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Investigating Optimal Number of Cross Validation

on the Prediction of Postoperative

Atrial Fibrillation by Voting Ensemble Strategy

Voting Ensemble Stratejisi ile
Postoperatif Atriyal Fibrilasyonun Tahmininde
Optimal Capraz Gegerlilik Sayisinin Belirlenmesi

ABSTRACT Objective: Atrial fibrillation (AF) is the most widely recognized cardiovascular arrhythmia.
Symptomatic AF can decrease quality of life, functional condition, and performance of the heart. In order to
make a clinical decision strategy, the present study attempts to investigate the optimal number of cross vali-
dation (CV) [NOCV] on the prediction of postoperative AF based on the several data mining and voting
ensemble approaches. Material and Methods: The retrospective dataset included complete medical records
of 2888 individuals after coronary artery bypass grafting. The subjects were divided into two groups: AF
group (n=360) and non-AF group (n=2528), respectively. Data mining approaches including artificial neural
networks (ANN), Naive Bayes (NB) and logistic regression (LR) were constructed for the prediction of the
presence or absence of AF. Additionally, voting ensemble strategy was employed in order to improve pre-
dictive accuracy. NOCV was optimized by Grid search. For evaluating the predictive performance, accuracy
and area under curve (AUC) of the receiver operating characteristics (ROC) graph were considered as evalu-
ation index. Results: After removing the missing values and outliers, this research consisted of 2694 subjects;
327 (12.1%) in AF group and 2367 (87.9%) in non-AF group, respectively. The largest accuracy of 87.8% for
LR was observed in the 8-fold CV. Similarly, voting ensemble yielded the highest AUC value of 0.896 in the
10-fold CV. The highest accuracy and AUC were 87.2% and 0.896 for voting, 87.8% and 0.729 for LR, 87.1%
and 0.668 for ANN, and 79.4% and 0.675 for NB, consecutively. Conclusion: The results of the current re-
search demonstrated that the constructed models yielded different results for predicting postoperative AF in
the determination of the optimal NOCV. It is recommended to determine the optimal NOCV by optimiza-
tion techniques. The proposed voting was an acceptable and promising approach for predicting AF, and
thence, can support clinicians in the clinical decision making.

Key Words: Atrial fibrillation; data mining methods; number of cross validation;
parameter optimization, voting ensemble

OZET Amag: Atriyal fibrilasyon (AF) en sik rastlanan kardiyovaskiiler bir aritmi olup, kalbin yasam kalitesini,
fonksiyonel durumunu ve performansim diigiirebilir. Bu ¢aligmada gesitli veri madenciligi ve voting ensemble
yaklagimlarina dayali olarak postoperatif AF'nin tahmininde optimal ¢apraz gegerlilik (CG) sayisinin [OCGS]
belirlenmesi amaglanmistir. Gereg ve Yontemler: Koroner arter baypas cerrahisi sonras1 2888 bireyin geriye
doniik olarak elde edilen veri seti, AF grubu (n = 360) ve AF olmayan grup (n = 2528) olarak ikiye ayrildi. Yapay
sinir aglar1 (YSA), Naive Bayes (NB), lojistik regresyon (LR) ve voting ensemble (VE) yaklagimlari AF'nin
tahmininde kullanildi. OCGS'nin belirlenmesinde grid search algoritmasi kullanild:. Islem karakteristik egrisi
altinda kalan alan (AUC) ve dogruluk degerleri, model performanslarini incelemek igin dikkate alindi. Bulgular:
Eksik ve aykir1 degerler ¢ikarildiktan sonra, bu arastirmada; 327 (% 12.1) birey AF grubunda ve 2367 (87.9%)
birey AF olmayan grupta olmak tizere toplam 2694 kisi yer almaktaydi. Grid search optimizasyonu sonucunda;
en yiiksek dogruluk degeri % 87.8 olarak LR icin 8-kat CG’de ve en yiiksek AUC degeri 0.896 olarak VE i¢in 10-
kat CG’de gozlenmistir. Ayrica, en yiiksek dogruluk ve AUC degerleri sirasiyla; VE i¢in % 87.2 ve 0.896, LR i¢in
% 87.8 ve 0.729, YSA igin % 87.1 ve 0.668, NB i¢in % 79.4 ve 0.675 idi. Sonug: Elde edilen bulgular, 6nerilen
VE yaklagiminin AF'nin tahminde oldukga bagarihi ve timit verici bir yontem oldugunu ve béylece klinisyenlere
klinik karar vermede 6nemli destek verebilecegini gostermistir.

Anahtar Kelimeler: Atriyal fibrilasyon; veri madenciligi yontemleri; ¢apraz gegerlilik sayisi;
parametre optimizasyonu, voting ensemble
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trial fibrillation (AF) is the most widely

recognized cardiovascular arrhythmia.

Symptomatic AF can decrease quality of
life, functional condition, and performance of the
heart. Postoperative AF is a common complica-
tion after cardiac surgery with a rate of 20-50%,
and is related with higher medical costs as well as
an increased risk of death. Prediction of AF is
important to understand medical costs and disa-
bility burden in the population related to this
disease. Age is a significant factor affecting the
prevalence of postoperative AF. While some risk
factors associated with AF may be controlled, the
others cannot be modified. Progression of the AF
may be prevented by controlling the modifiable
risk factors.!?

Knowledge Discovery Process (KDP), also
known as data mining, is an approach to achieve
patterns from vast datasets by incorporating
techniques of statistics, mathematics and ma-
chine learning. Also, KDP is a very practical ap-
proach. It has been shown that iterative approach
utilized in KDP for the extraction of the novel
knowledge might significantly improve the accu-
racy of the complete system.3

Cross-validation (CV) is a commonly known
method for technique selection. The primary
concept behind CV is to separate dataset, once or
many times, to calculate the error of each tech-
nique. A portion of the data (training dataset) is
utilized for training each technique, and the re-
maining portion (validation sample) is employed
for calculating the error of the technique. After-
wards, CV chooses the technique with the small-
est calculated error.* To assess the performance of
Knowledge Discovery Process based methods, k-
fold CV is generally utilized. Especially, 10-fold
CV is considered as the standard method for
evaluating the performance of prediction and
classification with respect to error rate.

In this context, there has been no research
investigating the optimal number of CV (NOCV)
on the prediction of postoperative AF by various
data mining and voting ensemble approaches.
Several single approaches can be combined based
on a strategy, which generated a single approach

called as an ensemble technique. It has been re-
ported that the ensemble strategy can improve
the predictive performance and outperforms a
single approach.®

In the current study, the primary objective is
to investigate the optimal NOCV on the predic-
tion of postoperative AF based on the several data
mining and voting ensemble approaches. The se-
cond objective of the current study is to evaluate
the predictive performance of the data mining
approaches.

I MATERIAL AND METHODS
2.1. DATASET

The retrospective dataset included complete
medical records of 2888 subjects after coronary
artery bypass grafting (CABG) from the cardio-
vascular surgery department of Turgut Ozal Med-
ical Center of Inonu University, Malatya, Turkey.
The subjects were divided into two groups: AF
group (n=360) and non-AF group (1=2528), re-
spectively. Electrocardiogram was employed for
diagnosing postoperative AF. The target of the
present research is the presence or absence of
postoperative AF. The target and predictor varia-
bles including demographic and clinical charac-
teristics among the risk factors for AF were given
in detail (Table 1).78

DATA PREPROCESSING

The data preprocessing involved the stages
explained below:

Data selection: The appropriate dataset was
determined and collected from the cardiovascular
surgery department.

Missing values: Missing values were
removed.

Nominal to numerical transformation: The
data mining approaches employed in this study
assume that the attributes have categorical scale.’
Therefore, the dataset was discretized in the
current study.

Outlier detection: Outliers are excessively
different from other values of the dataset. The
Class Outlier Factor (COF) operator can be used
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TABLE 1: Summary information of the attributes

Attributes

Pleural effusion

Gender

Abbreviation

Attribute type Definition Role

Categorical Present/absent Input

Categorical Female/male Input

Diabetes mellitus DM Categorical Present/absent Input

Obesity
Family history FH
Myocardial infarction MI

Past cryoglobulinemia vasculitis PCV

Categorical Present/absent Input

Present/absent

Categorical

Input

Categorical Present/absent Input

Categorical Present/absent Input

The left main coronary artery LMCA Categorical Present/absent Input

Aneurysmectomy

Ventilation time (hours) VT

Categorical Present/absent Input

Numerical Positive integer Input

Pleural effusion at 4 days PE4 Categorical Present/absent Input

Pleural effusion at 15 days PE15

Length of hospital stay (days) LHS

Categorical Present/absent Input

Numerical Positive integer Input

to detect outliers. In the present study, the
outliers were determined by the COF method.!®

w Data filtering: Outliers were removed in
this step.

m Normalization: Among the normalization
methods, the aim of the Z-transformation is to
convert a data into standard normal distribution,
N(mean=0, variance=1)."! In this study, Z-
transformation also known as the statistical
normalization method was utilized.

u Feature Selection (FS): In this study, Support
vector machine (SVM) based attribute weighting
method was used. The weighted attribute values
were normalized and ranked in descending order.

ARTIFICIAL NEURAL NETWORKS

Artificial neural networks (ANN) are one of the
important data mining and machine learning

approaches and have many useful properties for
the prediction and classification problems in
medical applications. Different ANN models
including multilayer perceptrons (MLP), radial
basis function network, etc. are capable of
predicting the desired target(s) owing to their
adaptive and flexible structure 2. In the current
study, a feed-forward ANN trained with a back
propagation algorithm (MLP) was constructed for
predicting the presence or absence of AF. The in-
put layer enclosed the selected attributes accord-
ing to the FS method, and the output layer in-
cluded the target attribute, AF. The ANN model
had 14 neurons in the hidden layer, and the sig-
moid activation function was employed in both
of the hidden and output layers. The learning
rate and momentum for the generated ANN were
0.3 and 0.2, consecutively.
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NAIVE BAYES

Naive Bayes (NB) methods implement the the-
orem of Bayes to estimate the most possible
target distribution based on the values of at-
tributes (features). A Naive Bayes classifier is so
fast for the calculation since it usually learns
by seeking each attribute space and related tar-
get once and classifies by regarding each target
and attribute-value pair once.!* Naive Bayes
approach is a very efficient model for data min-
ing owing to the supposition which all attrib-
utes are independent.!*!> In the current study,
in order for the prediction of AF, NB with La-
place correction was built based on the chosen
predictor attributes. Laplace correction was
utilized to avoid high influence of zero proba-
bilities.!®

LOGISTIC REGRESSION ANALYSIS

Logistic regression (LR) is of the
multivariate statistical methods that can be
used in classification tasks. This method is
applied when the dependent
discrete and the independent variables are both

one

variable is

discrete and continuous. In addition, there is
no assumption of normal distribution and
continuity of preconditions in this technique.
The effects of independent variables on the

dependent variable is determined as the
probability. LR is a method wused for
determining the association between the

dependent and independent variables.!”!® In
this study, employed
predicting AF based on the selected predictor

LR model was in

variables.

VOTING ENSEMBLE

An strategy
arrangement of base approaches from the training

ensemble-based constructs an
data and makes estimations by combining the
estimated outcome of each approach. The
predictive performance of an ensemble approach
is better than any of its base approaches. In
addition, an ensemble-based strategy can avoid the
overfitting issues and decreases the variability for
the predictive errors. The voting chooses the

assessed output by incorporating the predictive

results of diverse approaches. Firstly, each base
approach is constructed based on the training
dataset, and each is related to a weight and
evaluated by its predictive accuracy. Afterward, a
particular combination form is chosen for the
ultimate estimation for the output value.”” In the
present study, several base techniques, ANN, NB,
and LRA, were considered to construct the voting
ensemble strategy to improve the predictive
performance of AF. To this end, the predicted
target (i.e., the presence/absence of AF) was
identified by the combinations of the
aforementioned single approaches, and the
predictive results were evaluated based on the
performance measures.

DATA MINING

The CV method ensures to optimize for the
better predictive performance.? In addition, in
order to achieve the best predictive performance
from the generated models, NOCV was
optimized using Grid search (GS) technique in
this study. GS technique is a conventional meth-
od to optimize parameters. Additionally, it is one
of the most extensively utilized techniques to op-
timize hyper-parameter(s).??? For the tuning of
NOCV, all integers between 2 and 10 (including
2 and 10) were considered. Each result was
evaluated according to the values of accuracy and
area under curve (AUC). RapidMiner 6.3 for
Windows and IBM SPSS Statistics 22.0 for
Windows were used in all analyses.

PERFORMANCE EVALUATION

The receiver operating characteristic (ROC)
curve determines the predictive performance of a
two class approach for the several threshold
settings, and it is formed by plotting one minus
the specificity (the false positive rate) in the x-
axis against the sensitivity (the true positive rate)
in the y-axis. The overall accuracy is calculated
by the AUC of the ROC graph. In the medical
studies, AUC values >0.70 can be acceptable for
the model evaluation.?® In the present study, for
assessing the predictive performance, accuracy
and area under the ROC curve were considered
as evaluation index.
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I RESULTS

After removing the missing values and outliers,
this research consisted of 2694 subjects; 327
(12.1%) in AF group and 2367 (87.9%) in non-AF
group, respectively. Mean ages were 65.2 + 8.6
for AF group and 60.4 + 9.8 for non-AF group.
While 86 (26.3%) in AF group and 576 (24.3%)
in non-AF group were females, 241 (73.7%) in
AF group and 1791 (75.7%) in non-AF group
were males. In the current research, SVM based
feature selection approach was utilized. The se-
lected attributes after applying FS were presented
(Table 2).

The results of accuracy and AUC for each
optimal number of folds with respect to the
models based on Grid search were summarized
(Table 3). The largest accuracy of 87.8% for LR
was observed in the 8-fold CV. Similarly, voting
ensemble yielded the highest AUC value of 0.896
in the 10-fold CV. The highest accuracy and
AUC were 87.2% and 0.896 for voting, 87.8% and
0.729 for LR, 87.1% and 0.668 for ANN, and
79.4% and 0.675 for NB, consecutively.

I DISCUSSION

The primary objective of the current study was to
investigate the optimal NOCV on the prediction
of postoperative AF by several data mining
approaches using Grid search technique. To

TABLE 2: The selected attributes after FS.

=
o

Attributes

Obesity

Age

Body mass index

Length of hospital stay

Duration of stay in intensive care
Smoking

Carotid stenosis

Ventilation time

© oo N o OO B~ W D =

Chronic obstructive pulmonary disease

_
o

Family history

—
—

Bleeding revision

e
N

Hypertension

—_
w

Aneurysmectomy

—
>

The left main coronary artery

TABLE 3: The results of accuracy and AUC for each opti-
mal number of folds with respect to the models based on

Grid search.
Optimal number of
Model folds Accuracy (%) AuC
Voting 10 87.2 0.896
LR 8 87.8 0.729
ANN 3 87.1 0.668
NB 4 79.4 0.675
accomplish  this objective, various base

techniques, namely ANN, NB, and LRA, and
voting ensemble, were built for the prediction of
postoperative AF. When the accuracy was
considered in defining the optimal NOCV for all
the models, LR had the highest accuracy of
87.8% for 8-fold CV. Similarly, among the
optimal number of folds, Voting and ANN had
the accuracy values (87.2% and 87.1%) for
NOCVs of 10 and 3, respectively. In relation to
NB, the accuracy (79.4%) was obtained in the 4-
fold CV.

When  regarding AUC  values for
investigating the optimal NOCYV, the largest AUC
(0.896) was calculated from the voting ensemble
method for 10-fold CV. Other NOCV wvalues
having high AUC were 8 for LR, 4 for NB and 3
for ANN, respectively.

The second objective of the current study is
to evaluate the predictive performance of the da-
ta mining approaches in the prediction of postop-
erative AF. Among the ANN, NB, and LR models,
the largest accuracy (87.8%) was achieved from
LR. When the results of LR were compared to
Voting, LR had slightly higher accuracy; howev-
er, the AUC for voting method was considerably
higher. The area under the ROC curve is an an-
other indicator used for the performance evalua-
tion ?4. Therefore, the voting ensemble had the
best AUC (0.896). LR, NB and ANN models were
followed the prediction performance with re-
spect to the AUC values (0.729, 0.675 and 0.668),
respectively. Because AUC values higher than
0.70 can be acceptable for model evaluation in
the medical studies 2, the generated Voting and
LR models may be more useful in predicting
postoperative AF due to their AUC above 0.70.
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The subjects included in the present study
were retrospectively gathered from a medical
center. In addition, if the number of subjects was
much increased at the multiple medical centres,
better prediction results can be obtained from the
models. In addition, in future research, other en-
semble schemes such as boosting, bagging and
stacking, etc. can be tested for achieving more
accurate prediction performance.

The results of the current research
demonstrated that the constructed models
yielded different results for predicting

postoperative AF in the determination of the
optimal NOCV. Thus, for achieving more definite
results, it is recommended to determine the
optimal NOCV by optimization techniques, and

then, the identified optimal NOCV can be used
for the prediction or classification tasks. When
considering the predicted results, the voting
ensemble method outperformed the other three
models (ANN, NB and LR) for the prediction of
postoperative AF based on the performance
measures. The present prediction results clearly
demonstrated that the proposed voting was an
acceptable and promising approach for predicting
and thence,

postoperative AF, can support

clinicians in the clinical decision making.
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