control. Therefore, the labeled data set for the next stage will be
reviewed and relabeled by the students of Dokuz Eylul University Vocational School
of Health Services, Department of Medical Documentation and Secretarial. Thus,
learning data will be created without missing any sensitive data.

In the second step of the method, a prediction model will be created. At this stage, the
data set we labeled before will be used as training data and the model will be learned.
Then, the crowdsourcing method will be used to verify whether the sensitive data
determined by the prediction model as the most appropriate is truly descriptive. These
interactions will be read by experts and verified as positive or negative. In the third
stage, candidate interactions verified by experts will be iteratively added to the
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training set. Thus, the performance of the growing training set model is expected to
increase in an adaptive way.

Conclusion

This study aims to develop a system for de-identifying Turkish electronic health
records (TEHRs) in order to make the data available for research purposes while
protecting patient privacy and personal data. The study proposes a method that
integrates machine learning and human-artificial intelligence collaboration to create
an efficient and accurate de-identification process. The method involves four stages:
labeling the data using rule-based methods and entity recognition, reviewing the
annotated data by an expert team, creating a deep learning-based model for de-
identification, and iteratively improving the model. The goal of this study is to create
a secure and reliable de-identification system for TEHRs, filling the gap in the
literature and contributing to the advancement of the health sector.

Keywords: Turkish electronic health records, De-identification, Machine learning,
Entity recognition, Natural language processing
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Kronik Hastalik Yonetiminde Ev Tabanh Bilisim
Teknolojileri: Randomize Kontrollii Calismalarin
Sistematik Derlemesi
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ease Management: A Systematic Review of Randomized
Controlled Trials

1[0000-0002-0576-5948] 2[0000-0003-3133-2692]

Yasemin Demir Avci and Nese Zayim

" Halk Saglig Hemsreligi AD, Hemsirelik Fakiiltesi, Akdeniz Universitesi Antalya.
? Biyoistatistik ve Tip Bilisimi AD, Tip Fakiiltesi, Akdeniz Universitesi Antalya.

Ozet. Bu arastirma kronik hastalik yonetimde ev tabanli bilisim teknolojileri
miidahalelerinin etkinligini degerlendirmek icin yapilan sistematik bir literatiir
taramasidir. Liteartiir taramasi 12 Ocak 2023'ye kadar Web of Science, Springer
Link, Science  Direct, Cochrane  Library, PubMed, Scopus,
EBSCOhost/CINAHL Complete ve MEDLINE veritabanlarmda Ingilizce
dilinde yaymnlanan caligmalardan olugsmakta ve 2006 ile 2023 arasindaki
yillarm1 kapsamaktadir. Ayrica, Sistematik Incelemeler ve Meta-analizler icin
Tercih Edilen Raporlama Ogeleri (PRISMA) beyan1 kontrol listesi
kullanilmustir. Aragtirma kriterleri PICOS gore planlanmistir. Bu sistematik
derlemede tamimlanmus dahil etme kriterleri randomize kontrollii ¢alisma,
bilisim ile ilgili girisim ve kronik hastaliktir. Dislama kriterleri ise retrospektif,
vaka kontrol, kohort, kesitsel, prospektif, 6zetler, vaka raporlari, protokol, kitap
boliimii, tez ve Ingilizce olmayan ¢aligmalardir. Sistematik inceleme icin tarama
sonrasi elde edilen 271 makaleden 12'sinin galigma kriterlerine uygun oldugu
belirlenmistir. Calismalarin yapildig: iilkeler; Kanada, Japonya, Danimarka,
Cin, ABD, Hollanda, Brezilya’dir. Kronik hastalik tiirleri KOAH, inme,
Diyabet, hipertansiyon, kanser, kardiyovaskiiler hastalik, HIV/AIDS, Parkinson
hastaligidir. Ev tabanli miidahale tiirleri karar destek sistemi, telefonla iletisim,
sms, web temelli egitim, sanal ev ziyareti, akilli telefon kullanimi, telesaglik,
hatirlatici araglardir. Girisim stireleri bir ay ve iki y1l arasinda degismektedir.
Girisim sonuglariin kan basinct kontrolii sagladigini, HAIC diizeyini
diislirdtigli, diisme riskini azalttii, maliyet etkin oldugu ve tip bilisim
teknolojilerinin hasta memnuniyetini arttirdig1 belirlenmistir. On iki randomize
kontrollii ¢aligmanin sistematik incelemesinde, ¢aligmalarin ¢ogunda, ev tabanl
bilisim teknolojileri miidahalelerinin kronik hastalik yonetiminde etkili
olabilecegini gostermektedir.
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Anahtar Kelimeler: Kronik Hastalik Yonetimi, Evde Bilisim Teknolojileri,
Sistematik Derleme.

Abstract. This research is a systematic literature review conducted to evaluate
the effectiveness of home-based information technologies interventions in
chronic disease management. The literature search includes studies published in
English language until January 12, 2023 in Web of Science, Springer Link, Sci-
ence Direct, Cochrane Library, PubMed, Scopus, EBSCOhost/CINAHL Com-
plete and MEDLINE databases. Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) checklist was used. The research criteria
were planned according to PICOS. The inclusion criteria identified for this sys-
tematic review are randomized controlled trials, intervention related to infor-
mation technology, and chronic disease. Exclusion criteria were retrospective,
case-control, cohort, cross-sectional, prospective, abstracts, case reports, proto-
cols, book chapters, theses, and non-English language studies. Among 271 arti-
cles obtained after the literature search, 12 were found to meet the study crite-
ria. The countries where the studies were conducted are Canada, Japan, Den-
mark, China, USA, the Netherlands, and Brazil. Chronic diseases included in
the studies are COPD, stroke, diabetes, hypertension, cancer, cardiovascular
disease, HIV/AIDS, and Parkinson's disease. Home-based intervention types
are decision support systems, phone communication, SMS, web-based educa-
tion, virtual home visits, use of smartphones, telehealth, and reminder tools. In-
tervention durations vary between one month and two years. The results of the
interventions were found to control blood pressure, reduce HAIC levels, de-
crease the risk of falls, be cost-effective, and increase patient satisfaction with
medical information technologies. The systematic review of twelve randomized
controlled trials suggests that home-based information technology interventions
can be effective in chronic disease management.

Keywords: Management of Chronic Diseases, Home-Based Information Tech-
nologies, Systematic Review.

1  Giris

Kronik hastalik, yavas veya hizli ilerleyen, bireylerin yasamlarini etkileyen,
uzun siireli tedavi ve hastalik yonetimi gerektiren saglik durumlaridir [1]. Kronik
hastaliklarla  birlikte hastalik prevalansinda, semptomlarda ve fonksiyonel
kisitlamalarda bir artis olmustur. Buna paralel olarak saglik ve tibbi kaynaklara,
rehabilitasyon hizmetlerine ve alternatif bakim miidahalelerine olan gereksinimlerde
artis olmustur [2]. Kronik hastaliklarin taniminda da belirtildigi gibi, hastalarin tedavi
planlarma uygun sekilde yonetmeleri ¢ok 6nemlidir. Bu tedaviler uzun siireli oldugu
icin siire¢ hastane veya poliklinikte baslayip evde devam etmektedir.

Kronik hastaliklarmm evde yonetimi i¢in giliniimiizde birgok bilisim
teknolojilerinden yararlanilmaktadir. Kronik hastaliklarin evde yénetiminde bilisim
teknolojileri uzaktan hastalik yonetimi yapilmasi, siirekliligin saglanmasi, personelin
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is ylkiiniin azalmasi, saglik verilerin toplanmasi, hatalarin azalmasi, hastanin ve
ailesinin yasam kalitesinin artmasi, saglik ¢iktilarinin analiz edilmesi ve etkin maliyet
yonetimi gibi bir ¢ok avantaj saglamaktadir. Ayrica, bilisim teknolojileri iletigimi
kolaylagtirmaktadir [2,3]. Eve kullanilan bilisim teknolojilerinin bazi zorluklart
vardir. Ornegin;Bu ¢alismada Tiirkiye’deki diyabet prevalansinm il bazinda sicaklik,
yagis ve kisi bast gelir ile iliskisi arastirtlmistir. kullanicilarin  teknoloji
okuryazarligmin diisiik olmasi, internet erisim gibi durumlar kullanicilar
zorlamaktadir [4]. Bu aragtirma kronik hastalik ydnetimde ev tabanli biligim
teknolojileri miidahalelerinin etkilerini degerlendirmek igin yapilan sistematik bir
literatiir taramasidir.

2 Gere¢ ve Yontem

Bu sistematik derleme Cochrane Handbook for Systematic Reviews version 6.3. gore
hazirlanmistir[S].  Sistematik Derleme ve Meta-Analizler igin Tercih Edilen
Raporlama Ogeleri (Preferred Reporting Items for Systematic Reviews and
MetaAnalyses=PRISMA) [6]. Bu sistematik derleme icin Ingilizce dilinde
yayinlanan ¢alismalar incelenmistir. Arastirma verileri, yil sinirlamasi olmaksizin 12
Ocak 2023'ye kadar Web of Science, Springer Link, Science Direct, Cochrane
Library, PubMed, Scopus, EBSCOhost/CINAHL Complete ve MEDLINE
veritabanlarinda Subat 2023'ye kadar ii¢ bagimsiz arastirmaci tarafindan incelenen
calismalar, 2006 ile 2023 wyillar1 arasindaki yillar1 kapsamaktadir. Caligmalar,
PICOS'un dahil etme ve dislama kriterlerine gore belirlenmistir. Bu kriterler, hasta
popiilasyonu (P), miidahaleler (I), karsilagtirma grubu (C), sonu¢ (O) ve caligma
tasarimi (S) igermektedir [S]. Dabhil etme kriterleri: kronik hastalik. I: tiim evde
uygulan bilisim teknolojileri; C: miidahale ile miidahale olmayan standart bakim veya
kontrol gruplarini karsilastiran ¢calismalar; O: Bu ¢alismada, evde saglik hizmetlerinde
kronik hastalik bakimimni y6netimi i¢in bilisim teknolojilerini kullanan ¢aligmalardan
birincil veya ikincil bir sonu¢ olarak inceleyen calismalar; S: Sadece Ingilizce
yayinlanmis randomize kontrollii ¢alismalar bu c¢alismaya dahil edilmistir. Diglama
kriterleri sunlardir: Kontrol grubu olmayan calismalar, randomize olmayan kontrollii,
retrospektif, vaka-kontrol, kohort, kesitsel, prospektif, 6zetler, vaka raporlari, protokol
ve Ingilizce olmayan calismalar calisma disinda birakilmistir

3 .Bulgular

Bu sistematik inceleme igin tarama sonrasi elde edilen 271 makaleden 12'sinin
calisma

kriterlerine uygun oldugu ve 2076 katilimci oldugu belirlenmistir.. Calismalarin
yapildig: tilkeler; Kanada, Japonya, Danimarka, Cin, ABD, Hollanda, Brezilya’dir.
Kronik hastalik tiirleri KOAH, inme, Diyabet, hipertansiyon, kanser, kardiyovaskiiler
hastalik, HIV/AIDS, Parkinson hastaligidir. Ev tabanli miidahale tiirleri telefonla
iletisim, sms, web temelli egitim, sanal ev ziyareti, akilli telefon kullanimi, telesaglik,
hatirlatici araglardir. Girisim siireleri bir ay ve iki yil arasinda degismektedir.
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Girigim sonuglarmin kan basinci kontrolii sagladigini [7,8 ]; HA1C diizeyini
diislirdiigii [9]; diisme riskini azalttig1, maliyet etkin oldugu [10,11] ve tip bilisim
teknolojilerinin hasta memnuniyetini arttirdigi [12] belirlenmistir.

4 Sonug¢

Literatiirde bu konu ile yapilmis bir¢ok farkl tiirde derleme oldugu belirlenmistir
Yildirim ve Cevirgen calismasinda [3] kronik hastalik yonetiminde kullanilan bilisim
tabanli uygulamalarin; bakim kalitesini, takip edilebilirligi, farkindaligi, 6z-yonetim
becerisini, bilgi seviyesini arttirdigi, buna karsilik hastane ziyaretlerini, ig yiikiin, is
giicli kaybini, maliyeti, veri kaybini, basarisiz tedavi oranini, tamamlanmamis tedavi
oranint azalttig1 ifade etmistir. Bagka bir sistematik derlemede, kronik hastalik
yonetimi igin ev tabanli bilgi ve iletisim teknolojisi destekli miidahalelerin
uygulanabilirligi ve faydalari, ozellikle saglik sonuglari ve maliyetler tizerindeki
etkilerine odaklanmustir [2].

Bu calismada, ev tabanli bilisim teknolojilerinin kronik hastalik yonetimi
tizerindeki etkisini gosteren g¢alismalarin ¢ogunlugunu yaptigi girisimler sonrasinda
etkili olmustur. Ev tabanli bilisim teknolojilerinin kronik hastalik yonetimi tizerindeki
etkisini gosteren bilisim ¢alismalarini giiglendirmek icin, daha fazla benzer
calismalarin yapilmas1 gerekmektedir. Bu caligmalar, farkli kronik hastaliklarin
yonetiminde ev tabanli bilisim teknolojilerinin etkisini arastirmali ve farkli niifus
gruplarinda, oOzellikle yashlar gibi daha dezavantajli gruplarda kullanimini
degerlendirmelidir.
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Abstract:

The aim of this study is to investigate the reliability and quality of the information videos on the "Youtube"
site, which is one of the frequently used information sources.

A search was made on "Youtube" on 16.07.2022 with the appropriate keywords selected for muscular
dystrophies, and the informative videos were included in the study. Video quality was evaluated with the
Global Quality Scale and grouped as low, medium and high. The modified DISCERN scale was used for the
quality and reliability of the video content.Parameters of the videos were recorded and comparisons were
made between groups.

50 of the 148 videos obtained from the results were seen as informative videos and included in the analyses. It
was seen that 12 (24%) of the videos were low quality, 20 (40%) medium, and 18 (36%) high quality. It has
been shown that videos from academic institutions, physicians or professional organizations are of higher
quality than videos prepared by other sources (p<0.05).The reliability (DISCERN) of the contents of high
quality videos was also found to be high (p<0.05).However, the number of views, likes, number of
comments, duration, likes/views or comments/views were not found to be predictive in terms of quality.
Another noteworthy detail was the presence of advertisement videos (n:37) of therapeutic options that were
detected during the scanning of information videos and whose scientific accuracy is questionable. If sites such
as Youtube will be used as a source of information, particular attention should be paid to these issues.
Choosing videos from academic institutions, physicians or professional organizations as a source can increase
the possibility of quality content, especially the need for videos from these sources is higher. Video
parameters did not appear to be a predictor for quality. However, hidden advertisements or unscientific
content should be approached carefully during the search for information in this medium that can be used by
everyone.

Keywords: Patient education, Youtube Neuromuscular disease

1 Introduction

The muscular dystrophies are a group of diseases that damage skeletal muscle integrity and cause them to break
down over time.This weakens the patients as the disease the movements and mobility of the patients are
inhibited death may occur as a result of failures of organs.Most of these diseases are caused by genetic mutations
in the structural proteins of the muscle and the definitive diagnosis is given by genetic testing or biopsy. This
family of diseases include Duchenne muscular dystrophy, Becker muscular dystrophy, facioscapulohumeral
muscular dystrophy, limb-girdle muscular dystrophy, and myotonic dystrophy[1].

The Internet has become a modality of choice for obtaining information since its introduction. It has been
claimed that nearly half of the population use the internet to get an idea of their health and illnesses. In addition,
the use of the Internet is also gaining popularity for medical information. One of the information sources is
Youtube, a popular site that allows users to share and watch videos[2]. With the simple interface and easy
access, Youtube has been used as a learning tool for the health issues. However, the validity, quality and
reliability of on these platforms can be questioned, because user can share the video of his choice as long as
respects the terms of the agreement, without protection mechanisms such as peer review.

It is unknown whether the videos on Youtube are valid and reliable sources of information on muscular
dystrophies. The purpose of this study is to examine the quality of health care information provided by Y outube.

In addition, another aim is to detect possible or video characteristics for the quality and reliability of the
information. Assessing the reliability and validitiy of sources of information for this group of diseases can help
patients to gain trustable information, and show the potential discriminators of better quality information as well

as harmful disinformation.
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2 Material and methods

The chosen keywords, “Muscular Dystrophy”, “Duchenne Muscular Dystrophy”,”Becker Muscular Dystrophy”,
“Muscular Dystrophy treatment”, were written in the search bar in the site “www.youtube.com” in July 16th,
2022. As users mostly view the first three pages, all the videos in the first three pages were included[3]. The
chance of a video appearing in these pages also increase with the popularity of the video as well, giving us the
most popular ones. Irrelevant videos, duplicates, non-English videos or videos with serious technical flaws that
made it impossible to assess were excluded.

Global Quality Scale(GQS): GQS is a scale that aims to evaluate the internet sources of information. It includes
the criteria of flow of the media, ease of use, The scores can range from 1 to 5, 1 or 2 indicating low quality, 3
indicating intermediate quality and 4 or 5 indicating high quality[4].

DISCERN tool: Modified DISCERN tool was used to assess the reliability of the invluded videos. Results of the
assessment can range from 0 to 5 points, with higher scores being more reliable[5].

Sources and the properties of the videos: Video sources were determined by the evaluators and the following
categories were defined: “Academic/University”, “Physician”, “Health-related website”, “Professional
organization”,”Non-physician health personnel”, ‘“Patient” and “Independent User”’[6]. Other video
characteristics were also recorded and analysed, including total number of likes, comments, views and the
duration of the videos.

All the evaluations were done by a medical doctor who was specialized in the care and the rehabilitation of this
patient group.

Since it is not a study using data obtained from human subjects and using public data, it is exempt from the
ethics committee. This was also valid for other examples of the similar study designs[6, 7].

2.1  Statistical analysis

The Statistical Package for the Social Sciences version 26.0 package program (SPSS Inc., Chicago, IL,USA)
was used for the analyses. Median(minimum-maximum), Median(Interquartile range), numbers and percentages
were definde to describe the data. The Shapiro-Wilk test was used to assess the normality of the distributions.
Chi-square tests and The Kruskal-Wallis test were used to compare the data among the groups, depending on the
type of data, either categorical or continous, and relevant post-hoc tests were used in cases of significance,
namely 2x2 chi square test and Mann-Whitney U test. The threshold for significance was considered p<0.05.

3 Results

The duplicate videos(n:92) were removed after obtaining the initial 240 videos. 50 of the 148 videos obtained
from the results were seen as informative videos and included in the analyses. It was seen that 12 (24%) of the
videos were low quality, 20 (40%) medium, and 18 (36%) high quality. The general characteristics of the videos
are given in Table 1.

Tablel: General characteristics of the videos (Median(min-max))

Videos(n:50)
Number of Views 13087(390-612281)
Number of Likes 155(0-9132)
Number of Comments 20(0-613)
Duration(seconds) 305(56-4124)

In terms of quality, it has been shown that videos from academic institutions, physicians or professional
organizations are of higher quality than videos prepared by independent users, health-related websites, non-
physician healthcare personnel and patients (p<0.05)(Table 2).

Table 2: Source of the videos according to quality groups
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Low Quality(n:12) Intermediate High
Quality(n:30) Quality(n:18)

Physician 0 4(57.1%) 3(42.9%)
Professional organization 3(15%) 8(40%) 9(45%)
Academic/University 1(14.3%) 2(28.6%) 4(57.1%)
Health-related website 2(50%) 1(25%) 1(25%)
Non-physician health personnel 5(83.3%) 1(16.7%) 0

Patient 0 2(100%) 0
Independent User 1(25%) 2(50%) 1(25%)

The reliability (DISCERN) of the contents of high-quality videos was also found to be high (p<0.05).
However, the number of views, likes, number of comments, duration, likes/views or comments/views were not
found to be predictive in terms of quality(Table 3). There were also advertisement videos (n:37) of therapies that

were detected during the scanning of information videos and whose scientific accuracy is questionable.

Table 3: The differences between video features among quality groups for videos (Median-IQR)

Video Qualities
Low Quality(n:36) Intermediate High Quality(n:20) p
Quality(n:60)
DISCERN score 1.5(1-2) 2(1-2) 3(2-4) <0.001

Number of Views 11185(3221-26674) 12882(2997-32455) 21616(7945-92052) 0.37
Number of Likes 99(16-228) 159(63-333) 153(85-838) 0.28
Number of Comments 21(3-37) 14(7-84) 19(8-75) 0.91
Duration(seconds) 223(82-555) 275(224-385) 358(215-434) 0.33
Likes/Views 0.008(0.005-0.02) 0.008(0.006-0.01) 0.007(0.004-0.012) 0.75
Comments/Views 0.001(0.0007-0.002) 0.001(0-0.0014) 0.0008(0.0002-0.001) 0.34

4 Discussion

With the developing technologies, internet and related sources of information such as web sites have gained
popularity. However, these sources with enormous information potential also come with a price, defined as the
risk of biased, flawed, invalid or potentially harming information[8]. Since sites such as Youtube is not able to
apply a protective barrier formed by reviews and inspections of experts as of now, avoiding this risk requires the
effort of the users, as well as the health professionals if they decide to offer them to their patients. With the first
efforts of researchers trying to analyze the quality of healthcare information delivered through Youtube[2], these
efforts appear to grow and spread in many areas in medicine[3, 7, 9]. Still, there is no data regarding the quality

of the videos that were uploaded on muscular dystrophies.
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The classification of the videos according to their sources revealed that the videos prepared by physicians,
academic or professional organizations had higher qualities than the other sources. Albeit constituting a smaller
part, the videos prepared by the patients themselves were also found to have a intermediate quality, showing that
they could also be useful for giving relevant information. The other sources were found to have mixed quality
information, making it necessary to question their accuracy and usefulness. The literature showed similar results
for various medical conditions, claiming the healthcare professionals and professional or academic organizations
gave the highest quality information on Youtube[10, 11]. Patients may have a chance to find better quality
videos if they sought the ones that were prepared by those sources, according to the results of this study.
Physicians, academic or professional organizations should also strive to prepare more videos since it can be
useful for patient education
A noteworthy detail was the presence of advertisement videos (n:37) of therapies that were detected during the
scanning of information videos and whose scientific accuracy is questionable. If sites such as Youtube will be
used as a source of information, particular attention should be paid to these issues.

The strength of the study was the valid and reliable scoring systems were used to assess the videos, which were
used extensively in the former studies on different topics.
There are also several limitations of the study as well. The videos were chosen and evaluated in a single
snapshot, which reflected the chosen moment of Youtube, which hass a highly dynamic and changing structure.
Although GQS has had an extensive use for these studies, it is still a subjective scoring system, and it is also hard
to find an objective tool to replace that. Another limitation was the evaluation system of the videos, since the
evaluations were conducted by a single expert. Use of more than one expert for the evaluations and assessing the
consistencies of these evaluations could contribute to the reliability of the study. Finally, the search for the
videos only included the videos in English. The results may vary across different locations and languages as
well.

5 Conclusion

The internet serves as a source of information for health with an increasing access everyday. Youtube is one of
the most popular video sites with sheer numbers of access, and it was found that it has a mixed pool of videos
when evaluated for their quality and reliability on muscular dystrophies. Since the professional organizations,
academic organizations or physicians seem to produce the most reliable and highest quality videos, they should
strive to create more videos for the patient education, and this may help them to learn their diseases better,
adhere more to their treatments, and hopefully get a better quality of life.
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Abstract. The importance of patient monitoring systems is ever increasing with
the use of telemetry in health care. Information Technology is an indispensable
enabler in support of solutions in this area. Context aware computing and context
aware platforms offers various advantages in developing applications, especially
in the personalization of health care. Such a platform allows rapid application
development by coordinating data sources and sinks, while enforcing rules for
managing health care processes. This paper presents a conceptual architectural
framework for Patient Care Management System, based on the notion of context
awareness. The architecture can be widely used in a variety of applications in
context awareness. The system’s modular structure allows its extension with
other features such as security and privacy.

Keywords: Context-Aware Systems, Patient Care Management System, Service
Oriented Architecture, Web Services.

1 Introduction

The dynamic and ever-evolving software industry leads to innovative applications in
different sectors. A leading role in this field is played by health informatics, with its
extensive use of mobile devices, sensors, and applications. Software has become the
key component in critical systems, such as autonomous and intelligent systems.
Pervasive computing and ubiquitous computing technologies have also led to the
development of embedded and real-time software applications, involving all computers
in the environment, regardless of place and time. Software, computers, and
communication technologies have been the source of all important breakthroughs,
especially in the field of health informatics.

Medicine, and specifically, medical informatics is one of the fields that benefits most
from developments in Information and Communication Technology (ICT) because
these developments have such a wide range of impacts on the field. ICT is widely used
in the medical field. Its common uses in the field relate to the following areas:

» Coordination and integration of care

« Patient data security

e Collect, track and report care activities

* Enhance communication and information flow across the continuum of care
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In this paper, the authors propose a conceptual architectural framework to implement
a Patient Care Management System (PCMS) to monitor and autonomously manage the
patient processes using the notion of “context awareness”. Context-aware systems are
highly adaptive systems that react to the ever-changing context by adjusting their
operations without the need for an explicit user intervention. PCMS exhibit the
properties of a typical context-aware system, therefore we incorporate such a system in
our proposal.

According to [1], context awareness in the field of health care can be conceptually
analyzed under four major areas: context acquisition via sensors and other sources,
context modelling, context reasoning, and finally, scenarios or use cases. Scenarios and
use cases emphasize the motivation for context awareness and at the same time helps
the development of rules for context reasoning and managing patient care processes.
To exemplify our proposal, we use a scenario-based approach based on the context data
obtained in health and patient care setting. Among the challenges in developing such a
system are the heterogeneous nature of the technologies required for data integration
and data collection, reliable communication and scalability. To develop an
interoperable system, it is essential to ensure standardization and integration of sensors
from different manufacturers, and the capability of handling different communication
protocols and transmission technologies. Security and privacy issues and challenges
directly affect users’ faith in the use of context-aware health data, and the quality and
accuracy of the context data are vital for the system’s functioning and adaption.
Development of new algorithms for context reasoning and data aggregation aim to
improve the precision of patient care monitoring processes.

Based on Gubert's et al. remarks [1], we reviewed our previous works [2-3] on
context-aware software architecture, and made the necessary changes in the four areas
of healthcare provision listed above. For this reason, we added a security layer to our
earlier model, and adapt our current model to the health care domain.

Human computer interaction and mobile computing are the traditional application
areas of context aware computing. In contrast, in this study, the primary methodology
is a process-oriented approach applied to the domain of patient health care. The
proposed system especially highlights the relationships among processes when
managing context rather than emphasizing context management according to the
individual user or system [4]. The context aware system supervises the progress of the
whole transaction as it moves through each patient care process. The features employed
in the system, essentially based on suggestions of Dey and Abowd [5], can be
summarized as follows: information and services are presented to a user, a service is
executed and context is linked to information for later retrieval. Therefore, the proposed
context aware system has the objective of providing services by exploiting the
information provided in the context, considering the needs of users or other entities in
the system. This objective can be best achieved using web services in service-oriented
architecture supported with context awareness, which combines the advantages of
flexibility and robustness of web services and context aware systems [6].
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A service-oriented methodology is proposed in the realization of the architecture.
The workflow and rule engines employed in the system provide their respective
functionality via web services. The workflow engine, guided by the rule engine,
coordinates the patient care processes. Decoupling the system components and using
web services between interfacing components supports flexibility and reusability.
Context acquisition, context management and the patient care rules are each
encapsulated in their respective layers, all of which have well defined boundaries.
Ontology, providing the most expressive model, is used for the context modeling.

The rest of the paper is organized as follows. Section 2 gives a review of other
context-aware based systems in various domains including health care. The technical
architecture and our extended design of the proposed context-aware Patient Care
Management System is presented in Section 3. Some open-source tools that could
potentially be used in the implementation of the system are also discussed in this
section. Section 4 gives a discussion of the Patient Care Management System using a
practical scenario/use case. Finally, Section 5 draws conclusions about the proposed
system.

2 Literature review

A principle that is common in many well-designed context-aware architectures the
separation of context acquisition and context use, which is achieved by layering the
system and assigning specific tasks to each layer. Data acquisition functions are
decoupled from the business logic, which, in turn, is decoupled from the user interface.
Layered architectures lead to creation of robust systems, and are very common in
developing context-aware systems. A well know and widely used paradigm - Model
View Controller (MVC) was developed using this layering principle. The context aware
system proposed in Rehman et al. [7] is based on MVC. Ailisto et al. [8] and many
others proposed a 5-layer conceptual architecture model with the layers in essence
having the following functions: physical, data acquisition, inference,
storage/management and application. Equally important is the choice of a flexible and
extensible context model for representing and storing context data. Choosing the
context model is paramount not only to the effective development and maintenance of
a context-aware application, but also to the processing and exchange of context by a
wide spectrum of components within or between applications. One result Strang and
Linnhoff-Popien’s [9] and Perttunen et al.’s [10] discussions of context modeling
approaches is the conclusion that ontology based models are the most expressive in
terms of simplicity, flexibility, and extensibility, while also being generic.

There exists Context-aware Architecture (CA) implementations in a diverse range
of application domains. Baldauf et al.’s [11] and Hong et al.’s [12] detailed review of
context-aware systems listed many domains of CA, which include smart environments,
decision support systems, communication systems, and tourism. Mobile computing
segment and agents (starting with handheld devices) played an important role from the
very beginning of context aware computing. Munodz et al. [13] described a hospital
environment using CA, whereas Abowd et al. [14] used a classroom setting and tourism
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to demonstrate the smart environment concept. The Hong et al. [12] study lists context-
aware applications in the areas of information, decision support, communication
systems and web services. Truong and Dustdar [15] surveyed several systems from the
web services arena, and Miraoui et al. [16], examined context aware architectures in
pervasive computing environments.

Examples of the use of CA architectures in health care domain can be found in
Hansen et al. [17], Salvi et al. [18] and Beckere et al. [19]. In their relatively early work,
Hansen et al. share their experience of using ubiquitous and pervasive computing
applications for hospital scheduling and awareness systems, including location
tracking, context awareness, mobile applications and interactive screens to ensure
hospital coordination. Salvi et al. provide a reference platform designed exclusively for
specific projects in medical disciplines in personalized healthcare systems,
demonstrating benefits for implementation in complex cardiovascular disease projects.
This study proposed the use of an event-based logic and contextual data software
platform, consisting of a data collection engine, a rules engine, a workflow engine, and
a GUI engine component. Beckere et al. provided home care IT solutions designed to
support the daily care and needs of individuals and their (in)formal caregivers. The
proposal aims to employ new IT solutions to support healthcare in general, especially
for the elderly and chronically ill. This involves the collection of data and contextual
information to provide contextual and personalized services and to help residents meet
their daily needs. The proposed platform is a semantic and data-driven platform that
uses ontologies and provides residents or caregivers with information and knowledge-
based services.

3 Technical architecture

A layered architectural style is planned in the realization of the PCMS. Each layer
performs a well-defined function and advertises its services through a public interface.
The main advantage of such architectures is that the layers are decoupled from each
other. Figure 1 below explains our layered architecture. The very bottom layer, the
Physical Layer, consists of a set of virtual and physical sensors such as temperature or
oxygen measuring devices for collecting patient related data. Virtual sensors are used
to obtain data using software services such as API calls or web services. The data
acquisition layer stores application and context data, user profile and rules in a database,
and retrieves context data from external sources using web services while aggregating
data from different atomic data sources into higher-level information; in other words,
this layer is responsible for data management. This data relates to patient care. Context
data is represented in Resource Description Framework (RDF) [20]. Coordination of
the processes are performed in the inference layer via workflow engine and, rule engine
makes deductions and inferences using the information stored in the database. It is
planned to use the freely available open source tools Jena, Drools and jBPM. The top
layer -presentation layer- represents the user interface and the navigational elements of
the system which users can use to interact with the system.
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Security is a critical aspect which covers the protection of patients’ and all other
stakeholders’ identity and medical information. A Security Context Layer is included
in the architecture, and the services of this layer are utilized by all other layers. Security
Context Layer includes a separate security mechanism for each layer. Security service,
policies and profiles must work cohesively and seamlessly with the other services of
the architecture. Security profiles will enforce the security policies in every aspect of
decision-making and reasoning activates. Physical layer security concerns the security
aspects of data providers. Data storage security issues are addressed by the Policy-based
Access Control Mechanism. Rule Management Authorization security component
manages rules, and determines who are allowed to change and add rules. The function
of this component is extremely important, as the rule engine will be guiding the
workflow engine operations. The Encryption and Decryption component has a similar
functionality to that found in the presentation layer of OSI network model; it uses
standard cryptography techniques when requested. Finally, the Policy-based Identity
and Access Management component enforces system users’ authentication and
authorization policies, such as defining roles with different authorization levels.
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Fig. 1. Context-Aware Architecture for the Patient Information Services.
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3.1 Context Model

For information to be valuable, it should be accurate, context relevant, accessible, and
in the appropriate format. Technological designs are needed to manage information in
a particular context, allowing health care stakeholders to perform effectively.
Therefore, it is important to define what is included in a context concerning health care
domain.

Dey [5] suggested a two-tier taxonomy for a general context classification and
classified context as primary or secondary. The primary context types are location
(where), identity (who), time (when) and activity (what) and these are marked as
being important. The other component of context information, i.e. secondary type, are
attributes of the primary types, and therefore each secondary context type can be
indexed to a primary type. Table 1 provides an illustrative list of attributes included in
context information for health care domain, and the sources of these attribute values.

Based on the definition by Dey [21], the content included in the context can vary. In
the case of personalized health care domain, context could include information such as
body temperature, pulse rate, oxygen saturation, time, or location. The accurate
specification of the contents of the health care domain context requires a model
sufficiently flexible, extensible, generic and rich to allow the easy definition and
manipulation of context data. Web Ontology Language (OWL) [22] was chosen to
model contextual data of patient care processes because it involves a formal
representation intended to be used for information processing by the applications, rather
than presentation to people. A formal notation allows formal reasoning techniques to
be applied a computing system. In addition to formality, ontology based context models
possess another desired property: extensibility [9,10, 23, 24]. Extensibility is of
particular importance for a domain such as the health care, which requires that the
addition of new context elements must be straightforward.

3.2 Context Interpretation and Inference

A Patient Care Management System (PCMS) is composed of several patient care
processes driven by a workflow engine that coordinates and oversees the progress of a
complete health care transaction. PCMS also has a set of rules expressed in some formal
notation and interpreted by a rules engine, which guides the workflow engine.
Workflow and rules engine work in coordination and exchange information between
each other and from/to external sources via web services. Workflow engine uses the
rules engine services before making a decision. In the web service model, the rules
engine acts like web service server, with the patient care process as the client. The
patient care process interacts with the rules engine using solicit-response port type. Web
services decouple the health care processing logic from actual data and the rules,
allowing the architecture the freedom and flexibility to make changes in the rules and
rules engine without affecting the patient care processes. RDF is used in representing
context data for easy processing. Figure 2 shows the interaction between the patient
care process and the rules engine.
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Table 1. Example Patient Context Data Classification.

Primary  Secondary Contextual Description Data
Context  Context Type source
Types (Attributes)

Activity Body 97.8°F (36.5°C) and 99°F (37.2°C) in healthy = Manuel,

temperature adults. sensor
If a COVID-19 patient gets 104°F (40°C) or
higher the patient has a 42% mortality rate.

Activity Pulserate  The pulse rate in adults ranges from 60 to 100 Manuel,
pbm. The average resting heart rate for adult sensor
men and women is between 70 and 75 bpm.

The pulse rate for COVID-19 patients is
abnormal and needs aid from an emergency
medical assistant.

Activity Oxygen A healthy oxygen saturation level ranges Manuel,

saturation  between 95% and 100%. sensor
If the oxygen saturation level of a COVID-19
patient is below 95%, the patient requires
emergency medical care.

Identity Medication Tests and drugs. Manuel,
Viral tests or serology tests for suspicious cases.  barcode
Compulsory drug tracing for non-hospitalized
COVID-19 adults.

Time Exercise Represents the physical activity of healthy Manuel,
adults. clock,
In mild cases of COVID-19, it is necessary to  sensor
limit access to public space. At home aerobic
activity, muscle-strengthening activity, bone-
strengthening activity is recommended at least
15-30 minutes.

Location Location Represents the location of patients or medical RFID,
devices. mobile

No location information is required for healthy
adults. However, a COVID-19 patient must not
be using public transportation. The location
information is reported to the patient monitoring
center. The patient can use public transportation
after discharge.
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Fig. 2. Web Service Interaction.

Workflow engine orchestrates the PCMS’s processes by creating tasks and dividing
them into subtasks, and the rules engine performs the computations, comparisons and
controls based on data. These two engines interact via a web service. Such a model has
the advantage of allowing for modifications on either side without affecting the other,
as long as the web service interface remain intact. For instance, when a new rule is
added, or a rule change is made, only the rules engine needs to be modified.
Occasionally, a new web service endpoint needs to be created.

The workflow engine sequences, schedules, routes, and monitors sub-tasks. The
workflow engine may alter the process route synchronously in two ways: Firstly, the
workflow engine may change the path after invoking a rule on the rules engine using
the web service. One such rule is shown in Figure 3 in which “temperature is
increasing” information is context dependent; a temperature increase to 40 degrees
has different effects on an infant and on an adult. Secondly, the workflow engine can
change the path after requesting a piece of context data (i.e., test result of a patient)
using another web service. Workflow engine can also alter the route in response to
events generated asynchronously. This may happen for two reasons, first, in response
to an event generated as a result of a piece of data acquired from context sources (i.e.,
abnormal temperature reading) and second, when the graphical user interface interacts
with the workflow engine to query the state of a process, and if necessary, alters the
flow. In either case, to change the path in its flow, or to start or terminate a task, the
workflow engine relies on the rules engine, which creates a deductive connection
between the patient care rules and the workflow engine. Figure 4 demonstrates how the
workflow and rules engine act as a controller, coordinating various components and
processes using web services. There are two major processes, which are further
decomposed into sub processes: administrative process deals with non-medical
activities, such as appointments, insurance, discharge etc., and treatment process
handles all medical related sub processes, such as lab testing processes, physical
therapy etc.

rule:

“TEMP010"”
when:

Patient temperature is increasing
then:

Ask for liquid intake

Send alarm to ohvsician

Fig. 3. An example rule.
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4 Discussion

Health care is an ideal domain to incorporate context awareness into health care
applications to aid health care professionals in health data management. In this paper,
we present a context-aware architecture for use in health care applications that is
intended to be adaptive to the particular context in which health care related processes
are executed. The proposal in this paper addresses the relationships and interactions
among processes. PCMS can be abstracted in two respects. The first abstraction defines
patient care processes and the other defines information processes. The former is driven
by the patient care rules, and the latter, by information technology. The patient care
process is further decomposed into treatment and administrative processes. Web
services allow decoupling of system entities whenever needed. For instance, patient
care processes which use workflows are decoupled from patient care rules, and context
data providers are decoupled from the rules engine. A context-aware Patient Care
Management System can monitor and alter the patient care process using the context
information, and the use of service-oriented architecture simplifies the integration and
unification of various departments within health care. In order to illustrate the
functioning and practical benefits of the system, we present a context-aware scenario
below. This scenario is overly simplified for explanatory purposes and demonstrates
how the proposed system would support a patient needing 24-hour monitoring.
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“Mr. Jones developed symptoms of severe chills, shortness of breath, and chest
pain. He was 63 years old when he was hospitalized with suspected COVID-19.
The test result came as, COVID-19 positive. It was important that he was
continuously monitored for physiological data and symptoms by physicians.
Doctors decided to monitor the patient's body temperature, pulse rate, and
oxygen saturation. At this point, Mr. Jones wants to make sure that his health data
is secure and confidential. The monitoring should involve as little patient contact
as possible, as there are high risks of viral exposure, infection, and transmission.
They also knew that they could receive the same health data remotely over the
mobile phone after Mr. Jones was discharged.”

This scenario shows the kind of context information that must be taken into account
by the PCMS. In this scenario, we employ the following primary context information:
Activity (Its attributes are body temperature, pulse rate and oxygen saturation). For
most patients, a temperature, pulse and oxygen reading slightly above the threshold
level may not be considered extremely alarming. However, if the patient’s context data
involves a COVID-19 positive test, as in our case, then these values must be interpreted
differently. Therefore, the processes dictated by the rules will work differently based
on the context. A context-aware patient care management system can monitor and alter
the treatment process using the context information for Mr. Jones. The system attaches
an RFID tag to Mr. Jones’ health conditions to inform PCMS that this information is
his, and sets the parameters to personalize his health care process. In this case we use
the primary context information Identity. The Security Context Layer enforces the
security and privacy of the context information. The system-defined policies determine
those who can access information, and which information. The flexibility of the system
allows other context information to be added. For instance, the scenario above can be
extended as follows:

“After discharge, Mr. Jones was given a compulsory medication and exercise
program to fulfill at home. Unfortunately, Mr. Jones, while taking his medications
on time and in correct dosage, neglects his exercises. He also needlessly uses
public transportation during the rush hour. In such a case, location information
is obtained from the mobile phone. This information is processed in the PCMS
under the security policy rules. In such a case, Mr. Jones’s location information
is obtained from the mobile phone and the local authorities take the required
emergency measures.”

This new situation can easily be incorporated by adding another piece of primary
context information Location and Time and their attributes into the context, namely,
the location, time of exercise and dose of the medication. In particular, the dose
information illustrates the true value of context awareness: the dose will be adjusted
according to the patient situation (i.e. context).

Internet of Medical Things (IoMT)-based health monitoring devices have great
potential for certain situations, such as for COVID-19 patients during the pandemic.
The most crucial measurements needed for critical care are body temperature, pulse
rate, and oxygen saturation. This use case provides an IoMT-based context-aware
patient care management system that monitors patient health in real-time using the
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following values, most likely measured by a mobile application: body temperatures,
pulse rates, and oxygen saturation in hospital, and/or in home.

5 Conclusion

This research paper proposes a conceptual architectural framework to help
implement a Patient Care Management System solution based on the principles of
context-aware computing and service-oriented architecture. In this architectural
framework, context acquisition is conducted through web services and ontology is used
for context modeling, because ontology is the most expressive context modeling
technique. A service-oriented architecture is advantageous as being straightforward to
integrate, and its ability to unify various patient care departments. It also allows the
convenient integration of PCMS into information technology infrastructure of
hospitals, clinics, laboratories or home-care services. Health care professionals such as
physicians and nurses, for instance, can easily access the records of a patients, whether
they are in intensive care or at home. The architecture also has provisions for protecting
patients’ context data. System defined policies enforce the rules that dictate who can
access particular aspects of data. As a future work, the authors are planning to
implement this infrastructure using open-source software, and deploy it in a real
environment.
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Etik ve Sorumluluk Ekseninde Otonom Cerrahi Robotlar

Murat Berat YILDIRIM', Filiz ISLEYEN', M. Mahir ULGU'

! Saglik Bakanlig1 Saglik Bilgi Sistemleri Genel Miidiirliigii, ANKARA 06800, TURKIYE
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Ozet. Gegmisten giiniimiize kadar cerrahi tekniklerde bir ¢ok gelisme yasannus
ve bugilin gelinen noktada cerrahi robotlar ameliyatlarda kullanilmaya
baglanmustir. Giiniimiizde popiiler olan robotlar genellikle otonom olmaktan
ziyade cerrahlarin komutlar1 veya ameliyatlardan dnce cerrahlarca yapilan plan-
lama dogrultusunda hareket edebilen robotlardir. Gelisen teknoloji ile beraber
yapay zeka teknolojilerinde de epeyce yol kat edildigi gbz Oniine alindiginda
gelecekte otonom cerrahi robotlarn  ortaya ¢ikabilme ihtimali epey
kuvvetlenmistir. Bu ihtimalin kuvvetlenmesi ise otonom cerrahi robotlarin ortaya
cikarabilecegi etik problemler ile s6z konusu robotlar dolayisiyla meydana gele-
bilecek zararlardaki sorumluluk hususlarini akillara getirmistir. Calismamizda,
otonom robotlarin kullanimu ile ortaya ¢ikabilecek etik problemlere deginilmis
ve cerrahi robotlarin ameliyatlarda kullanilmasi sirasinda ortaya c¢ikabilecek
olumsuzluklar bakimmdan hekimlerin, saglik tesislerinin ve robot iireticilerinin
sorumluluklar1 hakkinda bazi tespitler yapilmistir. Bu tespitlerin yapilmasinda
mer’i mevzuattaki hiikiimlerin kiyas yoluyla uygulanmasi yonteminden
yararlanilmigtir. Kiyas yoluyla yapilan cikarimlarimizin ise hukuki agidan
giiniimiizde otonom cerrahi robotlarin cerrahi operasyonlarda hekimlerin miida-
halesi olmaksizin kullanilmaya baslanmasi1 durumunda yetersiz kalacagi an-
lastilmistir. Gelecekte otonom cerrahi robotlarin ameliyatlarda kullanilmasinin
hukuki problemlere yol agmamas: i¢in teknik ve yasal olasi tiim senaryolarin
gozden gecirilerek yeni diizenlemeler yapilmasi gerektigi degerlendirilmistir.

Keywords: Yapay Zeka, Otonom Cerrahi Robot, Etik ve Sorumluluk.
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Autonomous Surgical Robots in Context of Ethics and
Legal Liabilty

Murat Berat YILDIRIM', Filiz ISLEYEN', M. Mahir ULGU'

! Ministry of Health General Directorate of Health Information Systems, ANKARA 06800,
TURKIYE
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Abstract. There have been many developments in surgical techniques from the
past to the present, and at the point reached today, surgical robots have started to
be used in surgeries. Today, the robots used operates in line with the commands
of'the surgeons or the planning made by the surgeons before the operations, rather
than being autonomous. Considering that with the developing technology and a
lot of progress has been made in artificial intelligence technologies, the possibil-
ity of using autonomous surgical robots in the future has increased significantly.
The strengthening of this possibility has brought to mind the ethical problems
that autonomous surgical robots may cause and the issues of legal liability for the
damages that may occur due to the robots in question. In our study, ethical prob-
lems that may arise with the use of autonomous robots are mentioned and offered
some solutions about the responsibilities of physicians, health facilities and robot
manufacturers in terms of the unintended consequences that may arise during the
use of surgical robots in surgery. In these solutions, the method of applying the
provisions of the current legislation by comparison was used. It has been under-
stood that our solutions made by comparison will be insufficient if autonomous
surgical robots are started to be used in surgical operations without the interven-
tion of physicians. Consequently, all possible technical and legal scenarios
should be taken into account and new regulations should be ratified so that the
use of autonomous surgical robots in the future does not cause legal problems.

Keywords: Artificial Intelligience, Autonomous Surgical Robot, Ethics and Le-
gal Liability.

1 Giris

Saglik sektoriinde dordiincii sanayi devrimi ile birlikte hizli teshis, tedavi ve miida-
hale kapasitesini arttiran dijital sistemlerin ve buna ek olarak yapay zeka algoritmalarini
temel alan makinelerin kullanilmasiyla, saglik profesyonellerinin ydnlendirilmesi,
yanlis teshisler ile tedavilerinin 6niine gecilmesine yardimei olacak uygulamalar hayata
gecirilmistir [1]. Bu gelismeler ile birlikte yapay zeka destekli robotlar da saglik
sektoriinde, ilag iiretimi, ilag deneyleri, lojistik, cerrahi, hasta tedavileri ve hasta bakimi
gibi cesitli alanlarda kullanilmaya baslanmistir [2].
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Tiirk Dil Kurumu SozIligi’nde algoritma “Orta Cagda ondalik sayt sistemine gore,
son zamanlarda ise iyi tamimlanmig kurallarin ve igslemlerin adim adim uygulanmasiyla
bir sorunun giderilmesi veya sonuca en hizli bigimde ulagilmasi islemi, Harezmi yolu.”
ifadeleri ile tanimlanmaktadir. Yapay zeka kisaca insan zekasinin yapabildigi islemleri
bilingten yoksun makinelerin ayni dogrulukta yapabilmesini saglayan algoritmalarin
biitiinii anlamima gelmektedir [3]. Mehmet Cem Ozmen, yapay zekd kavraminin
kullanimina iligkin yaptig1 bir arastirmada, kavramin ilk defa 1956 yilinda Yapay Zeka
Uzerine Dartmouth Yaz Arastirma Projesi Konferansi’nda John McCarthy tarafindan
kullanildigini belirtmistir [4].

Teknolojinin ilerlemesi ile gelisen yazilim alaniyla, algoritmalarin islevleri de
gelismis olup algoritmalar kendi optimizasyonunu saglayabilecek, kendilerini giin-
celleyip gelistirebilecek seviyelere gelmislerdir [4]. Makine 6grenmesi ve derin 6gren-
menin gelisimi sonucunda ise kendini optimize edebilen, gelistirebilen ve giincelleye-
bilen algoritmalarin sinirlar genislemis ve verilere erisebilen, verileri inceleyip analiz
edebilen, elde ettigi sonuclar ile kendi verimliligini artirabilen algoritmalar ortaya
cikmustir [4]. Makine 6grenmesi ise insan beyninin siirekli farkli girdilerle goriintiileri
tespit etmesi sonucu 6grenmesi ve bu farkli girdiler ile 6grendigi verileri diizeltmesini
ve siniflandirma yapabilme yetenegini 6rnek alan bir yontemdir [3]. Bu yontemlerin su
an i¢in tam otonom olmayan cerrahi robotlarda kullanilmas1 yoluyla gelecekte ortaya
yapay zeka algoritmalarini kullananan tam otonom cerrahi robotlarin ¢ikabilecegi
diisiiniilmektedir.

Calismamizda yapay zeka algoritmalarindan yararlanan cerrahi robotlarin saglik
alaninda kullanimu ile ilgili genel bilgiler verilmesinin ardindan otonom cerrahi robot-
lara deginilmistir. Bu ¢alismanin amaci ameliyatlarda otonom robot kullanimi ile ala-
kal1 hukuki sorumluluk ve etik bakis acisiyla degerlendirmelerde bulunmaktir.

2 Cerrahi Robotlarimin Gelisimi

Elle yapilan is anlamina gelen ameliyat ile aynm1 anlamda kullanilan “chirurgia”
sOzcliglinden tiiretilen cerrahi, bedensel goriiniig veya bedensel islevi incelemek, hasa-
talig1 tedavi etmek ya da dini-kiiltiirel vecibeleri yerine getirmek amaciyla bir takim
tekniklerin kullanilmasi araciligryla elle ve bazi aletlerle yapilan uygulamalari kapsa-
yan bir kavram olarak karsimiza ¢ikmaktadir [5]. Giiniimiize gelinceye kadar olan sii-
recteki cerrahi tekniklerin gelistirilmesinde, cerrahi operasyonlarin daha steril or-
tamlarda yapilmaya baslanmasi, minimal invaziv cerrahi uygulamalarin artmasi, ro-
botik teknolojilerin gelismesi gibi pek ¢ok dnemli degisimin yasandigi goriilmektedir
[5, 6, 7]. Burada belirtmek gerekir ki minimal invaziv cerrahinin kullanilmaya
baglanmasi robotik cerrahiye zemin hazirlayan bir asama olmustur ve boylelikle robot-
larin ameliyatlarda kullanilmasinin 6nii agilmustir [5, 8, 9]. Saglik alaninda kullanilan
robotlart; kisilerin saglik bakiminda destek saglayan robotlar ve cerrahi islemleri yapa-
bilen veya cerrahi islemler sirasinda cerrahlara yardimet olabilen robotlar olarak ikiye
ayirabilmek miimkiindiir [10].

Cerrahi robotlarin ameliyatlarda kullanilmasinin altinda, uzaktan miidahalehe ede-
bilme ve cerrahi islemi her seferinde tam ve hatasiz sekilde gergeklestirme gibi
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amaglara ulagsma gabasi yatmaktadir [5]. Bu amaglari gergeklestirmek lizere ¢esitli tip
dallarinda robotik cerrahi ile ilgili ¢aligmalar baglamistir. 1985 yilinda PUMA isimli
robot ile ilk cerrahi robot uygulamasi hayata gecirilmis ve boylelikle stabil, biiytitiilmiis
ve ¢ boyutlu goriintii kullanimiyla beraber hareket kabiliyetini artirma gibi olumlu
ozelliklere sahip olan bu robot sayesinde laparoskopik cerrahiye 6zgii birgok sinir or-
tadan kalkmustir [5, 9]. 1988 yilinda iirolojideki en eski robotik cerrahi prosediir
PROBOT tarafindan gergeklestirilmis olup 1990'larin basinda yeni nesil beyin cerrahisi
robotu Minerva tanitilmigtir [11]. Ortopedi ve travmatoloji cerrahisinde kullanilmak
tizere 1989 yilinda tasarlanan ve bu alanda 6ncii olan ROBODOC ise ilk olarak 1992
yilinda bir ameliyatta kullanilmigtir [12]. ROBODOC, cerrahin miidahalesine ameliyat
sirasinda ihtiya¢ duymamakla birlikte ameliyat oncesi hastanin anatomisine gore cer-
rahlarca yapilan planlama dogrultusunda kesileri gergeklestirebilen bir cerrahi robottur
[12]. 1998 yilina gelindiginde robotik cerrahi alaninda 6nemli bir yere sahip olan Da
Vinci ve ZEUS Robotik Cerrahi Sistemleri piyasaya siiriilmiis olup Da Vincinin
kullanildigr ilk robotik cerrahi prosediir ayn1 y1l Almanya’da gergeklestirilen bir kalp
bypass ameliyati olmustur [11, 13]. Son yillarda robotik sistemlerde hizla gelisen yapay
zeka teknolojilerinin de kullanilmasiyla beraber de 2011 yilinda geleneksel robotlarin
aksine 15-20 dakika icinde basit islemleri kodlamaya dahi ihtiya¢ duymadan kendi
bagina 6grenip yapabilen Baxter gibi bir robot ortaya ¢ikmistir [12, 14, 15]. 2019 yilina
gelindiginde Corpath GRX robotuyla 32 kilometre &teden bir ameliyat
gerceklestirilmesi bu robotlarin uzaktan ameliyatlarda da ne kadar iglevsel olabilecegini
gostermistir [16]. 2022 yilinda ise asagida hakkinda daha detayl bilgi verilecek olan
STAR isimli cerrahi robot, domuzlar {izerinde neredeyse tam otonom olarak bir bagir-
sak ameliyati gerceklestirmistir.

3 Cerrahi Robotlarin Avantaj ve Dezavantajlar

Yasamda her seyde dualite oldugu gibi otonom olsun olmasin robotlarin cerrahide
kullanilmasinda da avantaj ve dezavantajli durumlar bulunmaktadir.

Yapay zeka teknolojileri kullanan cerrahi robotlar ile artik ameliyatlar, uzaktan
erisimli olarak gerceklestirilebilecek ve ameliyati gergeklestirecek olan cerrahin
yasinin ilerlemesi sebebiyle ellerinin titremesi gibi dezavantajlarin 6nemi olmadan cer-
rahi operasyonlar yapilabilecektir [4]. Bunlarla beraber yapay zeka algortimalari, yiiz
binlerce vakayla egitildiginde ya da 6grenme yaptiginda en yetkin uzmandan bile daha
yetkin olabilmektedir [3, 17].

Ameliyatlarda yapay zeka destekli robotlarin kullanilmasindaki avantajlar; tekrar-
lanabilirlik, kararlilik, yiiksek dogruluk orani, iyonlastirici radyasyona kargi muka-
vametli olma, belirli ortamlar i¢in optimize edilebilme ve insanlara oranla mekéansal el
ve goz doniisiimlerinin daha kolay saglanmasi olarak siralanabilir [11]. Burada 6rnek
olarak Da Vinci Cerrahi Sistemi’nin, yiiksek riskli ve zor olarak kabul edilen ameli-
yatlarda insana bagli el titremesi gibi dezavantajlari azaltmasi ve insan elinin
ulasamadig1 bolgelere ulagilmasina imkan saglamasi sebebiyle ameliyatlarin daha hizlt
ve hastaya daha az zarar verilerek gerceklestirilebilmesi verilebilir [10, 18].

14. Tp Bilisimi Kongresi Bildiriler Kitabi
Proceedings of 14th Turkish Congress of Medical Informatics
16-18 Mart 2023 / 16-18 March 2023

316



Yapay zeka teknolojilerinin gelismesinin, artik cerrahi alaninin da tamamen robotik
cerrahi olarak degismesine yol agtig1 ve cerrahlarin degil de robotlarin ameliyat
yapacagi algisinin yanlig oldugu yoniinde bir goriis de bulunmaktadir [19]. Bu goriise
gore yapay zeka algoritmalari kullanilarak olusturulan robotlar, cerrahlarin fiziksel ve
zihinsel yorgunluklarini azaltarak ameliyatlarin yiiksek hassasiyetle ve en alt seviyede
hasarla tamamlamalarini saglayan asistanlar olup bu asistanlar ancak karar verici olan
ve ameliyatlar1 yoneten cerrahlarin birer enstiirimanidir [19]. Bu bakis acisiyla
giiniimiizde ve gelecekte cerrahi robotlarin sadece cerrahlara yardimct olmak igin
kullanilacagi diisiincesi hekimlerde robotlara karsi bir dnyargi olusmasinin dniine gece-
bilir.

Cerrahi robotlarin dezavantajlarina bakildiginda ise; pahali, biiyiik ve hantal olma-
lar1, nitel bilgileri isleyememeleri ve ¢ok yonlii olmamalari ile hala gelisme asamasinda
olmalar hususlar siralanabilir [11]. Ayrica robotlarin tibbi birer cihaz oldugu gergegin-
den hareketle; ameliyat sirasinda mekanik olarak arizalanabilecekleri, sadece kendiler-
ine Ogretilen bilgiler ile islem yaptiklari i¢in bilmedikleri bir durumda dogru islemi
secemeyebilecekleri, dokunma gibi ¢ok 6nemli bir hisse sahip olmamalar1 veya ¢ok
yonli diistinemedikleri igin hedefe kilitlendiklerinde yollariin degistirilemeyecegi gibi
hususlar da bu robotlarin dezavantaji olarak sayilabilir.

4 Otonom Robotlar

Otonomi, 6zerklik ile ilgili bir kavram olup robotlar yoniinden otonomi ise robotun
varolus amact dogrultusunda yerine getirdigi gorevlerin tamamini ya da bir kismini,
akilli bir sistem destegi ile miidahalesiz bir sekilde gerceklestirmesi olarak tanimlana-
bilir [20]. Robotlarin otonomisi, robotun isi yaparken insan miidahalesine ne kadar ih-
tiyag duyacagina gore degisiklik gostermekte olup Parasuraman ve arkadaslari tarafin-
dan yapilmis olan bir otonomi derecelendirme skalasi bulunmaktadir [20, 21, 22]. Bu
skalanin birinci seviyesi, Da Vinci robotu gibi tiim kararlarin insan tarafindan verildigi
ve tiim isin de insan tarafindan yapildig: sistemleri; onuncu seviyesi ise insant tamamen
goz ardi ederek biitiin kararlarin sistem tarafindan verildigi ve biitiin isin de sistem
tarafindan yapildig1 robotlari ifade etmektedir. Ancak s6z konusu skalanin besinci se-
viyesi olan insanin, sistemin verdigi dneriyi onaylamasi sonucu sistemin isi yaptig1 se-
viye, cerrahi robotlar agisindan tam otonom denilebilecek bir seviye olarak kabul edile-
bilir.

Glinlimiize kadar yukarida da ifade edildigi tizere bir ¢ok cerrahi robot cerrahlarin
gozetiminde veya cerrahlarca kullanilmistir. Ancak Amerika’da bulunan Ulusal Cocuk
T1p Merkezi’nde gelistirilmis olan STAR isimli robot, canli domuzun bagirsaklarinda
meydana gelen iki yarig1 tespit edip dikerek yumusak doku iizerinde doktorlarin miida-
halesi olmadan operasyon gergeklestiren ilk cerrahi robot olmustur [23]. Her ne kadar
bazi noktalarda doktorlar kii¢iik dokunuslar ile robota yardimci olsa da STAR robotu
operasyonu kendi algoritmasini kullanarak tamamlamig ve attig1 dikisler bir cerrahin
attig1 dikisler kadar basarili olmustur [23]. Robotun eksikliklerine bakilacak olursa yine
de hi¢ miidahale olmaksizin ameliyati tamamlayamamis ve operasyonu bir cerraha gore
ii¢ kat daha yavag tamamlayabilmistir [23].

14. Tp Bilisimi Kongresi Bildiriler Kitabi
Proceedings of 14th Turkish Congress of Medical Informatics
16-18 Mart 2023 / 16-18 March 2023

317



4.1 Konunun Etik Tarafi

Yapay zeka temelli otonom cerrahi robotlar ile cerrahlarin ve hastalarin bir cok verisi
islenebilip goriintelenebilecegi igin saglik hizmetlerinin sunumu sirasindaki veri
paylasimi Slcegi ciddi manada biiyliyecek ve hasta mahremiyetinin hatta saglik
profesyonellerinin dahi mahremiyetinin zedelenme ihtimali artabilecektir [24, 3]. Bu
teknolojilerin kullanilmasi sirasinda insanlarin hatta 6grenebilen makinelerin diger in-
sanlarin ahlaki degerlerine zarar vermemesi gerekliligi de etik agisindan 6nemli bir hu-
sustur [3, 25].

Otonom robotlar tarafindan gercgeklestirilen cerrahi islemlerin basarisinin yiiksek
olmas1 halinde s6z konusu robotlar ile yapilacak islemlerin ilk etapta normal cerrahi
islemlere gore daha maliyetli olacagi diisiiniildiiginde bu durumun saglik hizmeti
aliminda esitsizlige neden olabilecegi degerlendirilmektedir [3, 26]. Yukarida da belir-
tildigi ilizere halihazirda yapay zeka teknolojilerinin pahali teknolojiler olmasi sadece
fertler lizerinde degil gelismemis veya geligmekte olan iilkelerin ekonomik durumlari
sebebiyle uluslararasi manada da saglik alaninda daha fazla esitsizlige neden
olabilecektir [27].

Etik ilkelerden biri olan zarar vermeme ve yarar saglama ilkesi, yapay zeka tabanli
cerrahi robotlara Ogretilebilecek dahi olsa, robotun kodlamalarinda yapilabilecek
degisiklikler ya da robotun yanlis 6grenmesi ile meydana gelebilecek hatalar sonucu
zarar verebilen cerrahi robotlarin ortaya ¢ikabilme ihtimali de bulunmaktadir [27, 28].
Bu sekilde hatalarin meydana geldigi cerrahi robotlarin yapacagi yanlis tibbi uygula-
malarin; insanlarda ciddi hasarlara yol agabilegi, bu yolla meydana gelen zararlarin ise
tam olarak tazmininin miimkiin olamayacag1 ve sorumlulugun tespit edilmesinin zor
olmasi sebepleriyle insanlarin magduriyetine yol agabilecegi diisiiniilmektedir.

4.2 Sorumluluk Hususu

Cerrahi robotlarin ameliyatlarda kullanilmas1 sirasinda ortaya ¢ikabilecek
olumsuzluklarda hekimin, saglik tesisinin ve treticinin farkli hukuki sorumluluklar
bulunmaktadir.

Hekimin sorumlulugunda; oncelikle hekimin kendisine tedavi olmak amaciyla
bagvuran hastaya en uygun tedavi yontemini segmek ve uygulamakla yiikiimli oldugu
unutulmamalidir. Bununla birlikte gerek uluslararasi anlamda iilkemizin de taraf
oldugu “Biyoloji ve Tibbin Uygulanmasi1 Bakimindan Insan Haklar1 ve insan Hay-
siyetinin Korunmasi Sézlesmesi: insan Haklar1 ve Biyotip Sézlesmesi’nin 5 nci mad-
desi kapsaminda gerek iilkemizde uygulanan mevzuat kapsaminda' hastalarin tedavil-
erine yonelik aydinlatilmasi ve hastadan aydinlatilmis onam alinmasi yiikiimliiliikleri
de yerine getirilmelidir. Kanaatimizce hastadan riza alinmasi hususundaki diizen-
lemelere uyulmasi, hekimlerin segecegi tedavi konusunda kendilerini koruyucu bir
Onlem olarak kargsimiza ¢ikmaktadir. Zira hasta, hekim yerine tam otonom bir robotun

! Konu ile alakali olarak mevzuatimizda yer alan baslica hiikiimlere bakildiginda, Anayasa-
mizin 17’nci maddesi, Medeni Kanunumuzun 24’iincli maddesi, Tababet Ve Suabati San'at-
larinin Tarz1 Icrasma Dair Kanun’un 70°nci maddesi ve Hasta Haklar1 Yénetmeligi’nin 5°nci,
15°nci, 22’nci, 24’ ncii maddeleri sayilabilir.
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ameliyatin1 yapmasina onay verirse, robottan kaynaklanan olumsuz bir durumda sadece
hekim sorumlu tutulamayacaktir. Ancak burada hekimin sorumlulugunun azaltilmasi
i¢in alinan onamin kapsami ve alinig sekli ile hastanin gergekten dogru, anlagilir ve agik
bir sekilde bilgilendirilmesi sonucunda riza verip vermedigi hususlarinin incelenmesi
gerekecektir. Buna ek olarak tam otonom bir cerrahi robotun ameliyat yapmasina has-
tanin onay vermesi durumunda bile hekimin 6zen yiikiimliiliigii kapsaminda yagana-
bilecek herhangi bir olumsuzluga karsin miidahaleye hazirlikli olmas: beklenmelidir.
Burada 6zen yiikiimliiliigiinden, hekimin ve hastanenin yalnizca gerekli gordiigii hal-
lerde cerrahi robot kullanimin tercih etmesi, hekimin ameliyat boyunca robotun islem
yaparken arizalanmasi ihtimaline kars1 ameliyati gozlemlemesi ve gerekli durumlarda
miidahale etmesi ile hastaya cerrahi robot kullanilmamasi durumunda yapilabilecek te-
davinin se¢imlik olarak sunulmasi anlasilmalidir.

Saglik tesisinin sorumlulugu incelenirken; oncelikle saglik tesisinin 6zel veya
kamuya bagli olmasi durumuna gére konu iki farkli agidan ele alinmalidir. Eger otonom
robot kullanimi nedeniyle sorun yasayan hasta 6zel bir saglik tesisine bagvurmussa,
hekim hastane adina tedavi siirecini yiriittiigli icin Tirk Borglar Kanununa gore
yardimer kisi konumunda olacak ve sorumluluk saglik tesisinde olacaktir. Buradaki
saglik tesisi bir kamu hastanesi ise, hasta zararinin tazmini i¢in hekimi veya saglik per-
sonelini dogrudan dava edemeyecek ancak kamu hastanesinin bagli bulundugu devlet
kurumuna kars1 dava acabilecektir [29]. Ayrica saglik tesisi tam otonom cerrahi robotun
amaca uygun hizmet verip vermediginden emin olmalidir. Bu kapsamda saglik tesisi
tarafindan liretici ile yapilan s6zlesme hiikiimleri de belirleyici olacaktir.

Ureticinin sorumluluguna bakildiginda tartisilmas: gereken bir diger husus, hukuki
uyusmazliga sebep olan olayin tamamen cerrahi robottan kaynaklanmasi durumudur.
Boliim basgligimizdan da anlagilacagi iizere tam otonom robotlarin gergeklestirecegi
cerrahi operasyonlar sonucunda ortaya g¢ikabilecek zararlar ile alakali sorumluluk bu
eksende incelenmelidir. inceleme yapilirken halihazirda kullanilan ve tam otonom ol-
mayan cerrahi robotlar ile ilgili ortaya ¢ikmis olan goriisler kiyasen otonom cerrahi
robotlar yoniinden yeniden degerlendirilmeye ¢aligilacaktir.

Burada oncelikle cerrahi robotlarin hukukumuzdaki su anki durumunu incelemek
gerekecektir. Hukukumuzda cerrahi robotlarin bir iiriin oldugunu kabul eden bizim de
katildigimiz bir goriis bulunmaktadir [30]. Otonom cerrahi robotlar i¢in de durumun
bdyle olacagi ve bu robotlarin birer iiriin olarak kabul edilecegi degerlendirilmektedir.

Her ne kadar yapay zeka teknolojileri ile 6grenebilen ve kendi kararini verebilen
robotlardan s6z etsek dahi burada robotlarin kisiliginden bahsetmek kanaatimizce
miimkiin olmayacaktir. Bunun baglica sebebi s6z konusu robotlarin hukukumuza gore
bir kisiliginin bulunmamasidir ¢link{i hukukumuzda kisilik tam ve sag dogum ile kaza-
nilmaktadir. Bu sebeple cerrahi robotlar birer iiriin olarak kabul edildiginde, robot kul-
lanimi nedeni ile meydana gelebilecek zararlarin 7223 sayili Uriin Giivenligi ve Teknik
Diizenlemeler Kanunu kapsaminda degerlendirilmesi gerekecektir. Boylece cerrahi ro-
botlarin ayipli olmasi ya da istenilen islemi geregi gibi ifa edememesi durumlarinda
robot iireticisinin iiriin sorumlulugu giindeme gelecektir [20, 31, 30]. Ancak burada tam
otonom cerrahi robot kullanimi sirasinda bir zararin ortaya ¢ikmast durumunda saglik
hizmetlerinin sunumu yoniinden tehlike sorumlulugu, adam ¢aligtiranin sorumlulugu
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ve idarenin kusursuz sorumlulugu yoniinden de bir degerlendirilme yapmak gerekmek-
tedir.

Tiirk Borglar Kanunu’nun 66’nc1 maddesinde diizenlenmis olan adam ¢alistiranin
sorumlulugu kapsaminda konuya bakilacak olursa otonom cerrahi robotlarin bir kisili-
ginin olmamasi ve bu sebeple calisan kabul edilemeyecekleri igin bu tip sorumluluga
gidilmesi miimkiin goziikmemektedir. Bu hilkmiin uygulama alani bulmasi halinde
adam ¢alistiranin yani bu durumda hastanenin, 6zen ytikiimliliigiini yerine getirmesi
durumunda sorumlu tutulamamasi ciddi problemlere yol agabilecektir. Ayrica s6z ko-
nusu madde kapsaminda hastanenin zarar veren ¢aligana riicu etme imkani da bulun-
mayacaktir.

Tiirk Borglar Kanunu’nun 71°nci maddesinde yer alan tehlike sorumlulugu kapsa-
minda konu degerlendirilecek olursa, cerrahi robot kullanimi sirasinda ortaya ¢ikabile-
cek zararin tehlike sorumlulugu kapsamina girip girmeyecegi ile ilgili olarak doktrinde
hastane yoniinden tipik bir tehlike olmamasi sebebiyle bu hilkkmiin uygulanamayacagi
dogrultusunda bir goriis bulunmaktadir [20]. Tabi ki bu goriis su anda kullanilan ve tam
otonom olmayan cerrahi robotlar ile ilgilidir. Ancak tam otonom robotlarin ameliyat
yapmaya baglamasi ve bunun yayginlagmasi sonucu saglik hizmetinde tipik bir faaliyet
haline gelmesiyle birlikte tehlike sorumlulugu ile ilgili hiikkiimler de fikrimizce burada
uygulama alan1 bulabilecektir. Bunun sebebi cerrahi robotlarn dogurabilecegi
zararlarin, uzman Kkisilerin yani s6z konusu durumda hekimlerin kendilerinden
beklenen 6zeni gosterdigi durumlarda dahi, ¢ok ciddi boyutlarda yasanabilecegi
fikridir.

Genel olarak idare hukuku y6niinden ise yapay zeka dolayisiyla otonom robotlar ile
alakali hususlarin diizenlenmesinde, kullanilan yapay zekanin tiirii, otonomisi, islevi ve
etkilesimi gibi birgok parametrenin gdz oniinde tutulmasi gerekecektir [32]. Otonom
cerrahi robotlardan kaynaklanip idarenin hukuksal bir iliskisi kapsaminda ortaya ¢ika-
bilecek zararlarda, yapay zekanin kullanim alani buldugu otonom cerrahi robotlarin
yaptigi islemlerdeki zararin nereden kaynaklandigi hususundaki ispat gii¢liigii nede-
niyle burada kanaatimizce idarenin kusursuz sorumlulugunun kabul edilmesinin uygun
olacagi degerlendirilmektedir. Bu sekilde saglik hizmeti alan ve veren kisilerin hem
istedigi islemi segmede hem de segilen islemi uygulamada daha 6zgiir olacag: diisiintil-
mektedir.

Son olarak Ceza Hukuku baglaminda sorumluluga bakilacak olursa, ceza sorumlu-
lugunun sahsi bir sorumluluk olmasi, yapay zekanin bir kisiliginin olmamasi ve ceza-
landirilmasimin miimkiin olmamasi sebepleriyle yapay zekaya boyle bir sorumluluk at-
fedilemeyecektir. Nitekim Avrupa Parlamentosu Hukuk Isleri Komisyonu tarafindan
otonom robotlar, Robotikler Hakkinda Medeni Hukuk Kurallar1 Tavsiye Raporu’nda
birer kisi olarak kabul edilip sonrasinda ise ortaya ¢ikabilecek problemler sebebi ile bu
goristen vazgecilmistir [20, 33]. Gereken durumlarda her olay i¢in ayri ayri ceza so-
rumlulugunun kimde oldugunun tespitinin gerekecegi degerlendirilmektedir.
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5 Tartisma ve Sonug¢

Saglik alaninda kullanilmaya baslanilan yapay zeka teknolojileri cerrahi alanini da
etkilemis ve otonomi seviyesi giderek artan cerrahi robotlarin kulanimina yol agmustir.
Ulkemizdeki tibbi cihazlar ise T.C. Saglik Bakanlig1 Uriin Takip Sisteminde (UTS)
kayit altina alinmaktadir. Bu sistemde {iriin adinda “robot” ifadesi aratildiginda “Ro-
botik Tlag Hazirlama Seti”, “Robotik Kol Ekartor Govdesi”, “Robotik DeBakey Bull-
dog Uygulama Klembi” ve “Robotik Cerceve Baglant1 Kiti” olmak iizere dort adet
sonugla karsilasilmaktadir. Ayni sistemde iirin adinda “Da Vinci” aramasi yapildiginda
ise cerrahide kullanilan bu robotlar icin gelistirilmis ¢esitli parcalar ile karsilagilmak-
tadir [34]. Bu sonuglar arasinda otonom bir robot bulunmamaktadir. Heniiz UTS i¢inde
bile taniml1 olmayan otonom robotlarin yakin gelecekte en azindan bizim iilkemizde
gerceklestirilen ameliyatlarda kullanilmayacagi  diisiiniilebilir ancak bilisim
teknolojilerinin biiyiik bir hizla artan gelisimi bize bu zamanin ¢ok da ileride olma-
yacagini gostermektedir.

Dezavantajlarinin yaninda otonom cerrahi robotlarin kullanilmasi; ameliyati yapan
cerrahin yaslanmasi, yorulmasi, ellerinin titremesi gibi hususlarin 6nemini azaltip cer-
rahi operasyonlarin bu etmenlerden etkilenmeden gerceklestirilebilmesini saglayarak
deneyimli cerrahlarin bilgilerinden daha uzun siire istifade edilebilmesinin Oniinii
acabilecektir [10]. Ancak s6z konusu robotlarin ameliyatlarda kullaniminin etik tarafi
ve robot kullanim1 sebebiyle ameliyatlarda ortaya ¢ikabilecek zararlardan hukuki an-
lamda kimin sorumlu olacag1 husususlari hala iizerinde ¢ok tartigilan konulardir.

Ozellikle incelememizin merkezinde yer alan tam otonom cerrahi robotlarin saglik
hizmetine dahil olmastyla ve kendi kendine 6grenebilen tam otonom cerrahi robotlarin
gelecekte kullanilabilecegi diisiiniildiigiinde, konu hakkindaki yukarida aciklanan
hukuki diizenlemelerin kiyasen uygulanmasinin yeterli olmayacag: diisiniilmektedir.
Burada pozitif hukukumuzda iireticinin gelisim riski ile alakali zararlardan sorumlu ol-
mamast ve {ireticinin dahi sorumlu olmadig1 bir ortamda cerrahi robotlarin meydana
getirebilecegi zararlardan hastane veya hekimin sorumlu tutulmasimin gii¢ olmasi
sebebiyle zarardan etkilenen hastanin kime basvuracaginin belirsiz hale gelmesi gibi
durumlarin ortaya ¢ikabilme ihtimali bir drnek olarak gosterilebilir [10].

Sonug olarak hukuki agidan degerlendirildiginde, sorumluluk hususunda 6ncelikle
konunun netlesmesi ve taraflar ile sorumluluk tiiriiniin belirlenmesi biiyiik 6nem arz
etmektedir. Bir robotun cerrahi bir operasyonda kullanilmasina karar verilmeden dnce
teknik ve yasal olast tiim senaryolar gézden gegirilmelidir. Robotun iireticisinden,
yazilimcisina, kullanicisindan, kullanildigi hastane idaresine, kullanilmasina karar
verecek olan hekimden bu robotlar tarafindan ameliyat edilecek olacak hastalara kadar
stirece dahil olan herkesin hukuki sorumlulugu konusunda hala mevzuatta bosluklar
bulunmaktadir. Kiyasen uygulanan hiikiimler de yukarida agiklanan bazi durumlarda
uygulama alan1 bulamadigi igin su an igin yetersiz goziikmektedir. Bu sebeplerle sayet
otonom cerrahi robotlar dnlimiizdeki siiregte kullanim alani1 bulacaksa 6ncelikle mev-
zuattaki bosluklar doldurulmali ve 6zellikle sorumluluk hususu net olarak belirlen-
melidir.

14. Tp Bilisimi Kongresi Bildiriler Kitabi
Proceedings of 14th Turkish Congress of Medical Informatics
16-18 Mart 2023 / 16-18 March 2023

321



References

10.

11.

12.

13.

Sahin, D.: Endiistri 4.0 Uygulamalarinin Saghk Kurumlarinda insan
Kaynaklar1 Yonetimine Etkilerinin Degerlendirilmesi. Uluslararasi
Saglik Yonetimi ve Stratejileri Arastirma Dergisi, 7(5), 142-155 (2021).

Dogan Merih, Y., Ertlirk, N., Yemenici, M., Satman, N.: Evde Saglik
Hizmetlerinde Teknoloji Kullanimi. Tiirkiye Saglik Enstitiileri
Baskanlig1 Dergisi, 76-89 (2021).

Maden, H.: Dis Hekimligi Klinik Uygulamalarinda Dijital
Teknolojilerin Yeri,
http://nek.istanbul.edu.tr:4444/ekos/TEZ/DHFK414ET.pdf, last
accessed 13/01/2023.

OZGUR, S.: Algoritmalar, Yapay Zeka, Makine Ogrenmesi, Derin
Ogrenme ve Uygulamalar:: Beseri Fayda Uretiminin Yazilimlar
Tarafindan Karsilanmasi. Ekonomi ve Yonetim Arastirmalart Dergisi,
10(1), 1-28 (2021).

Aygin, D., Gil, A.: Geg¢misten Giiniimiize Cerrahi ve Cerrahi
Hemsireliginin Yeri. Istanbul Gelisim Universitesi Saglik Bilimleri
Dergisi, (15), 692-704 (2021).

Marescaux, J., Diana, M.: Inventing the future of surgery. World Journal
of Surgery, 39(3), 615-622 (2015).

Ullah, S., Ali, F.S., Liu, B.R.: Advancing flexible endoscopy to natural
orifice transluminal endoscopic surgery. Curr Opin Gastroenterol,
37(5), 470-477 (2021).

Peters, B.S., Armija, P.R., Krause, C., Choudhury, S.A., Oleynikov, D.:

Review of emerging surgical robotic technology. Surgical Endoscopy,
32(4), 1636-1655 (2018).

Ghezzi, T.L., Corleta, O.C.: 30 years of robotic surgery. World Journal
of Surgery, 40(10), 2550-2557 (2016).

KILIC, T.: Akilli Saglik Ekosistemi ve Giincel Uygulama Ornekleri.
Sakarya Universitesi Bilim Dergisi, 9(3), 543-564 (2021).

Giizel, K.: Cerrahi Bilimlerde Inovatif Yaklagimlar. ksad Yayinevi,
Ankara (2021).

Yildiz, C., Celebi, L.: Gorintiisiiz Robotik Kol Yardimli Diz
Artroplastisi. TOTBID Dergisi, 21(1), 68-81 (2022).

Pugin, F., Butcher P., Morel P.: History of robotic surgery: from AESOP
and ZEUS to da Vinci. Journal of Visceral Surgery, 5(148), e3-e8
(2011).

14. Tp Bilisimi Kongresi Bildiriler Kitabi
Proceedings of 14th Turkish Congress of Medical Informatics
16-18 Mart 2023 / 16-18 March 2023

322



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Takacs, A., Naggy, D.A., Ruday, 1.J., Haidegger T.: Origins of surgical
robotics: from space to the operating room. Acta Polytechnica
Hungarica, 13(1),13-30 (2016).

Chen, A.F., Kazarian, G.S., Jessop, G.W., Makhdor, A.: Robotic
technology in orthopaedic surgery. The Journak of Bone Joint Surggery,
100(22), 1984-1992 (2018).

Sahin, Y.E. : JURNAL.IST, https://www.gzt.com/jurnalist/hindistanda-
32-km-mesafede-uzaktan-ameliyat-gerceklestirildi-3511771., last
accessed 17/1/2023.

Bouletreau, P. , Makaremi, M., Ibrahim B., Louvrier, A., Sigaux, N.:
Artificial Intelligence: Applications in orthognathic surgery. Journal of
Stomatology Oral and Maxillofacial Surgery, 120(4), 347-354 (2019).

Intel, https://www.intel.com/content/www/us/en/healthcare-it/robotics-
in-healthcare.html., last accessed 6/1/2023.

Onder, T.: Cerrahi Tip Bilimleri Tan1 ve Tedavi. Livre de Lyon, Lyon
France (2021).

Koyuncu Aktas, N.: Hekim ve Hastanenin Cerrahi Robot Kullaniminin
Hastaya Verdigi Zarardan Sorumlulugu. Selcuk Universitesi Hukuk
Fakiiltesi Dergisi, 29(3), 1693-1737 (2021).

Gordon, C., Lutz, T.: Haftung fiir automatisierte Entscheindungen-
Herausforderungen In Der Praxis. Swiss Review of Business and
Financial Market Law, (1), 53-61 (2020).

Parasuraman, R., Sheridan, T.B., Wickens, C.D.: A Model For Types
And Level Of Human Interection With Automation. IEEE Transactions
on Systems, Man, and Cybernetics - Part A: Systems and Humans ,
30(3), 286-297 (2000).

Diinya Halleri, https://www.dunyahalleri.com/robot-cerrah-star-ilk-
ameliyatini-yapti/. , last accessed 06/01/2023.

Char, D.S., Shah, N.H., Mahnus, D.: Implementing Machine Learning
in Health Care — Addressing Ethical Challenges. The New England
Journal of Medicine, 378(11), 981-983 (2018).

Keskinbora, K.H.: Medical ethics considerations on artificial
intelligence. Journal of clinical neuroscience, 64, 277-282 (2019).

Fiske, A., Henningsen, P., Buyz, A.: Your robot therapist will see you
now: ethical implications of embodied artificial intelligence in
psychiatry, psychology and psychotherapy. Journal of medical Internet
research, 21(5), €13216 (2019).

Ozdemir, L., Bilgin, A.: Saglikta Yapay Zekanm Kullammi ve Etik
Sorunlar. Saglik ve Hemsirelik Y&netimi Dergisi, 8(3), 439-445 (2021).

14. Tp Bilisimi Kongresi Bildiriler Kitabi
Proceedings of 14th Turkish Congress of Medical Informatics
16-18 Mart 2023 / 16-18 March 2023

323


https://www.gzt.com/jurnalist/hindistanda-32-km-mesafede-uzaktan-ameliyat-gerceklestirildi-3511771
https://www.gzt.com/jurnalist/hindistanda-32-km-mesafede-uzaktan-ameliyat-gerceklestirildi-3511771
https://www.intel.com/content/www/us/en/healthcare-it/robotics-in-healthcare.html
https://www.intel.com/content/www/us/en/healthcare-it/robotics-in-healthcare.html

28.

29.

30.

31.

32.

33.

34.

Burton, E., Goldsmith, J., Koenig, S., Kuipers, B., Mattei, N., Walsh,
T.: Ethical considerations in artificial intelligence courses. Al
Magazine, 38(2), 22-34 (2017).

Degdas, U. C.: Hatali Tibbi Uygulamadan (Malpraktis) Dogan Hukuki
Ve Cezai Sorumluluk. Anadolu Universitesi Hukuk Fakiiltesi Dergisi,
4(6), 41-65 (2018).

Parlak Borii, S.: Robotik Cerrahi Miidahalelerden Dogan Hukuki
Sorumluluk. inénii Universitesi Hukuk Fakiiltesi Dergisi, 10(2), 758-
775 (2019).

Yiice, M.B.: Hasta Hekim Iligkisinde Yapay Zeka Kullanim1 ve Hukuki
Sonuglar, 7. Tiiketici Hukuku Kongresi, Aristo Yaymevi, Istanbul
(2018).

Akburakgi, N.F.: Yapay Zekanin Idarenin Takdir Yetkisi ve Karar Alma
Mekanizmalarina Etkisi. idare Hukuku ve flimleri Dergisi, 1(20), 73-84
(2021).

Akkurt, S.S.: Yapay Zekanin Otonom Davranislarindan Kaynaklanan
Hukuki Sorumluluk. Uyusmazlik Mahkemesi Dergisi, 7(13), 39-59
(2019).

T.C. Saglik Bakanligy,

https://utsuygulama.saglik.gov.tr/UTS/vatandas#/vatTibbiCihazListele,
last accessed 10/01/2023.

14. Tp Bilisimi Kongresi Bildiriler Kitabi
Proceedings of 14th Turkish Congress of Medical Informatics
16-18 Mart 2023 / 16-18 March 2023

324


https://utsuygulama.saglik.gov.tr/UTS/vatandas#/vatTibbiCihazListele

Evaluation Of E-Nabiz System Within The Scope Of
Personal Data Protection Law

Bilgenur KARA', M. Mahir ULGU, Filiz ISLEYEN1!

"Ministry of Health General Directorate of Health Information Systems, ANKARA 06800,
TURKIYE
nurbilgekara@gmail.com

Abstract. The advancements in information technologies have also an impact on the health
sector and administrations. Along with the developing technologies, many systems have
been established by the administrations. One of them, called e-Nabiz, is a platform that
compiles all of the personal health records of its users. Due to quick processing, simple
access and transfer of personal data, the right to privacy is in danger. This increase in the
means to store and share personal data have led to the need for protection of personal data.
The e-Nabiz personal health record system also processes personal health information with
a higher level of privacy that, if learned, could lead to discrimination. In this regard, the
Ministry of Health has obligations to fulfill as a data controller within the scope of Personal
Data Protection Law in the processing of personal health data, and it is essential to fulfill
these obligations in order to protect the right to privacy. The primary objectives of Personal
Data Protection Law are to prevent the unauthorized storage of data and to ensure that all
operations on data are legalized. Our study aims to evaluate these obligations of the Min-
istry of Health within the scope of Personal Data Protection Law regarding the e-Nabiz
System.

Keywords: e-Nabiz, Data Protection Law, Heath Records
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E-Nabiz Sisteminin Veri Koruma Hukuku Acisindan
Incelenmesi

Bilgenur KARA'!, M. Mahir ULGU", Filiz ISLEYEN!

! Saglik Bakanlig1 Saglik Bilgi Sistemleri Genel Miidiirliigii, ANKARA 06800, TURKIYE
nurbilgekara@gmail.com

Ozet. Bilisim teknolojilerinde yasanan gelismelerden saglik sektorii ve idareler de etkilen-
mistir. Geligen teknolojilerle beraber idarelerce birgok sistem gelistirilmistir. Bunlardan
biri olan e-Nabiz, vatandaslarin tiim saglik kayitlarini tek bir platformda toplayan kisisel
saglik kaydi sistemidir. Gelisen teknolojiler ile birlikte, kisilere ait bilgilerin depolanmasi
ve paylagilmasi imkaninin artmasi ve kolaylagsmasi gliniimiizde kisisel verilerin korunmast
ihtiyacin1 dogurmustur. Bunun en biiyiik sebebi gelisen teknolojilerle veriye kolay erisil-
mesi ve verinin hizli islenerek aktarilabilmesi nedeniyle mahremiyet hakkinin tehlike
altinda olmasidir. e-Nabiz Kisisel Saglik Kayd: Sistemi’nde, 6grenilmesi halinde kisinin
ayrimciliga ugramasina neden olabilecek ve mahremiyet diizeyi daha yiiksek olan kisisel
saglik verileri de islenmektedir. Bu dogrultuda, kisisel saglik verilerinin iglenme
siireclerinde Saglik Bakanliginin veri koruma hukuku kapsaminda veri sorumlusu olarak
yerine getirmesi gereken ylikiimliiliikleri bulunmakta olup mahremiyet hakkinin korun-
masi i¢in bu ylikiimliiliiklerin yerine getirilmesi son derece elzemdir. Veri koruma huku-
kunun temel amaci verilerin hukuka aykirt olarak kaydedilmesini 6nlemek ve veriler tize-
rinde gergeklestirilen biitiin islemlerin hukuka uygun hale getirilmesini saglamaktir. Bu
caligmanin amaci e-Nabiz sisteminin veri koruma hukuku agisindan Saglik Bakanliginin
yiikiimliiliikleri kapsaminda incelenmesidir.

Anahtar Kelimeler: e-Nabiz, Veri Koruma Hukuku, Saglik Kayitlar

1 Giris

Insan varolus siireci boyunca mahremiyete ihtiyag duymustur. Insanm, kisiliginin
gelismesi ve benliginin olugmasi igin gerekli olan mahremiyet perdesi dijitallesen dii-
nyada yavas yavas ortadan kaybolmakta, mahremiyet sadece varligina inanmak istedi-
gimiz bir kavram olarak karsimiza ¢ikmaktadir. Gelisen teknolojilerle veriye kolay
erigilmesi, verinin paylagilmasi ve veri tizerinde gergeklestirilen tiim iglemlerin ¢ok ra-
hat bir sekilde yiiriitiilmesi mahremiyet hakkinin tehlikede oldugunu agik¢a goézler
ontine sermektedir.

Kisinin kimligine, iletisim bilgilerine, irkina, etnik kdkenine, saglik, egitim, is duru-
muna iliskin veriler gibi kisiyle baglantili olabilecek tiim verileri kisisel veri olarak
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kabul edilir [1]. Ozel nitelikli kisisel veri ise kisilerin irki, etnik kokeni, siyasi
disiincesi, felsefi inanci, dini, mezhebi veya diger inanglari, kilik ve kiyafeti, dernek,
vakif ya da sendika iiyeligi, sagligi, cinsel hayati, ceza mahkimiyeti ve giivenlik ted-
birleriyle ilgili verileri ile biyometrik ve genetik verileridir. Ozel nitelikli veri ayriminin
yapilmasinin temel nedeni bu verilerin 6grenilmesi halinde, kisileri ayrimciliga maruz
birakabilecek tiirde olmalarindan kaynaklanmaktadir. Kisisel saglik verileri 6zel niteli-
kli kisisel veri kategorisinde bulunmakta olup mahremiyet diizeyi yiiksek verilerden
olmasina binaen korunmasi 6nem arz etmektedir.

Bilgi ve iletisim teknolojilerinin gelismesiyle kisisel saglik verileri elektronik or-
tamda kaydedilmeye ve kullanilmaya baslanmis olup e-Nabiz Kisisel Saglik Kaydi Sis-
temi (e-Nabiz Sistemi) teknolojinin pozitif gelisimlerinden biri olarak bu kapsamda
kisisel verileri kaydederek saglik hizmeti sunumuna kolaylik saglayan bir sistem olarak
kargimiza ¢ikmaktadir.

Bu ¢aligmanin amaci e-Nabiz Sistemi’nin veri koruma hukuku agisindan Saglik Ba-
kanliginin yiikiimliliikleri kapsaminda incelenmesidir. Bu ¢alismada dncelikle e-Nabiz
Sistemi agiklanarak devaminda yasal diizenlemeler kapsaminda Saglik Bakanligiin
saglik kayitlarmi tutma yiikiimliiligii anlatilarak Saglik Bakanliginin veri koruma
hukuku kapsaminda yiikiimliliikleri incelenmistir.

2 e-Nabiz Kisisel Saghk Kaydi Sistemi

e-Nabiz Sistemi, Saglik Bakanligi tarafindan “vatandagslarin tiim saglik kayitlarini tek
bir platformada toplayan, zaman ve mekandan bagimsiz olarak kolay, hizli ve giivenilir
sekilde vatandaslarin erisimine ve kontroliine sunan, ayrica Ingilizce dil secenegi olan
kisisel saglk kayd sistemi” olarak tanimlanmistir [2].

Bu kapsamda e-Nabiz Sistemi, kisilerin ve saglik profesyonellerinin, saglik hizmeti
sunan kurum ve kuruluslardan alinan kisisel saglik verilerine internet araciligryla mobil
cihazlardan 7/24 ulasabilecekleri bir sistemdir. Buna ek olarak kisilerin kendi muayene,
tetkik ve tedavi sonuglari ile tim saglik bilgilerine erisip yonetme imkaninin
bulundugu, saglik bilgilerinin gegmisine erigebildigi, kisinin sahsen izin vererek siire
ve sinirint ¢izdigi yetki cergevesinde verilerine saglik profesyonellerinin erisim imkan
veren, teshis ve tedavi hizmetlerinin kalitesini yiikselten ve kisilerin giivenli sekilde
kullanabildigi, 2015 yilinda kullanima alinan kisisel saglik kaydi sistemidir [3].

2023 Ocak ay1 itibart ile profil sayis1 69.009.452 kisi olan e-Nabiz Sistemi ile kisiler
hastaneye giris anindan itibaren yapilan tiim islemleri ve her tiirli ayrintili saglik
gecmisine cep telefonlarindan, tabletlerinden ve kigisel bilgisayarlarindan istedigi anda
erisebilmekte ve erismis oldugu kisisel saglik verilerini istegi dogrultusunda istedigi
stire boyunca ilgili hekim ve/veya yakinlari ile paylasabilmektedir.
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3 Saghk Bakanh@inin Gorev ve Yetkileri ile Saghk Kayitlarinin
Tutulmasi Acisindan e-Nabiz Sistemi

e-Nabiz Sistemi’nin hukuki dayanaklarina bakildiginda Saglik Hizmetleri Temel Ka-
nunu ve 1 sayili Cumhurbagkanligi Teskilatt Hakkinda Cumhurbagkanligi Kararnamesi
kapsaminda verilen gorev ve yetkilere istinaden olusturuldugu goriilmektedir. '

e-Nabiz Sistemi’nin saglik kayitlarinin dogru ve giincel tutulabilmesi agisindan son
derece onemli oldugu goriildiigiinden devletin, saglik kayitlari1 tutma yiikiim-
luliigliniin yasal dayanaklar1 agagida incelenmistir.

3.1 Anayasa

Anayasa’nin 5’inci maddesinde “Devletin temel amag ve gérevleri, Tiirk milletinin
bagimsizligini ve biitiinliigiinii, iilkenin boliinmezligini, Cumhuriyeti ve demokrasiyi
korumak, kisilerin ve toplumun refah, huzur ve mutlulugunu saglamak; kisinin temel
hak ve hiirriyetlerini, sosyal hukuk devleti ve adalet ilkeleriyle bagdasmayacak surette
smirlayan siyasal, ekonomik ve sosyal engelleri kaldirmaya, insanin maddi ve manevi
varliginin gelismesi icin gerekli sartlart hazirlamaya ¢alismaktir. ” hitkmi, 17°nci mad-
desinin birinci fikrasinda “Herkes, yasama, maddi ve manevi varligini koruma ve
gelistirme hakkina sahiptir.” hilkkmii, 56’nc1 maddesinin ti¢lincii fikrasinda “Devlet,
herkesin hayatini, beden ve ruh saghgi icinde siirdiirmesini saglamak; insan ve madde
giiciinde tasarruf ve verimi artirarak, isbirligini gerceklestirmek amaciyla saghk ku-
ruluglarint tek elden planlayip hizmet vermesini diizenler.” hitkmii ile dordiincii
fikrasinda “Devlet, bu gérevini kamu ve ozel kesimlerdeki saglik ve sosyal kurumlarin-
dan yararlanarak, onlari denetleyerek yerine getirir.” hitkmii bulunmaktadir.

Anilan hiikiimler dogrultusunda devletin kisilerin maddi ve manevi varliginin
geligmesi i¢in gerekli sartlar1 saglamasi, herkesin hayatini, beden ve ruh saglig: iginde
siirdiirmesinin saglanmasi ile sosyal devlet anlayisina uygun hareket etme
yiikiimliiliiklerini yerine getirmesi gerekmektedir.

3.2  Saghk Hizmetleri Temel Kanunu

3359 sayili Saglik Hizmetleri Temel Kanunu saglik hizmetleri ile ilgili temel esaslari
diizenlemektedir. Kanun’un “Temel esaslar” kenar baslikli 3’iincii maddesinin (f)
bendinde “Herkesin saglk durumunun takip edilebilmesi ve saglik hizmetlerinin daha
etkin ve hizli sekilde yiiriitiilmesi maksadiyla, Saghk Bakanligi ve bagh kuruluslarinca
gerekli kayit ve bildirim sistemi kurulur. Bu sistem, e-Devlet uygulamalarina uygun
olarak elektronik ortamda da olusturulabilir. Bu amagla, Saglik Bakanhginca, bagh
kuruluslar: da kapsayacak sekilde iilke ¢apinda bilisim sistemi kurulabilir.” hikmii
bulunmaktadir.

Ayn1 Kanun’un Ek 11’inci maddesinin {igiincii fikrasinda “Bakanlik¢a belirlenen
kayitlart uygun sekilde tutmayan veya bildirim zorunlulugunu yerine getirmeyen saglik

I Konu ile alakali mevzuatimiz Saglik Hizmetleri Temel Kanunu’nun 3’{incii maddesinin (f)

bendi, (j) bendi ve 1 sayili Cumhurbagkanligi Kararnamesinin 352°nci, 355’inci, 357 nci,
358’inci maddesi ile 361’inci maddesidir.
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kurum ve kuruluslart iki defa uyarilir. Uyariya uymayanlara bir énceki aya ait briit
hizmet gelirinin yiizde biri kadar idari para cezast verilir.” hikkmii bulunmaktadir.

33 Tababet ve Suabati Sanatlarinin Tarzi icrasina Dair Kanun

Tababet ve Suabati Sanatlarinin Tarzi Icrasma Dair Kanun’un 72°nci maddesinde
“Icray1 sanat eden tabipler, dis tabipleri, dis¢iler ve ebeler numunesi vechile Sithhiye
ve Muaveneti Ictimaiye Vekaleti tarafindan tertip ve mahalli sthhiye memurlarinca mu-
saddak, hastalarin isim ve hiiviyetlerini kayda mahsus bir protokol defteri tutmaga
mecburdurlar.” hilkkmii bulunmaktadir.

3.4  Aile Hekimligi Kanunu

Aile Hekimligi Kanunu’nun 5’inci maddesinde “Aile hekimlerinin sahst kayitlari ilgili
il ve ilge saghk idare birimlerinde tutulur. Aile hekimlerinin kullandigi basili veya el-
ektronik ortamda tutulan kayitlar, kisilerin saglik dosyalari ile raporlar, sevk belgesi
ve regete gibi belgeler resmi kayit ve evrak niteligindedir. Bu kayit ve belgeler, hekimin
ayrilmasi veya kiginin hekim degistirmesi halinde eksiksiz olarak devredilir. Ilgili mev-
zuatta birinci basamak saglik kuruluslar: ve resmi tabiplerce diizenlenmesi ongoriilen
her tiirlii rapor, sevk evraki, regete ve sair belgeler, aile hekimligi uygulamasina
gecilen yerlerde aile hekimleri tarafindan diizenlenir. ” hitkkmii bulunmaktadir.

3.5 R adyoloji, Radiyom ve Elektrikle Tedavi ve Diger Fizyoterapi
Miiesseseleri Hakkinda Kanun

Radyoloji Radiyom ve Elektrikle Tedavi ve Diger Fizyoterapi Miiesseseleri Hakkinda
Kanun’un 5’inci maddesinde “Rontgen ve radiyom ve elektrikle tedavi miiesseselerinde
buraya kabul edilen hastalar: kayda mahsus ve Sthhat ve I¢timai Muavenet Vekaletince
hazirlanan drneklere uygun protokol defterleri tutulmast mecburidir.” hikkmi bulun-
maktadir.

3.6  Ozel Hastaneler Yonetmeligi

Ozel Hastaneler Yonetmeligi’nin 49’uncu maddesinde “Ozel hastaneler tarafindan
kayit altina alinan kisisel saghk verileri, 6698 sayili Kisisel Verilerin Korunmasi
Kanunu ve ikincil diizenlemelere uygun bir sekilde Bakanlik¢a belirlenen usul ve
esaslar ¢ercevesinde merkezi saglk veri sistemine aktarilir ve iglenir. Bakanlik tarafin-
dan kurulan kayit ve bildirim sistemine ve Bakanlik¢a yapilacak diger is ve iglemlere
esas olmak itizere, istenilen bilgi ve belgelerin Bakanliga gonderilmesi zorunludur.”
hiikkmii bulunmaktadir.

3.7 Aile Hekimligi Uygulama Yo6netmeligi

Aile Hekimligi Uygulama Yo6netmeligi’nin 4’tincii maddesinde aile hekimlerinin “ver-
digi hizmetlerle ilgili olarak saghk kayitlarint tutma ve gerekli bildirimleri yapma”
yiktimliiliigl yer almaktadir.
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3.8 Kisisel Saghk Verileri Hakkinda Yonetmelik

Kisisel Saglik Verileri Hakkinda Yonetmelik’in 5’inci maddesinin ikinci fikrasinda
“Herkesin saghk durumunun takip edilebilmesi ve saglik hizmetlerinin daha etkin ve
hizly sekilde yiiriitiilmesi maksaduyla, Bakanlik ile bagli ve ilgili kuruluslarinca gerekli
kayit ve bildirim sistemi kurulur. Bu sistem, e-Devlet uygulamalarina uygun olarak el-
ektronik ortamda da olusturulabilir. Bu amagla Bakanlik tarafindan, bagh ve ilgili ku-
ruluglart da kapsayacak sekilde iilke ¢apinda bilisim sistemleri kurulabilir.” hitkmii
bulunmaktadir.

Anilan Yénetmelik’in 11’inci maddesinin ikinci fikrasinda “Olmiis bir kimsenin
saglik verileri, en az 20 y1l siire ile saklanwr.” hilkmii bulunmaktadir.

3.9 Hasta Haklar1 Yonetmeligi

Hasta Haklar1 Yonetmeligi’nin 16’nct maddesinde “Hasta, saglik durumu ile ilgili bilg-
iler bulunan dosyayi ve kayitlar, dogrudan veya vekili veya kanuni temsilcisi vasitast
ile inceleyebilir ve bir suretini alabilir. Bu kayitlar, sadece hastanin tedavisi ile dogru-
dan ilgili olanlar tarafindan gériilebilir.” hiikmii bulunmaktadir.

Ayrica anilan Yonetmeligin 42°nci maddesinde “Hastamin ve hasta ile ilgili
bulunanlarin, hasta haklarmin ihlali halinde, mevzuat c¢ergevesinde her tiirlii
miiracaat, sikdyet ve dava haklart vardwr.” hikmii, 43’linci maddesinde “Hasta
haklarmn ihlali halinde, personeli istihdam eden kurum ve kurulus aleyhine maddi
veya manevi veyahut hem maddi ve hem de manevi tazminat davasi agilabilir.” hitkkmii
bulunmaktadir.

Anilan hiikiimler uyarinca her hastanin miiracaat, sikayet ve dava hakki bulunmakta
olup hastalarin miiracaat, sikdyet ve dava haklarini ve saglik hizmeti sunumunda yer
alan tiim paydaslarin savunma haklarini kullanabilmeleri i¢in tibbi kayitlarin dogru ve
eksiksiz bir sekilde tutulmasi gerekmektedir.?

Anilan diizenlemeler dogrultusunda saglik kayitlarinin tutulmasi, Saglik Ba-
kanliginin bir ylikiimliiliigiidiir. e-Nabiz Sistemi de bu yiikiimliiliigiin yerine getirilme-
sinde kullanish bir sistemdir.

4 Saghk Bakanhginin Veri Koruma ve Bilgi Giivenligi Siirecleri

6698 sayil1 Kisisel Verilerin Korunmast Kanunu kapsaminda veri sorumlusu sifatini
haiz Saglik Bakanliginin bu ¢alismanin konusu olan veri koruma hukuku bakimindan
yasal diizenlemeler kapsaminda yiikiimliliiklerine bakildiginda; anilan Kanun
kapsaminda basta Kanun’un genel ilkelerine uyumlu hareket etmesi gerekmektedir.
Devaminda Saglik Bakanliginin kisisel verilerin hukuka aykir1 olarak islenmesini ve
erisilmesini dnlemek ile bu verilerin muhafazasini saglamak amaciyla uygun giivenlik
diizeyini temin etmeye yonelik her tiirlii teknik ve idari tedbiri alma yiikiimliiligi

2 Konu hakkinda Anayasa Mahkemesinin 2016/125 esas sayili ve 2017/143 karar sayili

28.09.2017 tarihli karar1 emsal kararlara 6rnek olarak gosterilebilir.
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oldugu goriilmektedir. Bu dogrultuda veri sorumlusunun aydinlatma yiikiimliligi,
ilgili kisiye haklarmi kullandirma yikimliligi, veri gilivenligine iliskin
yiiktimliiliikler, veri sorumlular siciline kayit yiikiimliliigi, kisisel verilerin silinmesi,
yok edilmesi veya anonim hale getirilmesi hakkinda yiikiimliilikleri bulunmaktadir.

Aydinlatma yiikiimliiligi hususunda; Saghik Bakanligi Saglik Bilgi Sistemleri
Genel Miudiirliigiiniin Kisisel Saglik Verileri web sayfasinda bulunan “e-Nabiz Ay-
dinlatma Metni” incelendiginde veri sorumlusunun kimliginin, kisisel verilerin
aktariminin, kisisel verilerin toplanmasi yontemi ve hukuki sebebinin, ilgili kisilerin
haklar1 ve veri sorumlusuna bagvuru ile kisisel verilerin kategorik olarak ilgili katego-
ride bulunan kisisel verilerin islenme amaglariyla beraber belirtildigi goriilmektedir [4].
e-Nabiz Mobil Uygulamasi igerisinde ve e-Nabiz Sistemi web sayfasinda da ilgili met-
nin bulundugu gorilmektedir.

Ilgili kisinin haklarini kullandirma yiikiimliiliigii kapsaminda, aydinlatma metni
igerisinde ilgili kiginin veri sorumlusuna bagvuru usuliiniin belirtildigi, Saglik Bilgi Sis-
temleri Genel Miidiirligiiniin Kisisel Saglik Verileri web sayfasinda “Veri
Sorumlusuna Bagvuru” sekmesinde bu sistemin heniiz tasarim asamasinda oldugu ve
sistem tamamlandiginda vatandaslarin e-Devlet iizerinden kimlik dogrulamas: yapil-
masi suretiyle de bu hakkin kullanilabilecegi belirtilmistir [5].

Veri giivenligine iligkin ylikiimliiliikler hususunda, Saglik Bilgi Sistemleri Genel
Miidirligiiniin Bilgi Giivenligi web sayfasinda (https://bilg-
iguvenligi.saglik.gov.tr/Home/Mevzuat) “Saglik Bakanlig1 Bilgi Giivenligi Politikalar1
Yoénergesi”, “Saglik Bakanlhigi Saglik Bilgi Sistemleri Genel Miidiirliigii iz Kayitlari
Yonergesi” ve “Saglik Bakanligi Saglik Bilgi Sistemleri Genel Midiirligii Bilgi
Giivenligi Politikalar1 Kilavuzu (Kilavuz)” bulunmaktadir. Bilgi Giivenligi Yoner-
gesi’nin amacina bakildiginda “Bilginin islenmesi siire¢lerinde bilgi giivenliginin
saglanmasina yonelik tedbir almak, bilginin bilginin gizlilik, biitiinliik ve erisilebilirlik
kapsaminda degerlendirilerek igeriden veya disaridan kasith ya da kazayla
olusabilecek tiim tehditlerden korunmasini saglamak; yiiriitiilen faaliyetlerin etkin,
dogru, hizli ve giivenli olarak gerceklestirilmesinde bilgi giivenligi agisindan uyulmasi
gereken usul ve esaslart belirlemek” olarak karsimiza gikmaktadir [6]. Iz Kayitlari
Yonergesi'nin ise “Saglik Bilgi Sistemleri Genel Miidiirliigii tarafindan isletilen ve
bilgi istemleri iizerinde gergeklestirilen is ve islemlerde iiretilen iz kayitlarimin sak-
lanma siire ve kogullarini belirlemek” amaciyla yayimlandigi goriillmektedir.

Kilavuz’da, gelisen teknolojiler karsisinda bilgi giivenliginin saglanmasina yonelik
ihtiyaclarin artmasina istinaden ISO/IEC 27001 Bilgi Giivenligi Yo6netim Sistemi
standardina uygun olarak giivenlik Onlemlerinin belirlendigi, “siber giivenlik” ve
“kigisel verilerin korunmasi” hususlarinin 6nemi vurgulanarak siber giivenlik ve siber
olaylara miidahale ile ilgili hususlarin igleyisinin “Kurumsal Siber Olaylara Miidahale
Ekibi (SOME) Kurulum ve Yonetim Rehberi” ile diizenlendigi, kisisel veriler hu-
susunda kisisel saglik verilerinin iglenmesi ve korunmasina iliskin yasal diizenlemeler
g6z Oniine alinarak kilavuza aktarildigi ve iist yonetimin tiim siiregleri etkili sekilde
destekledigi belirtilmistir [7].

Kilavuz’un 6.10.2. basliginda e-Nabiz Sistemi, “Merkezi veri kayit sistemi iizerinde
toplanan saglik verilerine vatandagslarin ve saglik profesyonellerinin internet ve mobil
cihazlar iizerinden erisebildikleri uygulamadir.” olarak tanimlanmis olup sisteme
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erigsim detayli olarak agiklanmistir [7]. Bu kisimda ve e-Nabiz web sayfasinda ortak
olarak deginilen ilk husus; e-Nabiz’a https://enabiz.gov.tr/ adresinden, e-Devlet kapist
(https://www.turkiye.gov.tr/) iizerinden veya e-Nabiz Mobil Uygulamasi’nin kisilerin
telefonuna yiiklenmesi ile kolayca erisim saglanabilecegidir. Ikinci ise ilgili kisilerin e-
Nabiz Sistemi’nde “Giivenlik” sekmesindeki paylasim segeneklerinden kisisel saglik
verilerini kimlerin goriintiileyebilecegini belirleyebilmesidir.

Kilavuz’un 12.1. bashiginda her tiirlii bilgi giivenligi ihlal olaylarinin https://bilg-
iguvenligi.saglik.gov.tr/ adresinde yer alan merkezi ihlal bildirim sistemine bild-
irilecegi ve bu siireclerde SOME tarafindan ¢oziilebilecek durumlarda miidahale
yapilacag: belirtilmistir [7]. Bilgi giivenligi kapsaminda SOME’nin varliginin siber
olaylarin yiiriitiilmesi siireglerinde 6nemli oldugu diisiiniilmektedir.

Hasta takip ve poliklinik ekranlarinda bulunan bilgiler i¢in ilgili kisinin e-Nabiz Sis-
temi iizerinden talebiyle bu ekranlarda bulunan kisisel verilerine maskeleme isleminin
yapilmas1 (Orn: Bi** Ka**) ve e-Nabiz Sistemi’ne iki asamal giris seceneginin sunul-
masinin giivenlik bagliginda 6nemli bir yer edindigi diistiniilmektedir.

Son olarak kisisel verilerin silinmesi, yok edilmesi veya anonim hale getirilmesi hu-
susunda; 6698 say1li Kisisel Verilerin Korunmasi Kanunu kapsaminda veri sorumlusu-
nun yiikiimliliiklerinden biri de kisisel veriler hukuka uygun olarak islenmis olsa dahi
islenme sebebinin ortadan kalkmasi halinde, resen veya ilgili kisinin talebi {izerine bu
verilerin silinmesi, yok edilmesi veya anonim hale getirilmesidir [8]. Konu hakkinda
Saglik Bakanligi Saglik Bilgi Sistemleri Genel Midiirliigi Kisisel Saglik Verileri web
sayfasinda “Saglik Verilerinin Silinmesine Iliskin Talepler” bashiginda basta e-Nabiz
Sistemi olmak iizere Bakanliga bu konuda basvurularin geldigi ifade edilmektedir [9].
Bagvurulara istinaden Bakanligin Kisisel Verilerin Korunmasi Kanunu’nun 6’nct mad-
desinin {i¢ilincii fikras1 geregince saglik verilerini isleyebildigi, islemeyi gerektiren se-
bepler ortadan kalkmaksizin ilgili verilerin silinmesinin talep edilme imkaninin olma-
dig1, Kisisel Saglik Verileri Hakkinda Yonetmelik’in 13’iincii maddesi kapsaminda
sehven konulan tanilar i¢in her zaman islem yapilacagi belirtilmistir [9]. Yine bu konu
hakkinda Kisisel Verileri Koruma Kurumuna yapilan sikdyet bagvurulari sonucunda
Kisisel Verileri Koruma Kurulunun “Gegmis saglik verilerinin diizeltilmesine/silin-
mesine yonelik sikayetler hakkinda 06/02/2020 tarihli ve 2020/93 sayili Karar
Ozeti”nde Saglik Bakanlig1 lehine karar verildigi de ifade edilmistir.

Anilan Karar ozetinde; ““kamu saghguin korunmasi, koruyucu hekimlik, tibbi
teshis, tedavi ve bakim hizmetlerinin yiiriitiilmesi, saglk hizmetleri ve finansmaninin
planlanmast ve yonetimi” sartimin ortadan kalkmamasi sebebiyle kaydedilen saglik
verilerinin bu amaca hizmet ettigi dikkate alindiginda bu verilerin Saglik Bakanlig:
tarafindan Kanunun 6 nci maddesinin iigiincii fikrast kapsaminda islendigi ve soz ko-
nusu isleme sartlarinin ortadan kalkmamasi nedeniyle Kanun kapsaminda yapilacak
bir iglem olmadigina (...) " karar verildigi gorilmektedir [10].

5 Sonuc¢

Insan varolugsal siirecini tamamlayabilmesi i¢in mahremiyete ihtiyag duymaktadir. An-
cak insanin var oldugu her yerde merak olgusu da beraberinde gelmektedir. Devletlerin
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ortaya ¢ikmasindan giiniimiize kadar gecen siirede merak duygusunun yerini baz1 gere-
ksinimlerle beraber kisilerin bilgilerine erisme ihtiyacina biraktigini1 gormekteyiz. Dijit-
allesme siire¢leri ve gelisen teknolojiler kiiresel anlamda dikkatli ve 6zenli davranilma-
mas1 halinde artik kolayliklaerisim saglanabilen bilgi i¢in mahremiyet ihlallerine sebe-
biyet verebilmektedir.

Melvin Kranzberg’in “Teknoloji ne iyi ne de kétiidiir, ne de tarafsizdwr.” soziiyle
devam etmek gerekirse, teknoloji artik hayatin bir geregi ve temel unsuru olarak bakilan
perspektifte, dogru kullanimi neticesinde topluma pozitif bir destegi de olabilmektedir.

Geligen teknolojilerin saglik sektoriinii etkilemesi son derece olagan ve beklenen bir
durumdur. Ana rahmine diistiigiimiiz andan yasamin son buldugu an’a kadar sagliga,
saglikli olmaya ihtiya¢ duyariz. Bu ihtiyag ayni zamanda kisinin bedenini ve en mah-
rem oldugu diisiiniilen tiim hususlar1 bir bagkasina/bagkalarina agmasina sebebiyet
vermektedir. Bu sebeple saglik hizmetinin biiyiikk bir 6zen ve gizlilik igerisinde
gerceklestirilmesi gerekir.

Anayasal bir hak olan saglik hakkinin devlet tarafindan sunulmasi ve gelistirilmesi
oldukca 6nemlidir. Geligen teknolojiler kapsaminda saglik hizmeti sunumunda siklikla
kullanilan ve 6zellikle ge¢cmis saglik verilerine erisim hususunda kolaylik saglayan e-
Nabiz Sistemi, kullanici sayisinin e-Devlet’e ¢ok yakin oldugu gz oniine alindiginda
O6nemi ortaya ¢ikan bir sistemdir. Bu sistemin yasal diizenlemelere uygun olmasi ve
ilgili kisilerin mahremiyetinin korunmasi veri sorumlusu sifatin1 haiz Saglik Bakan-
liginin yiikiimliliigiindedir. Bu ¢alismada e-Nabiz Sistemi ile siurlt olarak Saglik
Bakanliginin veri koruma hukuku bakimindan yiikiimliilikkleri ve bu kapsamda yaptigi
is ve islemler degerlendirilmistir.

Sonug olarak; veri koruma hukuku kapsaminda, Saglik Bakanligi tarafindan e-Nabiz
Sistemi’nde aydinlatma ylikiimliliigi, ilgili kisiye haklarini kullandirma yiikiimliligi,
veri giivenligine iliskin yiikiimliilikler, veri sorumlular: siciline kayit yiikimliliigi,
kisisel verilerin silinmesi, yok edilmesi veya anonim hale getirilmesi yiikiimliiliikler-
inin bulundugu ve bunlarin tamaminin yerine getirildigi goriilmektedir.
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Abstract. Artificial intelligence (AI) and deep learning techniques have
gained significant attraction in recent years, owing to their remarkable
capability of achieving high performance across a broad range of ap-
plications. However, a crucial challenge in training such models is the
acquisition of vast amounts of data, which is often limited in fields like
healthcare. In this domain, medical data is typically scattered across
various sources such as hospitals, clinics, and wearable devices. The ag-
gregated data collected from multiple sources in the healthcare domain
is sufficient for training advanced deep learning models. However, these
sources are frequently hesitant to share such data due to privacy con-
siderations. To address this challenge, researchers have proposed the in-
tegration of blockchain and federated learning to develop a system that
facilitates the secure sharing of medical records. This work provides a
succinct review of the current state of the art in the use of blockchain
and federated learning in the decentralized healthcare domain.

Keywords: federated learning, blockchain, healthcare

1 Introduction

The growing collection of data has raised serious concerns regarding privacy, par-
ticularly for medical data, which can be obtained from healthcare providers and
wearable devices. Such data encompasses a wide range of information, includ-
ing treatments, drugs, prescriptions, tests, images, and vital signs. Nevertheless,
medical data is often dispersed across multiple entities, and the availability of
large-scale medical datasets is limited. For instance, researchers in [1] trained a
machine learning model with only 303 records. To tackle these challenges, the
combination of Federated Learning (FL) and Blockchain (BC) technology has
been proposed to enable data sharing while preserving privacy. By means of fed-
erated learning, entities train a global machine learning model and then share the
parameters of the model instead of raw data. Blockchain, generally, can be used
to make the system decentralized, transparent, immutable, and self-controlled
by using smart contracts.

There exist reviews about using blockchain in the medical fields as given
in [4] and [5]. The usage of federated learning for healthcare is discussed in
[6]. To our knowledge, there is no review of the usage of both techniques in
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an integrated manner in the field of medical systems. The contribution of this
paper is providing a review of state-of-the-art works utilizing both federated
learning and blockchain in the medical field. In the rest of this extended abstract,
we present some of the latest research that used both federated learning and
blockchain in the medical field with a graphical representation of blockchain and
federated learning-enabled systems.

2 State-of-the-art: Blockchain and Federated Learning
Empowered Healthcare Solutions

This section presents an overview of the representative recent studies that em-
ployed blockchain and federated learning in the healthcare domain. The type of
used blockchain, the type of aggregation performed in federated learning, the pro-
posed solution and the application types are summarized in Table 1. A graphical
representation of the integration of blockchain and federated learning in health-
care systems is presented in Figure 1. The diagram displays entities, including
hospitals, clinics, and wearable devices, as the primary sources of data. The
federated learning component trains local models on local data, either through
on-site processing or by sending the data to nodes with sufficient computational
power. Model aggregation can be performed either through a centralized server
or through a decentralized mechanism facilitated by a blockchain-based smart
contract.

Researchers in [7] utilized blockchain and federated learning to build a secure
and provenance framework to be used in the Internet of Health Things (IoHT).
They tested the built framework with COVID-19 detection scenarios. Federated
learning has been used to train data locally instead of sharing it. Differential
privacy was applied on top of the federated learning to increase privacy pro-
tection. The role of blockchain in their framework is managing the federated
learning process in a decentralized way. Specifically, the blockchain had a role
in aggregating the global model, handling clients’ reputations and the quality
of their contributions, and storing the local and global models in Interplanetary
File System (IPFS). In addition, the blockchain in this solution allows users to
track the decision path, i.e. the used model and dataset.

Blockchain Decentralized (=] | Centralized 4

Aggregation &~ Aggregation =

@_@_@_@ Federated Learning @
EEmSEm OEm

Fig. 1. A general representation of blockchain and federated learning-enabled systems
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Table 1. Summary and comparison of the state-of-the-art solutions

Ref|Blockchain Type | Aggregation Solution Application Type
[7] Permissioned Decentralized Blockchaln—mangged Securlt.y and Prove-
Federated Learning |nance in IoHT
8] Permissioned Centralized Blockchain-based ,FL for Non-1ID Data
two-stage platform |in IoMT
Blockchain & feder-|Privacy-preserving
[9] Public Centralized |ated learning with|clinician collabora-
encryption tion
[10] Public Not Mentioned Blochhaln a8 com Building large medi-
puting architecture |cal datasets
. . Risk-Based  autho-|Access control to
11 P d D tralized
[1] Crmissione coertraize rization middleware [IoMT data

Using federated learning has a problem when dealing with non-independent
identically distributed (non-IID) data. The reason is that the data are different
at each federated agent and there is a risk of training each local model using
imbalanced data. Researchers in [8] implemented a two-step solution to tackle
this problem. The first step is building a uniformly distributed subset of the
data by receiving raw data from the participants. The composed dataset is then
sent to the participant to include in their training along with their local dataset.
This way, the problem of having imbalanced data is less. The blockchain here is
used to share the composed dataset. The second step is having each participant
training the machine learning model using their own private data along with the
shared dataset in the first step.

In [9], a blockchain and federated learning-based platform was built to pre-
serve privacy and distribute the learning process between different clinics. The
aggregation of local models has been done by centralized nodes using Secure
Multiparty Computation (SMPC) technique. The nodes encrypt the aggregated
model to increase privacy and send the encrypted model to the leader, which is
the entity that initialized the platform. The leader decrypts the received models,
does aggregation, then sends the global model to the Software Defined Networks
(SDNs) if further training is needed. Simulation using a Breast Cancer Dataset
has been done to test the proposed system.

The work presented in [10] includes an approach to construct large medical
datasets from diverse data sources. Blockchain technology is leveraged to regu-
late access to off-chain nodes. Additionally, federated learning is employed with
modifications to train local models on locally stored data, thereby maintaining
privacy through decentralized training.

A blockchain and federated learning middleware that is responsible for de-
ciding whether to give an entity access to the patients’ data or not was built in
[11]. Federated learning role in their proposed solution is predicting the risk level
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depending on the patient’s condition and the information of the entity request-
ing access to the data. The trained Al model will give three different levels of
risk: critical, serious, and stable. According to those levels, the decision of giving
access or not is taken. Blockchain was used to make the system decentralized,
i.e. replacing the centralized server for aggregating the global model. The global
and local models are stored on the blockchain as well.

3 Conclusion

Combining blockchain and federated learning has emerged as a promising so-
lution for sharing medical data while preserving privacy. The decentralized na-
ture of blockchain and the ability of federated learning to train models locally
while sharing only model parameters make this approach well-suited for health-
care. The reviewed papers used both premissionless (public) and permissioned
blockchains and aggregated local models either through a centralized server or
decentralized smart contracts. Blockchain played a crucial role in decentralizing
the system, managing privacy, and authorizing access to required data.

Remarkable results have been achieved by combining federated learning and
blockchain techniques to classify data located at different nodes. According to
[7], a success rate of 85% in classifying COVID-19 cases has been achieved using
this approach. Furthermore, [8] tested their system with three different datasets
and demonstrated that sharing a small amount of raw data while conducting
federated learning can increase accuracy when dealing with non-IID data. In
another study, [9] trained a deep learning model on the Breast Cancer Wis-
consin dataset by distributing it over several nodes, achieving an fl-score of
approximately 99%. Finally, researchers in [11] compared their platform with a
centralized approach and demonstrated that training a model on small datasets
dispersed through different nodes can achieve results that are similar to those of
a centralized solution with a large dataset.
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Covid-19 Pandemisinin Saghk Bakanhg1 Personelinin
Bilgi Giivenligi Farkindahgina Etkisi
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Effect of Covid-19 Pandemic on Information Security
Awareness of Ministry of Health Personnel

Abstract. Most of the technologies we use today are completely based
on information and data. An effective and systematic approach, such as
the Information Security Management System (ISMS), is required to
ensure the security of electronically circulating information. One of the
most important issues in protecting information is user awareness, and
information security awareness trainings are given to Ministry of Health
personnel every year within the scope of ISMS. In order to evaluate the
impact of the trainings, an online questionnaire is applied to all person-
nel via e-mail. The aim of this study is to evaluate the awareness of the
personnel in the central organization of the Ministry of Health before,
during and after the Covid-19 Pandemic about information security. In
the study, the same questions (10) in the questionnaires sent to the per-
sonnel between 2019-2022 were selected and the answers of the per-
sonnel to these questions were examined. In the survey results, regard-
less of the remote working environment, it was seen that both the in-
crease in participation in information security awareness training and
the positive effect of these trainings on the thoughts of the personnel
stemmed from the ownership and support of the management's ap-
proach to ISMS. As a result, it has been seen that remote working dur-
ing the Covid-19 pandemic period did not have a significant effect on
the information security awareness of the personnel, and it was ob-
served that an effectively managed ISMS in institutions, making policy,
procedure, instruction and legislation studies within the scope of ISMS,
providing management support, information security awareness train-
ings. It has been evaluated that giving it regularly is much more effec-
tive on the staff.

Keywords: Information Security Management System, Information Se-
curity Training, User Awareness
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Ozet. Giiniimiizde kullandigimiz teknolojilerin ¢ogu tamamen bilgiye
ve veriye dayanmaktadir. Elektronik olarak serbestge dolasan bilginin
giivenligini saglamak i¢in Bilgi Giivenligi Yonetim Sistemi (BGYS)
gibi etkili ve sistematik bir yaklasim gerekmektedir. Bilgiyi
korumaktaki en 6nemli hususlardan birisi kullanici farkindaligi olup,
BGYS kapsaminda Saglik Bakanlig1 personeline her yil bilgi giivenligi
farkindalik  egitimleri  verilmektedir. Egitimlerin  etkisinin
degerlendirilmesi i¢in tiim personele e-posta araciligi ile iletilen online
(cevrim igi) bir anket uygulanmaktadir. Bu ¢aligmada amag, Covid-19
Pandemi &ncesi, pandemi siireci ve sonrasi Saglik Bakanligi merkez
teskilatindaki personelin bilgi giivenligi ile ilgili farkindaliginin
degerlendirilmesidir. Calismada 2019-2022 yillar1 arasinda personele
gonderilen anketlerdeki ayni sorular (10 adet) secilmis ve personelin bu
sorulara verdigi cevaplar incelenmistir. Anket sonuglarinda uzaktan
calisma ortamindan bagimsiz olarak, gerek bilgi giivenligi farkindalik
egitimine katilmin artmast gerekse bu egitimlerin personelin
diisiincelerine pozitif etkisinin, yonetimin BGYS konusundaki
yaklasiminin sahiplenici ve destekleyici olmasindan kaynaklandigi
goriilmiistiir. Sonug¢ olarak, Covid-19 pandemi doéneminde uzaktan
calismanimn personelin bilgi giivenligi farkindaliginda ¢ok 6nemli bir
etkiye sebep olmadigi goriilmiis ve kurumlarda etkin sekilde yonetilen
bir BGYS olmasmin, BGYS kapsaminda politika, prosediir, talimat ve
mevzuat ¢alismalart yapilmasinin, yonetim destegi saglanmasinin, bilgi
giivenligi farkindalik egitimlerinin diizenli olarak verilmesinin personel
iizerinde ¢ok daha etkili oldugu degerlendirilmistir.

Anahtar Kelimeler: Bilgi Giivenligi Yonetim Sistemi, Bilgi Giivenligi
Egitimi, Kullanic1 Farkindaligi

1  Giris

Giinimiizde kurumlar bilgilerinin  biiyiik bir kismimi elektronik  ortamda
bulundurmakta ve bu bilgileri bilisim sistemleri araciligiyla islemektedir. Ancak bu
durum, kisisel bilgilerin sahiplerinin istegi disinda kotii niyetli saldirilara maruz
kalarak elektronik ortamda bulunan bilgilerin ilgisiz ve yetkisiz taraflarin eline
geemesi, kisisel bilgi sahibini rahatsiz edecek veya zarar verecek sekilde yasa disi
olarak kullanilmasi ve kisi mahremiyetinin ihlali tehlikesini de dogurmaktadir.
Ozellikle zarar vermek amaciyla yapilan saldirilarm sonucunda kurumsal veya kisisel
veri kayiplarinin artmasi, bilgi giivenliginin saglanmasindaki 6nemin artmasinda en
biiyiik sebepler arasinda sayilmaktadir [1]. Elektronik olarak serbestce dolasan
bilginin giivenligini saglamak icin etkili ve sistematik bir yaklasim gerekmektedir.
Bilgi giivenligi; uluslararasi standart ISO/IEC 27001°de bilginin gizliliginin,
biitiinliigiiniin ve erisilebilirliginin korunmasi olarak tanimlanmaktadir [2]. Bilgi
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Giivenligi Yonetim Sistemi (BGYS) kurumsal olarak bilgi varliklarmin envanterinin
c¢ikarilmasi, bunlara her tiirlii denetimsiz erisimi engelleme, risk analizleriyle bilginin
gizliliginin ve biitiinligiiniin korunmasi igin gerekli idari ve teknik dnlemleri alma ve
tiim ig siireclerini bilgi giivenligi politikalar1 dogrultusunda diizenleyerek yonetme
islevi olarak tanimlanmaktadir [3, 4]. Herhangi bir sistemde veya kurumda uygun
diizeyde bir bilgi giivenligi olusturmak i¢in, potansiyel risklere karsi koruma
saglamak amaciyla teknoloji, kurum ve kullanicilar arasinda giiglii bir etkilesim
gereklidir.

Her kurum igin ¢ok onemli bir unsur olarak ortaya c¢ikan bilgi giivenligini
saglamak ve elektronik ortamda bulunan bilgileri korumak igin gesitli teknik 6nlemler
almmaktadir. Veri sifreleme, kimlik dogrulama, rol bazli yetkilendirme, igerik
kontrolii, anti-viriis, giivenlik duvari, sanal 6zel ag, saldirtytr 6nceden tespit etme ve
onleme yontemleri bu Onlemlerden bazilar1 olarak sayilabilir [S]. Ancak alinan
onlemler bilgi giivenligini saglamada tek basina yetersiz olabilir, bilgi giivenliginin
saglanmasinda teknik 6nlemlerin yani sira kurum politikas1 ve kullanici farkindalig
olusturmak gibi bagka faktorlerin de olmas1 gerekmektedir. Teknik veya kurumsal
olarak alinan tedbirler, kurum personeli tarafindan kullanildigr kadariyla bilgi
giivenligini saglamada etkilidir. Bilisim teknolojisinde giivenligi saglama konusunda
en zayif halka olarak kullanict kabul edilebilir. Bilgi sistemi kullanicilari belirlenen
giivenlik onlemlerini izlemez ve uygulamak istemezlerse alinan onlemlerin higbir
anlami kalmaz. Bilgi sistemlerinde bilgi giivenligini saglamak i¢in alman 6nlemlerin
basarisi biiyiik oranda son kullanici davraniglarina ve farkindaligma baghdir [6].

Kurumlarda bilgi giivenligi farkindalig1 ¢alismalarinin temeldeki amaci, 6zellikle
kurum personeli basta olmak tizere bilgi aligverisi yaptigi tiim kisilerin kurum igin
degerli bir varlik olan bilgi ve bilgi varliklarinin korunmasinda iizerlerine diisen
sorumluluklart anlamalarint saglamaktir [7]. ISO/IEC 27001 standard: bir kurumda
BGYS kurulumu, denetlenmesi ve bilginin giivenligi konularmi ele alan ve tiim
diinyada en yaygin kullanilan standarttir. ISO/IEC 27002 ise ISO27001°de tanimlanan
yonetim sisteminin kurulmasi i¢in detaylarin ve yontemlerin aciklandigr kilavuzdur
[8]. Saghk Bakanligi Saghk Bilgi Sistemleri Genel Midiirligii (SBSGM), 2014
yilinda ISO/IEC 27001 belgesini almig ve standardin gerekliliklerini giiniimiize kadar
bliyilk bir titizlikle uygulamaktadir. Kurumun ISO/IEC 27001 standardina
uyumlulugu Tiirk Akreditasyon Kurumu (TURKAK) onayli belgelendirme
kuruluglarindan birisi olan Tiirk Standartlar1 Enstitiisii (TSE) tarafindan her yil
yapilan dis denetimlerle kontrol edilmekte ve SBSGM’nin aldigi belgenin siirekli
giincel tutulmas: saglanmaktadir. Bu kapsamda yerine getirilen faaliyetler, kurumda
bulunan bilgilerin giivenliginin saglanmasina yonelik personel farkindalik
egitimlerinin verilmesini ve etkisinin dl¢lilmesi ¢aligmalarini da kapsamaktadir.

2020 yilinda tiim diinyay1 etkisi altina alan Covid-19 Pandemisinin kontrol altina
alinmasi i¢in bagvurulan yontemlerin hemen hepsinde teknolojik olarak gelistirilen
uygulamalar bulunmaktaydi. Saglik alaninda kullanilan bilisim sistemleri, 6zellikle
saglik tesisine gelemeyen hastalara saglik hizmetine erisimde kolaylik saglamistir.
Buna ek olarak hastaligin yonetilmesinde anlik olarak ulasilabilen verilerin de
oldukga biiyiik yardimi olmustur. Saglik Bakanlig: tarafindan gelistirilen uygulamalar
arasinda toplumda en cok bilinenleri pandemi kosullarinda giinliik hayatin devamini
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temin etmek ilizere Hayat Eve Sigar (HES) sloganindan admi alan HES mobil
uygulamasi [11], kisilerin kendi saglik verilerini yonetmesine imkan saglayan e-Nabiz
Sistemi [12] ve Merkezi Hekim Randevu Sistemidir [13]. Bu uygulamalar ile smav
ortamlari, toplu tagima araclari, sosyal ve ticari alanlar, askeri birlikler, saglik hizmeti
sunuculari, egitim kurumlari gibi hayatin tiim alanlarinda virlise maruz kalma
durumunun takip edilmesi i¢in kurulan sistemler, ¢ok sayida bilgi sisteminden veri
almis ve ilgili diger sistemlere veri sunmustur. Bu sistemlerde {iiretilen, saklanilan
veya paylasilan bilgilerin giivenligine yonelik ek teknik ¢oziimler gelistirilmisse de bu
sistemleri gelistiren personelin bilgi giivenligi farkindalig1 énemlidir.

Covid-19 Pandemi doneminde hastaligin toplumda yayilmasi riskini en aza
indirmek amaciyla hemen her kurumda uzaktan g¢alisma yontemi uygulanmistir.
Uzaktan c¢alisma yonteminin usul ve esaslari, T.C. Aile, Caligma ve Sosyal Hizmetler
Bakanligi tarafindan Uzaktan Calisma Yonetmeligi [9] ile diizenlenmis ve “Covid-19
Doneminde Uzaktan Calisma Rehberi” yayimlanmistir [10]. Bilisim teknolojileri
alaninda uzaktan c¢aligma yonteminde en c¢ok kullanilan uzaktan g¢aligma araci
bilgisayarlardir. Bilgisayar araciligi ile ¢alisilan kuruma baglant1 yapilarak proje ve
islerin devamlilig1 saglanmistir. Bu siiregte uzaktan calisan tiim personelin kurumun
hassas varlig1 olan bilgilerin giivenligine iliskin tipki ¢aligma ortamindaki gibi duyarl
ve Ozenli oldugu varsayillmistir. Saglik bakanliginda da pandemi doneminde
personelin kuruma uzaktan baglanti ile bilgi sistemlerine erigerek islerini devam
ettirmeleri gerekmistir.

Bu ¢alismada amag, Covid-19 Pandemi Oncesi, pandemi siireci ve sonrast Saglik
Bakanlig1 merkez teskilatindaki personelin bilgi giivenligi ile ilgili farkindaliginin
degerlendirilmesidir.

2 Yontem

ISO/IEC 27001 standardi kapsaminda her y1l Saglik Bakanligi merkez teskilatinda
calisan personele bilgi giivenligi farkindalik egitimleri verilmektedir. Bu egitimlerin
etkisinin degerlendirilmesi i¢in Bakanlik merkez teskilattaki tiim personele e-posta
araciligl ile iletilen online (¢evrim igi) bir anket calismasi uygulanmaktadir. Anket
calismas1 tamamen goniilliiliik esasina dayali olup mahremiyet ve giivenirlik esaslari
dogrultusunda anket katilimcilarindan kimlik bilgisi talep edilmemekte, herhangi bir
IP adres bilgisi alinmamaktadir. Bu c¢alismada 2019-2022 yillar1 arasinda personele
uygulanan anketlerin sonuglari incelenmistir. Ankete 2019 yilinda 683, 2020 yilinda
521, 2021 yilinda 727 ve 2022 yilinda 884 kisi katilim saglamistir. Katilimeilar
arasinda her y1l anket ¢aligmasina diizenli olarak katilan personel oldugu gibi ilk kez
katilan veya ise yeni baslayan personel oldugu da disiiniilmektedir. Bu nedenle
katilimer say1 bilgisi y1l bazinda verilmistir.

Anket c¢alismasinda personelin goriislerini belirleyebilmek amaciyla sorulan
sorularin igeriginde yeni c¢ikan teknolojiler veya bilgiler 1s18inda degisiklikler
yapilmistir. Calismamizda dort yillik siiredeki degisimi incelemeyi amagladigimiz
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icin, c¢alismaya 2019-2022 yillar1 arasinda personele uygulanan anketlerdeki ayni
sorular (10 adet) secilerek, personelin bu sorulara verdigi cevaplar dahil edilmistir.

3 Bulgular

2019-2022 yillar1 arasinda Saglik Bakanligt BGYS Birimi tarafindan yapilan anket
calismasina katilan personelin demografik bilgileri yillara gore Tablo.1.’de
verilmistir.

Tablo 1. Katilimcilarin Cinsiyet ve Egitim Durumu Dagilimi

2019 2020 2021 2022
(%) (%) (%) (%)
s Kadin 344(50,4) 257(49,3) 38(52,4) 477(54,0)
Z
8 Erkek 339(49,6) 264(50,7) 346(47,6) 407(46,0)
Tkogretim 2(0,3) - - -
2 Lise ve dengi 48(7,0) 29(5,6) 32(4,0) 69(7,8)
=
E, Yiiksekokul 69(10,1) 37(7,1) 64(9,0) 74(8,4)
E Lisans 364(53,3) 270(51,8) 413(57,0) 456(51,5)
o
- Lisansiistii 161(23,6) 151(29,0) 177(24,0) 226(25,6)
Doktora ve iistii 39(5,7) 34(6,5) 41(6,0) 59(6,7)

Son dort yilda BGYS birimi tarafindan Saglik Bakanligi merkez teskilata
uygulanan anketlerdeki ayni olan sorular ve katilimcilarin verdigi cevaplarin yiizdesi
Tablo.2.’de sunulmustur. Degerlendirmede pandemi donemi olarak 2020 ve 2021
yillarinda yiizdelerin ortalamasi alinmis ancak ankete katilan kisi sayisi ayri ayri
verilmistir.
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Table.2. Saglik Bakanlig1 Merkez Teskilat Personelinin 2019-2022
Yillart Arasinda BGYS ile Ilgili Gériisleri

2019 2020-2021 2022
T S D T S D T S D
SORULAR N|N|N 1: 1: 1: N | N N
on | et | can | 521 99- | 422 | o | |
683 | 181 | 502 727 | 223 | 504 884 | 132 | 752
% | % | % | % % % | % | % | %
1.1s bilgisayari, kurumsal uygulamalar, sosyal medya hesaplarmzin parolasim
cogunlukla nasil saklamayi tercih edersiniz? [Birden fazla sec¢ebilirsiniz]
Fiziksel bir ortama yazarim 90 | 0,1 [12,0] 85 4,0 10,5 12,0 | 3,0 | 14,0
Elektronik cihazimda bir
metin belgesi lizerine 16,0 | 12,0 [ 17,0 | 20,5 10,0 16,5 | 15,0 | 8,0 16,0
kaydederim
Web tarayicima hatirlamast | g | 54 | 6o | 70 | 50 | 75 |80 |50/ 80
icin kaydederim
Aklimda tutarim 64,0 | 73,0 | 61,0 | 62,5 64,5 61,5 |58,0|71,0| 56,0
Parola yonetim programi
kullanirim ve ona 6,0 |11,0] 4,0 6,5 16,5 4,0 [19,0(13,0] 6,0
kaydederim
2.Gerekirse, parolam is arkadasimla...
Rahatlikla paylasirim 3,1 |00 | 42| 28 0,25 35 |44 00| 52
Zorunlu durumlarda 51,5 [12,7(655| 423 | 125 | 52,1 [49,7]13,6] 56,1
paylasirim
Higbir zaman paylagsmam | 45,4 | 87,3 |30,3 | 550 | 874 | 444 |458 (864 | 38,7
3.internet bankaciligi parolasim cogunlukla nasil saklamay tercih edersiniz?
[Birden fazla secebilirsiniz]
Fiziksel bir ortama yazarim | 10,0 | 2,0 | 12,0 8,5 3,5 10,5 | 12,0 | 5,0 | 13,0
Elektronik cihazimda bir
metin belgesi lizerine 16,0 | 9,0 [ 18,0 | 14,5 8,5 16,5 | 17,0 11,0 | 18,0
kaydederim
Web tarayicima hatirlamast |y o0 10 | 15 | 10 | 15 |20 | 00| 20
icin kaydederim
Aklimda tutarim 70,0 | 83,0 | 66,0 | 70,5 73,5 69,0 1650|750 63,0
Parola yonetim programi
kullanirim ve ona 40 | 6,0 | 3,0 | 50 14,0 25 |40 90| 40
kaydederim
4.Bilgisayarimin basindan ayrilirken, ekran kilidini devreye sokarim.
Her zaman 88,4 (99,6 84,5| 774 | 969 | 69,6 71,6 99,2 | 668
Aklima gelirse 00|00 |00 | 158 | 25 | 21,4 |209| 08 | 245
Gerek gormiiyorum 81 |06 |108] 68 0,7 90 |75 00| 88
5.Bilmedigim bir kaynaktan gelen e-postalardaki baglant1 ve eklere...
Dogrudan agar bakarim 57| 1,772 | 32 0,5 40 | 22100 25
Agmadan énce giivenilirmi | o 1 o075 1 | 733 | 846 | 700 | 622|727 604

diye kontrol ederim
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Hemen silerim ’17,3’ 7,7 |20,7| 23,6 ‘ 15,0 ‘ 26,1 ‘35,6 ‘27,3‘ 37,1

6.Bilgi giivenligi ihlalini ilgilendirecek bir olay fark ettigimde ilk olarak...

Bilisim teknik destek

s .. 59,7 (11,6 | 77,1 0,0 0,0 0,0 0,0 | 0,0 0,0
birimine haber veririm

Bilgi Giivenligi Birimine

o e T e e e 0,0 | 0,0 | 0,0 39,7 16,3 46, 1,8 12, L1
sozlii olarak bildiririm 3318 2| 33

Bilgi Giivenligi web
sitesinden ihlal bildirimi 36,9 [ 87,9 | 18,5 | 50,9 81,0 | 41,9 |50,0 86,4 | 43,6
yaparim

Benim yapmam gereken bir

o O 34106 | 44 9,6 2,8 11,9 | 18,2 0,8 | 21,3
sey olmadigini diiiiniirim

7.Saghk Bakanhg Bilgi Giivenligi Politikalar1 Yénergesi ve Kilavuzunu ...

ik kez simdi duydum 17,6 0,6 |23,7] 9,3 1,0 11,8 |10,1| 0 11,8
Galiba bir yerlerde 203 | 94 |365] 289 | 835 | 349 [286] 6,1 | 3256
gormustim
Biliyorum ve gerektikge 532 (90,1398 61,9 | 90,7 | 534 |613|939| 556
bakiyorum

8.Daha once bilgi giivenligi farkindahk egitimi/konferansi ...

Aldim 54,8 195,0 (40,2 | 72,2 93,2 65,2 170,51955| 66,1
Almadim 33,2 3,3 |44,0| 20,1 4,7 252 |164 | 3,0 18,8
Hatirlamiyorum 12,0 1,7 | 15,7 | 7,75 2,1 9,7 13,1 1,5 15,2

9.isle ilgili bilgileri Facebook, Twitter gibi ortamlarda ....

Secerek paylasirim 82 5592 70 5.4 7,0 |36 |38 ]| 3.6
Paylasmam 91,8 194,5]190,5 | 92,5 94,2 92,2 19551962 | 954
Paylasip paylagsmamakta

0,0 | 0,0 | 0,0 0,6 0,45 0,7 0,9 | 0,0 1,1
kararsizim

10.is bilgisayarlarimdaki verileri ...

Periyodik olarak yedeklerim | 65,3 | 64,6 |655| 59,5 | 59,7 | 59,9 |57,0|659| 55,5

Sistem zaten yedekliyor 20,1 [ 21,6 |119,5| 22,0 | 20,0 | 22,6 |21,3|16,7| 22,1
Yedeklemem 0,0 | 0,0 | 0,0 11,2 14,8 9,6 21,7 1174 | 22,5
Kararsizim 146 | 138|149 | 74 5,5 8,0 0,0 | 0,0 0,0

*(T: Toplam, S: Saglik Bilgi Sistemleri Genel Midiirliigii ve D: Saglik Bakanlhigindaki diger Genel
Midiirliik ve Baskanliklar)

4 Tartisma ve Sonug¢

ISO/IEC 27001 belgesi, SBSGM tarafindan alindigindan itibaren diizenli olarak
Bakanlik merkez teskilattaki personele bilgi giivenligi farkindalik egitimi
verilmektedir. Covid 19 Pandemisi nedeniyle 2021 yilinda uzaktan egitim sistemi ve
video platformu ile egitim yapilmistir. Tim yillarda daha once bilgi giivenligi
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farkindalik egitimi/konferansi aldigmi belirten katilimecr yiizdeleri incelendiginde,
egitimlere katildigini ifade eden SBSGM personel sayisinin, SBSGM disinda kalan
personel sayisindan daha fazla oldugu goriilmiistiir. Bu fazlalik SBSGM yonetiminin
bilgi giivenligi egitimlerine personelin katilmasi i¢in hatirlatma e-postasi géndermesi,
yoneticiler tarafindan egitimlere bizzat katilim saglanmasi gibi yontemlerle destek
vermesinden kaynaklanabilir. Kurumlarda, bilgi varliklarinin giivenliginin veya bilgi
giivenligi siireglerindeki sorumlulugun sadece bilgi islem birimlerinde olduguna
iligkin yanlis algilamalar bulunabilmektedir [14]. SBSGM disinda kalan personelde
boyle bir yanlis alg varsa bu algi bilgi giivenligi egitimine katilim1 olumsuz etkilemis
olabilir. SBSGM disindaki diger birimlerin bilgi giivenligi farkindalik egitimlerine
katilimini artirmak amaciyla, yoneticileri tarafindan egitimlere katilim igin destek
verilmesi faydali olabilir. Buna ek olarak, bilgi varliklarmm giivenliginin
saglanmasinda kullanict roliiniin 6nemi ve sorumlulugun sadece bilgi islem
birimlerinde degil herkeste olduguna dair bilgi vermenin personelin egitimlere
katilimin arttiracagy diisiiniilmektedir.

Bakanlik personeline verilen egitimlerde sadece kurumsal bilginin degil kisisel
bilginin korunmasmin da 6nemi anlatilmigtir. Bu kapsamda, ankette bazi sorular
personelin hem kurumsal hem de Kkisisel bilgilerinin giivenligine verdikleri
onem/degeri 6grenmek amaciyla sorulmustur. Ornegin “Is bilgisayari, kurumsal
uygulamalar, sosyal medya hesaplarinizin parolasini ¢ogunlukla nasil saklamay1
tercih edersiniz?” sorusu ve “Internet bankaciligi parolasin1 gogunlukla nasil
saklamay tercih edersiniz?” sorusu bu amagla hazirlanmis sorulardir. Katilimcilarin
bu sorulara verdikleri yanitlar karsilastirildiginda, tiim yillarda personelin kendi
kisisel banka hesaplari i¢in gosterdigi 6zenin is ortaminda kullandig bilgisayarindaki
veriler i¢in gosterdigi 6zenden daha fazla oldugu degerlendirilmistir. Elbette burada
kisisel bilgi olarak degerlendirilen bilginin niteliginin de o6nemli oldugu
unutulmamalidir. Banka hesap bilgilerine kotii amagli erisim riski, kigileri direk
olarak etkileyecegi i¢in tiim personelin, internet bankacilig1 parolalarinin gizliligini is
ile ilgili kullandiklar1 araglarm parolalarindan daha fazla Gnemsemelerine neden
olabilir.

ISO/IEC 27001 standardina ve Saglik Bakanligi Bilgi Giivenligi Politikalar1
Kilavuzuna gore sistemlerde bulunan bilginin korunmasi i¢in en etkili yontemlerden
ve mutlaka uyulmas1 gereken kurallardan biri, sisteme giris i¢in kullanilan parola
bilgisinin kimseyle hatta en yakin is arkadas ile bile paylasiimamasi gerektigidir [15].
Anket sonuglart incelendiginde, SBSGM personelinin parolasini is arkadaglari ile
hicbir zaman paylasmadig1 (yaklasik%87) ancak SBSGM disindaki personelin
yaklasik %60’ min zorunlu durumlarda ve rahatlikla paylasabilecegi goriilmiistiir. Bu
da bize bilgi giivenligi egitimlerinde en hassas konulardan biri olan parolanin
kimseyle paylasilmamast hususunun SBSGM disindaki personel tarafindan tam
olarak anlasilmadigini gostermektedir. Planlanan egitimlerde bu konunun iizerinde
daha ¢ok durulmasi gerektigi diisiintilmektedir.

Katilmeilarin biiyliik bir kismi bilmedikleri bir kaynaktan gelen e-postalardaki
baglanti ve eklere “A¢madan Once giivenilir mi diye kontrol ederim” cevabini
vermistir ancak bu cevabin ylizdesinde 2019 yilindan itibaren bir diisiis
goriilmektedir. Bununla birlikte ayn1 soruya verilen “Hemen silerim” cevabinda ise
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yillara gore artig oldugu goriilmektedir. Bu da bize Bakanliktaki tiim personelde
kontrol edebilseler dahi bilmedikleri bir kaynaktan gelen e-postalara karsi giivensizlik
olustugunu ya da kaynagmi bilmiyorlarsa kontrol ile zaman kaybetmeyip hemen
silmeyi tercih ettiklerini gostermistir. Her iki se¢cimde de kaynagi bilinmeyen bir e-
postaya karsi giivensizlik olugmasi katilimcilarin parola paylagilmamasi konusundaki
farkindaliklarinin yiiksek olabilecegini gostermektedir.

Saglik Bakanliginda bilgi giivenligi farkindaligina iliskin verilen egitimler ve
kurumda BGYS kiiltiiriiniin olugsmasi ve sahiplenilmesi igin yapilan tiim ¢alismalarin
temeldeki amaci personelde bilgi giivenligi farkindaligi ve davranis degisikligi
yaratmak i¢indir denilebilir. Yapilan calismalar gostermistir ki bir sistemde veya
kurumda ne kadar teknik dnlem alinirsa alinsin, sistemdeki veya kurumdaki bilgilerin
giivenligi kullanici/personelin farkindalik diizeyi ile yakindan iligkilidir [7, 16].
SBSGM tarafindan her yil bilgi giivenligi egitimleri yapilsa da personele bilgi
giivenligi ile 1ilgili bilgilere kolaylikla erigebilecekleri bir web sitesi
(https://bilgiguvenligi.saglik.gov.tr/) gelistirilmis ve gerekli tiim bilgiler “Bilgi
Giivenligi” isimli web sitesinden tiim personelin erigimine agilmistir. Bilgi Giivenligi
web sitesinde ilgili bolimlerde BGYS ile ilgili tiim yonerge, kilavuz dokiimanlarina
ve BGYS belgelerine erisim saglanabilmektedir. Egitimlerde tiim personele web sitesi
ve bilgi giivenligi ile ilgili 6énemli dokiimanlara nasil erisecekleri anlatilmaktadir.
Tiim bilgilerin tek bir egitimde akilda kalmasi beklenemeyecegi i¢in personele ihtiyag
duyabilecekleri bilgilere nereden ve nasil erisim saglayabileceklerinin egitimlerde
anlatilmasmin yeterli oldugu diisliniilmiistiir. Ancak anket sonuglarnda SBSGM
disindaki personelin Saghik Bakanligi Bilgi Giivenligi Politikalar1 Yonergesi ve
Kilavuzunu beklendigi kadar bilmedikleri goriilmiistiir. Bunun nedeni egitimlere
katilim sayist olabilir. SBSGM yonetiminin personelin egitimlere katilmasi
hususundaki destegi ve SBSGM personelinin anket sorularina verdikleri yanitlar goz
Oniline alindiginda bir kurumda basarili bir BGYS siireci yiiriitmekte egitim kadar
yonetim desteginin de 6nemli oldugu anlagilmaktadir.

Ozdemir, A. ve Uluyol, C. Tarafindan yapilan bir calismada “Kamu ¢alisanlarinin
calistiklar: birime gére bilgi giivenligi farkindaliklart karsilastirildiginda  Bilgi
Teknolojileri Dairesi Baskanligi gibi teknik egitim almis ¢alisanlarin oldugu birimin
olgegin toplam puamindan ¢ok yiiksek oldugu dolayisiyla birimde ¢alisanlarin
farkindaliklarimin - diger birimlerde ¢alisanlardan yiiksek oldugu goriilmiistiir.”
sonucuna vartmigtir [6]. Nitekim bu durum bizim g¢alismamizda da SBSGM ile
SBSGM disindaki diger personel tarafindan verilen cevaplarla karsilastirildiginda da
benzer bir bulgu olarak goriilmektedir. Tiim sorulara tiim yillarda verilen cevaplarda,
SBSGM personelinin digerlerine gore BGYS onemini daha ¢ok anladiklart ve bu
konuda farkindaliklarin daha yiiksek oldugu sonucuna varilmaktadir.

Saglik Bakanlig1 merkez teskilat personeline son dort yilda (2019-2022) uygulanan
ve bilgi giivenligi farkindaligina iliskin diistincelerinin 6grenilmek istendigi anket
calismasinda genel olarak SBSGM personelinin digerlerine kiyasla BGYS uyumu
veya sahiplenilmesi konusunda daha olumlu olduklar1 degerlendirilmistir.
SBSGM’nin ISO/IEC 27001 belgesini almig olmast sebebiyle SBSGM’de
olusturulan, islenen, tagman, imha edilen ¢ok degisik formlardaki bilginin giivenligi
icin gelistirilmis olan dokiimante bir yonetim modeli olusturulmustur. Bu kapsamda i¢
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tetkik caligmalari, risk analizi ¢aligmalari, bilgilendirme e-postalari, aylik farkindalik
biiltenleri vb. c¢aligmalarla ve bilgi giivenligi egitimleri ile SBSGM personeli
desteklendigi i¢in farkindaliklar1 daha fazla olabilir.

Tiim diinyada 2020 ve 2021 yillar1 Covid 19 Pandemisinin oldugu ve genel olarak
ozellikle ofis ortaminda c¢alisan personelin miimkiin oldugunca evinden ¢alistigi
zamanlardi. Anket c¢aligmasinda 2019, 2020-2021, 2022 yillart sirastyla pandemi
oncesi, pandemi ve sonrasi olarak ele alinmistir. Saglik Bakanligi personelinin bu
yillarda ankete verdikleri cevaplar karsilastirildiginda, Covid-19 Pandemi déneminde,
personelin uzaktan calisma araglarindaki bilgi giivenligi farkindaligina veya bu
konudaki diislincelerine iliskin diger yillara kiyasla dikkate deger bir farklilik
goriilmemistir.

Sonug¢ olarak, kurumlarda etkin sekilde yonetilen bir BGYS olmasi, BGYS
kapsaminda politika, prosediir, talimat ve mevzuat ¢aligmalart yapilmasi, yonetim
destegi saglanmasi, bilgi giivenligi farkindalik egitimlerinin diizenli olarak verilmesi
ve ¢alisanlar tarafindan benimsenmesi ile birlikte personelin, kurumda veya Covid-19
Pandemi doénemindeki gibi uzaktan caligma ortamimda olmasinin bilgi giivenligi
farkindaliginda biiyiik bir degisiklige neden olmayacagi degerlendirilmistir.
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