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Abstract
Background/Objective One of the most effective treatments for patients with obesity, albeit with some complications, is obesity
surgery. The aim of this study was to develop a clinical decision support system (CDSS) to predict the early complications of one-
anastomosis gastric bypass (OAGB) surgery.
Subjects/Methods This study was conducted in Tehran, Iran on patients who underwent OAGB surgery in 2011–2014 in five
hospitals. Initially, variables affecting the OAGB early complications were identified using the literature review. Patients’ data
were extracted from an existing database of obesity surgery. Then, different artificial neural networks (ANNs) (multilayer
perceptron (MLP) network) were developed and evaluated for prediction of 10-day, 1-month, and 3-month complications.
Results Factors including age, BMI, smoking status, intra-operative complications, comorbidities, laboratory tests, sonography
results, and endoscopy results were considered important factors for predicting early complications of OAGB. A CDSS was
developed with these variables. The accuracy, specificity, and sensitivity of the 10-day prediction system in the test data were
98.4%, 98.6%, and 98.3%, respectively. These figures for 1-month system were 96%, 93%, and 98.4% and for the 3-month
system were 89.3%, 86.6%, and 91.5%, respectively.
Conclusions Using the CDSS designed, we could accurately predict the early complications of OAGB surgery.

Keywords Obesity surgery . One-anastomosis gastric bypass . Early complications . Clinical decision support system . Machine
learning . Data mining . Artificial neural network

Introduction

Obesity is a major health problem worldwide [1]. According
to the World Health Organization (WHO), in 2016, about 2

billion people were at least overweight worldwide [2]. Obesity
may result in physical and psychological problems as well as
social and economic burdens, ischemic heart disease, hyper-
tension, type 2 diabetes, increased vulnerability to cancers,
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and a wide range of other diseases [3]. It is proved that dietary
treatments are not very effective for treatment of obesity in the
long run [4]. Nowadays, a variety of surgical techniques have
been developed and are considered the first choice for treating
obesity [5].

Different types of obesity surgery methods are used to treat
this condition including sleeve gastrectomy (SG), laparoscop-
ic adjustable gastric band (LAGB), duodenal switch, gastric
bypass (GB), and biliopancreatic diversion [4]. Gastric bypass
is performed with a variety of techniques, with one-
anastomosis gastric bypass (OAGB) being among the most
popular approaches [6]. In this technique, a very small portion
of the stomach is first separated and then, the small intestine is
anastomosed to the stomach about two meters after the Treitz
ligament [7]. Concerning its popularity, it has been shown that
the number of OAGB has considerably increased [2].
However, OAGB has various early complications such as
bleeding and hematoma [8], pulmonary embolism (PE),
wound infection, biliary reflux, leakage, and malnutrition
[9]. The early complication rate is about 3.4% among patients
[8].

A variety of different factors such as gender, age, and co-
morbidities may contribute to the occurrence of the early post-
surgery complications which should be considered before the
surgery [10]. Indeed, decisions about the surgery should be
made taking these factors into account [11]. Timely and accu-
rate diagnosis or prediction of these complications is difficult.
However, prediction of complications before the surgery may
reduce them significantly after operation [12].

There are few studies regarding prediction of post-surgery
complications in patients with obesity. Chiappetta et al. devel-
oped a tool, Edmonton obesity staging system (EOSS), for
classifying patients with obesity into five grades and four de-
grees based on their clinical, mental, and functional character-
istics [13]. In another study, Janik et al. developed a statistical
prediction model and calculator for hemorrhagic complica-
tions after laparoscopic sleeve gastrectomy (LSG). They con-
cluded that this model could help in surgical decision-making,
choosing the best surgeons, and predicting hemorrhagic com-
plications after LSG [14]. In another study, Gupta et al. devel-
oped a calculator for bariatric surgery morbidity risk and con-
cluded that predicting complications before surgery using this
system may result in fewer complications, as well as greater
patients’ and physicians’ satisfaction [15]. Furthermore,
Coblijn et al. evaluated an obesity surgery mortality risk score
for the prediction of post-operative complications after prima-
ry and revisional laparoscopic Roux-en-Y gastric bypass.
They found a significant relationship between re-operation
and development of severe complications and mortality [16].

Clinical decision support systems (CDSS) are computer-
ized programs that use machine-learning algorithms, artificial
intelligence (AI), risk models, or other methods to help phy-
sicians make accurate and appropriate decisions. These

systems may also be used to predict complications of a disease
[17–19]. In spite of the abovementioned well-developed risk
and prediction models in the field of obesity, to the best of our
knowledge, there are no reported risk models or CDSS to
predict the early complications of OAGB. Therefore, our
aim is to develop and evaluate a novel CDSS based on ma-
chine learning and AI techniques to predict the early compli-
cations of this surgery at 10 days, one month, and three
months post-operation.

Materials and Methods

Study Design and Settings

This cross-sectional study was retrospectively performed in
Tehran, Iran on patients with obesity undergoing OAGB in
five hospitals including Rasoul-e-Akram, Mohebe Yas Kosar,
Farmanieh, Bahman, and Milad. These hospitals varied in
terms of educational and governmental status. This study
was conducted in two phases. In the first phase, for identifying
the influential factors, we conducted a literature review and
expert survey. Then, in the second phase, we collected data
about these factors, developed the CDSS, and evaluated the
system.

Definition of Early Complications

We defined complications as any conditions or symptoms
occurring after OAGB resulting in re-admission or identified
in the follow-up visits after surgery. These complications in-
cluded gut perforation, liver injury, bleeding, splenic injury,
major vessel injury, leak, obstruction, wound infection, intra-
abdominal abscess, and PE. Because of the limited number of
each complication in our database, we defined a complicated
patient as a patient who has at least one of these complications
at 10-day, 1-month, or 3-month follow-up visits separately.

Variable Identification

To identify the most important variables, we first searched
Pubmed, Scopus, and Google Scholar (Supplementary
Table S1 and Fig. S1). Our inclusion criteria were the articles
published in Persian or English in 2010–2017, the articles
with available full text, and those focusing on the OAGB early
complications. The articles related to other bariatric surgery
methods, letters to editors, and non-peer reviewed papers were
excluded. Then, the variables affecting the early complica-
tions of OAGB were extracted from the final selected articles.

To select the most important factors, we first considered the
most cited ones. Then, we developed a questionnaire includ-
ing questions about the importance of each factor. The ques-
tionnaire was sent to all 26 obesity surgeons in Tehran. They

OBES SURG (2019) 29:2276–2286 2277



were asked to rank each factor based on a five-point Likert
scale. Factors with at least 70% agreement among the sur-
geons were finally selected for analysis.

Patient Selection and Data Collection

We extracted the data from the database of the National
Obesity Surgery Registry. The abovementioned five hospitals
are participants of this registry. This registry records the pre-
surgery, intra-operative, and post-surgery data. We extracted
data of patients who had these following inclusion criteria: (1)
an OAGB surgery from 2011 to 2014 in the mentioned hos-
pitals, (2) one-year post-surgery follow-up visits, and (3) the
patients whose complications were diagnosed by their physi-
cians (not those recorded via phone call follow-up visits).
Finally, 1509 records were extracted; however, patients with
missing data about complications were excluded.

Data Pre-processing

We first developed some models on the original data; howev-
er, because of some errors in data, the performance of the
models was not appropriate. Therefore, in order to achieve
the best models, we conducted some well-defined pre-pro-
cessing techniques.

Imputing Missing Values

Imputing missing variables is a well-documented method to
improve the accuracy of machine learning algorithms. To this
end, there are many methods such as replacing the mode,
mean, or mean of a group [18, 20]. In this study, for the
variables, there was no significant relationship between two
classes (complicated and non-complicated patients), and as
such the missing values were replaced with the category hav-
ing the highest frequency (categorical data) or mean (numer-
ical data). However, if there was a significant difference, we
replaced the missing values with the mean of each class for
numeric values and the frequency of each class for non-
numeric values [20]. We excluded the surgery duration and
Vit D3 and did not impute the missing values of these factors
because of the many missing values.

Data Balancing

Our database was imbalanced in terms of the frequency of
records in each class. Therefore, in order to balance the data,
the synthetic minority over-sampling technique (SMOTE)
was employed. This method adds some artificial data to the
previous data [21]. After using software R version 3.2.3 for
data balancing, the data for 10-day network reached 2970,
while for 1-month and 3-month networks, they amounted to
5877.

Model Development

One of the AI algorithms which can be used to develop CDSS
systems is artificial neural networks (ANNs). These networks
are inspired by natural neural networks and process the input
data via neural processing units in a parallel way [22]. It has
been proved that ANN is a suitable technique for data model-
ing as their accuracy and precision are greater than those of
traditional statistical methods and other machine learning al-
gorithms. In addition, many CDSSs have been successfully
developed using these networks in medicine [18, 23]. ANNs
have many different types [24], out of which we selected the
multilayer perceptron (MLP) networks as our training algo-
rithm since they usually outperform other techniques on
healthcare data [18, 25–27].

We built different ANNs to predict the occurrence of com-
plications at 10-day, 1-month, and 3-month periods post op-
eration. The collected data were randomly divided into test
(15%), validation (15%), and training (70%) datasets. The test
data was used for evaluation, the validation data for validating
the model, and the training data for training the networks.
Varieties of networks were developed based on different to-
pologies via trial and error, and finally, the most appropriate
networks were selected for developing the CDSS.

Statistical Analysis

We used the Statistical Package for the Social Sciences (SPSS)
software version 20 in order to analyze the data. Univariate
analyses were performed by the independent sample t test and
chi-square. We considered the P value ≤ 0.05 as significant.

Evaluation of Model Performance and Developing
the CDSS

We evaluated our networks’ performance by the cross-entropy
error, confusion matrix, accuracy, specificity, and sensitivity.
Furthermore, we utilized the receiver operating characteristic
(ROC) curve and the area under curve (AUC). Maximization
of AUC indicates a better model. All evaluation metrics were
calculated using standard methods [20, 28]. Finally, we devel-
oped a graphical user interface (GUI) so that bariatric sur-
geons can use the system. All of the models and the GUI were
developed and evaluated using the MATLAB software (ver-
sion R 2013a).

Ethical Considerations

The protocol of this study was reviewed and approved by the
ethics committee of Iran University of Medical Sciences,
Tehran, Iran (Code: IR.IUMS.REC 1395.9311304002).
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Results

The Included and Excluded Variables

We reviewed 26 articles [6, 9, 10, 15, 16, 29–49] to identify
the factors that may result in OAGB complications (Table 1).
Twenty surgeons participated in our survey (response rate =
76.9%). Among them, 60% were aged 45 years or older and
50% had more than 10 years of working experience.

According to the survey results, the most important
factors were age, weight, BMI, bilio-pancreatic obstruc-
tion, duration of surgery, smoking status, malnutrition,
open surgery, obesity, intra-operative complications (gas-
trointestinal perforation, splenic injury, liver injury, major
vessel injury, bleeding, death, and other events), comor-
bidities (cardiovascular disease, pseudotumor cerebri
(PTC), psychological problems, CVA, sleep apnea, and
deep-vein thrombosis (DVT)), laboratory tests (hemoglo-
bin (Hb), hematocrit (HCT), platelet count (PLT), ferritin,
FBS, HbA1C, Choles, ALB, Vit B12, and Vit D3), sonog-
raphy (cholelithiasis and fatty liver), and endoscopy (hia-
tal hernia, ulcer, helicobacter, polyps, esophagitis, and co-
lumnar epithelium).

The weight was not included in the models due to their
inclusion in the BMI formula. In addition, surgery method
was not included as the numbers of laparoscopic method
(N = 1491) and open surgery (N = 2) were not balanced.
Vit D3 and surgery duration was also excluded in the
models because of the many missing values. We developed
and tested different models based on different sets of these
input variables and finally selected the set of variables with
the best performance.

The Patients’ Descriptive Data

The mean age, height, weight, and BMI of patients was
38.70 years, 164 cm, 124.38 kg, and 46.04 kg/m2, respective-
ly. Additionally, the mean duration of surgery was 70.13 min.
Mortality was nihil. Most patients were non-smokers (81%)
and did not have any intra-operative complications (97.6%) or
comorbidities (59.4%). Gastrointestinal perforation (0.7%)
and psychiatric problems (31.5%) were the most common
intra-operative complications and comorbidities, respectively.
Sonography of the most patients was abnormal (84.4%).
Additionally, most patients had at least one abnormality in
their endoscopy (67.9%). Other descriptive data are presented
in the supplementary tables (Tables S2 and S3).

At 10-day, 1-month, and 3-month periods, the majority
of patients did not suffer from any symptoms of vomiting,
diarrhea, constipation, dumping syndrome, smelly stool,

gastroesophageal reflux, inappropriate connection of arter-
ies and veins, cholelithiasis, dry skin, hair loss, and wound
infection. Additionally, no patient suffered from protein de-
ficiency and incisional hernia. At 10-day and 1-month pe-
riods, the most frequent complications were constipation
and hair loss, respectively (Table 2).

The Comparison Between Two Groups

Univariate analysis showed that there were no significant dif-
ferences in age, BMI, hemoglobin (Hb), HCT, ferritin, FBS,
albumin, and Vit B12 in complicated and non-complicated
patients at 10-day, 1-month, and 3-month follow-up visits.
Smokers had significantly more post-surgery complications
at 1-month follow-up visits. Patients with higher PLT had
more post-surgery complications at 10-day (P value =
0.001), 1-month, and 3-month follow-up visits (P value <
0001). Furthermore, patients with ulcer (P value = 0.001)
and helicobacter (P value = 0.05) had more post-surgery com-
plications at 10 days after surgery. At 1-month follow-up
visits, patients with no psychiatric problems had fewer com-
plications (P value = 0.025). There were no other significant
differences between the two groups of patients in terms of
other variables.

The Networks and Their Evaluation

The 10-Day MLP Network

Different sets of variables were selected as inputs and
finally, the network with 32 variables (features) including
age, BMI, smoking status, intra-operative complications
(gastrointestinal perforation, splenic injury, liver injury,
major vessel injury, bleeding, and other events), comor-
bidities (cardiovascular disease, PTC, psychological prob-
lems, CVA, sleep apnea, and DVT), laboratory tests (Hb,
HCT, PLT, ferritin, FBS, HbA1C, Choles, ALB, and Vit
B12), sonography results (cholelithiasis and fatty liver),
and endoscopy results (hiatal hernia, ulcer, helicobacter,
polyps, esophagitis, and columnar epithelium) had the
best performance among other networks developed to pre-
dict 10-day complications. The best performance of this
network was found in the validation data in Epoch 84
(0.03993). In addition, the AUC for this network was
equal to 0.996. Figure 1 demonstrates the ROC curve in
test data. Based on the confusion matrix, the accuracy,
specificity, and sensitivity of this network in test data
were 98.4%, 98.6%, and 98.3%, respectively. Other re-
sults are presented in the Table 3.
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The 1-Month MLP Network

The input variables for the 1-month network were exactly the
same as those of the 10-day network where the output variable
was 1-month early complications. The best performance of
this network was found in the validation data in Epoch 168
(0.021275). In addition, the AUC for the selected network was
equal to 0.995. Figure 2 displays the ROC in the test data. For
1-month MLP network, the accuracy, specificity, and

sensitivity in the test data were 96%, 93%, and 98.4%, respec-
tively (Table 3).

The 3-Month MLP Network

The input variables for the 3-month network were exactly
the same as those of the 10-day and 1-month networks, with
the output variable being 3-month early complications. The
best performance of the 3-month early complication

Table 1 Risk factors identified by
literature review Number Risk factors References

1 Comorbidities [9, 10, 16, 33, 34, 36, 41, 43, 45, 47, 49, 50]

2 Intra-operative complications [6, 39, 44, 49]

3 Body mass index [9, 15, 16, 45]

4 Age [6, 10, 16, 33]

5 Gender [10, 16, 33]

6 Surgery duration [32–34]

7 Weight [9, 33]

8 Open surgery [44, 49]

9 Laboratory tests and their results [10, 34]

10 Surgery difficulty [34, 36]

11 The patient immobility [32, 33]

12 Bilio-pancreatic obstruction [29]

13 Smoking [4]

14 Large intestine hole [49]

15 Malabsorption [35]

16 Shortness of the biliopancreatic limb [41]

17 Obesity [45]

18 Endoscopy results [10]

19 Long length of the Jejunum [46]

20 Inflammation [48]

21 History of cancer [10]

22 Surgeon’s skill and experience [30]

23 Tissue manipulation [45]

24 Early postoperative ambulation [39]

25 Malnutrition [49]

26 More anastomosis [36]

27 The lack of HCL in stomach [34]

28 Menstrual disorders [34]

29 Non-alcoholic liver disease [34]

30 Vegetarianism [34]

31 Menstrual disorders [34]

32 Diabetic nephropathy [34]

33 Port-site incarceration of the small bowel [31]

34 Traumatic injury to the afferent loop [31]
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network was found in the validation data in Epoch 225
(0.04922). Furthermore, the AUC for the selected 3-month
MLP network was equal to 0.931. Figure 3 reveals the ROC
in test data. For 3-month MLP network, the accuracy, spec-
ificity, and sensitivity were 89.3%, 86.6%, and 91.5%, re-
spectively (Table 3).

Graphical User Interface of the System

We built a GUI for physicians to use the system for predicting
the OAGB complications. This program consists of seven
input sections including personal variables, smoking status,
intra-operative complications, comorbidities, laboratory tests,

Table 2 Distribution of the post-surgery complications among patients before pre-processing

Post-surgery complications Follow-up

Vomiting 10-day 1-month 3-month
Yes 16 (1.1) 67 (4.4) 76 (5.0)
No 1421(94.2) 1358 (90.0) 1256 (83.2)
Missing 72 (4.8) 84 (5.6) 177 (11.7)

Diarrhea Yes 43 (2.8) 83 (5.5) 75 (5.0)
No 1394(92.4) 1342 (88.9) 1257 (83.3)
Missing 72 (4.8) 84 (5.6) 177 (11.7)

Constipation Yes 98 (6.5) 231 (15.3) 90 (6.0)
No 1339(88.7) 1194 (79.1) 1242 (82.3)
Missing 72 (4.8) 84 (5.6) 177 (11.7)

Dumping syndrome Yes 1 (0.1) 12 (0.8) 13 (0.9)
No 1436(95.2) 1413 (93.6) 1319 (87.4)
Missing 72 (4.8) 84 (5.6) 177 (11.7)

Smelly stool Yes 47 (3.1) 124 (8.2) 221 (14.6)
No 1390(92.1) 1301 (86.2) 1111 (73.6)
Missing 72 (4.8) 84 (5.6) 177 (11.7)

Dilatation of esophagus Yes 0 (0) 0 (0) 0 (0)
No 1437(95.2) 1425 (94.4) 1332 (88.3)
Missing 72 (4.8) 84 (5.6) 177 (11.7)

Gastroesophageal reflux disease (GERD) Yes 0 (0) 3 (0.2) 2 (0.1)
No 1437(95.2) 1422 (94.2) 1330 (88.1)
Missing 72 (4.8) 84 (5.6) 177 (11.7)

Stomach ulcer Yes 1 (0.1) 1 (0.1) 1 (0.1)
No 1436(95.2) 1424 (94.4) 1331 (88.2)
Missing 72 (4.8) 84 (5.6) 177 (11.7)

Anastomotic stricture Yes 0 (0) 1 (0.1) 1 (0.1)
No 1437(95.2) 1424 (94.4) 1331 (88.2)
Missing 72 (4.8) 84 (5.6) 177 (11.7)

Incisional hernia Yes 0 (0) 0 (0) 0 (0)
No 1437(95.2) 1425 (94.4) 1332 (88.3)
Missing 72 (4.8) 84 (5.6) 177 (11.7)

Cholelithiasis Yes 0 (0) 0 (0) 2 (0.1)
No 1437(95.2) 1425 (94.4) 1330 (88.1)
Missing 72 (4.8) 84 (5.6) 177 (11.7)

Dry skin Yes 18 (1.2) 175 (11.6) 223 (14.8)
No 1419(94.2) 1250 (82.8) 1109 (73.5)
Missing 72 (4.8) 84 (5.6) 177 (11.7)

Hair loss Yes 10 (0.7) 105 (7.0) 438 (29.0)
No 1427(94.6) 1320 (87.5) 894 (59.2)
Missing 72 (4.8) 84 (5.6) 177 (11.7)

Wound infection Yes 2 (0.1) 0 (0) 3 (0.2)
No 1435(95.1) 1425 (94.4) 1329 (88.1)
Missing 72 (4.8) 84 (5.6) 177 (11.7)

Protein deficiency Yes 0 (0) 0 (0) 0 (0)
No 1437(95.2) 1425 (94.4)
Missing 72 (4.8) 84 (5.6) 177 (11.7)

Total frequency* Yes 198 (13.1) 559 (37.0) 653 (43.3)
No 1239(82.1) 865 (57.3) 679 (45.0)
Missing 72 (4.8) 84 (5.6) 177 (11.7)

*At least one complication during 10-day, 1-month, or 3-month period. In addition, the numbers in the paranthesis show the percentage
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sonography, and endoscopy results, and an output section
consisting of OAGB early complications. Users can enter
the variables listed as inputs, and then receive the outputs in
terms of three-period early complications of OAGB surgery
(Fig. 4).

Discussion

Initially, we identified several important factors for devel-
oping the networks and finally selected 32 features for
modeling the occurrence of complications. For example,
several studies emphasized age as an effective factor in the
occurrence of OAGB complications [6, 10, 16, 33]. The risk
of morbidity and mortality is higher in people aged 45 years

old or over [16]. Additionally, patients with a BMI ≥ 50 are
considered at a higher risk of developing post-surgery com-
plications [9, 15, 16, 45]. Although these factors are impor-
tant, we did not see any difference between the two groups
with and without complications; nonetheless, we included
them in our prediction system.

We considered comorbidities such as cardiovascular dis-
ease, PTC, psychological problems, CVA, sleep apnea, and
DVT in our networks. Previous studies have shown that
comorbidities may result in the onset of post-operative com-
plications after OAGB [9, 16, 33, 34, 36, 41, 43, 45, 47, 49,
50]. Specifically, DVT [33, 45, 47], sleep apnea [9, 33, 47,
49], CVA [10], PTC [49], psychiatric problems [41], and
cardiovascular disease [45, 47] are among the most effec-
tive factors. Ignoring any of these diseases before surgery
can lead to complications after the surgery [9, 45].

Paying attention to the results of the laboratory tests be-
fore surgery is important [10, 34]. Typically, the results of
the closest test to the surgery time are the most important
thing to consider. We found that patients with higher PLT
had more post-surgery complications in all follow-up pe-
riods. Based on our analysis, we finally included laboratory
tests such as HBA1C, Hb, FBS, HCT, PLT, Alb, VitB12,
ferritin, and choles before the surgery in our CDSS.
Meanwhile, smoking is considered a major contributor to
the complications of OAGB surgery [9, 45, 51]. For exam-
ple, smokers may have problems with post-surgery wound
healing [51]. In addition, in our study, there was a signifi-
cant relationship between smoking status and post-surgery
complications. Specifically, smokers had significantly more
post-surgery complications at 10-day and 1-month follow-
up visits.

Intra-operative complications are recognized as a very
effective factor for post-operative OAGB complications.
According to some studies, intra-operative complications
including gastrointestinal perforation, splenic injury, liver
injury, major vessel injury, bleeding, and other events are
the causes of post-operative complications [6, 35, 44, 49].
Nevertheless, we did not find any significant relationship
between intra-operative and post-surgery complications.

Fig. 1 The ROC curve of the 10-day complication prediction model in
test data

Table 3 Evaluation results of the final selected networks

10-day network 1-month network 3-month network

Train data Test data Validation data Train data Test data Validation data Train data Test data Validation data

Sensitivity 99.4 98.3 100 98.5 98.4 99 95.5 91.5 92.2

Specificity 97.4 98.6 95.4 95.2 93 95.7 88.8 86.6 89.4

Accuracy 98.5 98.4 97.8 97.1 96 97.5 92.5 89.3 90.9

All numbers are in percent
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Only 30 patients (2%) had some types of intra-operative
complications. Among them, a limited number of patients
had post-operative complications. All these indicate the rea-
son why we did not find this association. However, we in-
cluded intra-operative complications in our CDSS because
of their importance.

Predicting post-surgery complications by considering all
of the abovementioned factors is difficult. However, the
system developed in this study can predict the early com-
plications with the accuracy of 98.4% in the test data of the
10-day MLP network, 96% in the one-month network, and
89.3% in the 3-month network. There are previous studies
on classification of patients with obesity, prediction of post-
surgical death and complications, success rate in weight
loss, and surgery in patients [13, 14, 16, 44]. However, none
of them focused on prediction of early complications of
OAGB surgery.

Using this practical system, surgeons can easily input the
required data into the system and receive the results for 10-
day, 1-month, and 3-month prediction, separately. If this
CDSS is used correctly, it may have many benefits for pa-
tients including reducing post-operative early complica-
tions, preventing re-operations and re-admission of pa-
tients, saving patients’ time and money, and increasing pa-
tient safety. Furthermore, it may also be beneficial to

identify and prioritize patients with obesity prior to the sur-
gery thereby screening the patients with more critical con-
ditions more quickly and accurately and operating them
faster accordingly. This system may also result in improved
physicians’ decision-making process, ensuring the preci-
sion and the accuracy of the decisions made, saving the
physicians’ time, reducing their workload, and generally
improving their performance [13, 14, 16].

Study Limitations and Future Studies

The results of this study should be interpreted considering
some limitations. First, the system was not implemented and
evaluated in a real situation. Indeed, our evaluation was retro-
spective. Therefore, future studies should focus on implemen-
tation of this system and evaluation of its impact on patients’
outcomes prospectively.

Second, we only had access to the data of surgeons with
high surgical skills (more than 10 years experience) and the
data of surgeons with less experience were not included in
our data modeling. Therefore, we could not include any data
about surgeons’ experience in our model. In future, consid-
eration of more data from a variety of surgeons and includ-
ing the surgeons’ skill in data modeling may be beneficial.

Fig. 2 The ROC curve of the 1-month complication prediction model in
test data

Fig. 3 The ROC curve of the 3-month complication prediction model in
test data
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Further, our data were not balanced in the two groups of
patients; therefore, we balanced it via producing artificial
data using SMOTE technique. We compared the results of
networks we developed with the original (imbalanced) data
with the selected networks and found that the SMOTE tech-
nique enhanced the performance of networks. Although this
method is a well-defined technique in machine learning
[21], we recommend that the study should be replicated with
a data set which is more balanced.

Also, some studies have indicated that longer duration of
the procedure may have a correlation with postoperative
complications [32–34]. The reason is that it may increase
the need for anesthetic substance as well as the incidence of
pulmonary complications including PE and DVT, pneumo-
nia, and respiratory failure [32]. However, because of high
missing values, we did not include this variable in our mod-
el. Including this variable in future studies may improve our
results.

In addition, we could not predict complications individ-
ually, and we just considered total complications. It is sug-
gested that a larger data set should be used in future studies
in order to predict every single complication. Further, we
just used MLP technique for data modeling. Although, var-
ious studies conducted on the comparison between the MLP
and other methods suggest that the MLP networks far out-
perform other methods in prediction, classification, and de-
tection [26, 27], further studies using other techniques are
recommended. Eventually, our system is not available on-
line for physician use at the time of this publication.
Developing a web-based system based on our results is rec-
ommended. Additionally, developing CDSS for predicting

1-year post-surgery OAGB complications and predicting
complications of other obesity operations are also
suggested.

Conclusion

Thirty-two variables including age, BMI, smoking status,
intra-operative complications (gastrointestinal perforation,
splenic injury, liver injury, major vessel injury, bleeding,
and other events), comorbidities (cardiovascular disease,
PTC, psychological problems, CVA, sleep apnea, and
DVT), laboratory tests (Hb, HCT, PLT, ferritin, FBS,
HbA1C, choles, ALB, and Vit B12), sonography results
(cholelithiasis and fatty liver), and endoscopy results (hiatal
hernia, ulcer, helicobacter, polyps, esophagitis, and colum-
nar epithelium) were considered important factors for
predicting early complications of OAGB. The CDSS devel-
oped in this study has a good performance and may predict
the early complications of OAGB surgery. It may help sur-
geons make decisions on how to manage the surgery
process.
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