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Introduction 
 

Incisional hernia is one of the most common com-
plications after abdominal surgery with an incidence 
rate of 11 to 20% post laparotomy. The impact in 
terms of Quality of Life (QoL) worsening and public 
health costs is relevant. Moreover, the recurrence of 

incisional hernia after surgical operation of incisional 
hernia repair has an incidence rate of 18 to 50% 
during the first post-operative year depending on 
some variables (1, 2). 

Particularly, many different factors can be con-
sidered as risk factors of incisional hernia recurrence 
such as the surgical technique performed, the use of 
a mesh, the anatomical site of the mesh positioning, 
the emergency regimen of the surgical operation, the 
presence of a dirty/contaminated surgical field, the 
oldness, the sex, the obesity, the diabetes mellitus 
type 2, the tobacco use, the malnutrition, the use of 
immunosuppressor, the chronic pulmonary disease, 
the ascites and the chronic anaemia (3). 
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plications after abdominal surgery with an incidence rate of 11 to 
20% post laparotomy. Many different factors can be considered as risk 
factors of incisional hernia recurrence. The aim of this study is to con-
firm and to validate the incisional hernia recurrence risk factors and 
to identify and to validate new ones. 

Methods. In the period from July 2007 to July 2017, 154 pa-
tients were selected and subjected to incisional hernia repair. The sur-
gical operations were conducted under general anaesthesia. Patients re-
ceived antibiotic prophylaxis when indicated, according to the hospital 
prophylaxis scheme. Inclusion criteria of the study were single operator 
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case studies and open laparotomy for incisional hernia repair. The sta-
tistical analysis proposed to identify and to verify the risk factors for re-
currence of incisional hernia is the Support Vector Machine (SVM). 
The analysis was conducted verifying 34 risk factors. 

Results. The data analysis confirmed the known correlations 
showed in the international literature with a greater incidence of co-
morbidities such as diabetes 37%, dyslipidaemia and hypercholestero-
lemia with a cumulative incidence of 16%; tobacco smoke - by com-
bining categories smokers and ex-smokers - reach 46%, COPD 16% 
and hypertension 51%. 

Conclusions. The analysis of the data therefore confirmed the 
correlations showed in the international literature. A KSVM-based sy-
stem to classify incisional hernia recurrence has been presented. The ty-
pe of prosthesis and the site of its implant also play a significant role in 
the development of the recurrence. Sensitivity (86,25%), Specificity 
(87,14%), Negative Predictive Value (84,72%), Precision 
(88,46%), Accuracy (86,67%), and Error (13,33%) scores obtained 
using the proposed technique highlight the validity for the relapse’s 
classification methodology. 

* The first and the second authors (Licari L and Salamone G) contributed to the writing of the manuscript in equal measure and must 
therefore be considered both of them the first authors.
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These factors were well defined in the past as risk 
factors for incisional hernia recurrence. The aim of 
this study is to confirm and to validate the risk factors 
mentioned above, and to identify and to validate new 
risk factors responsible of the recurrence.    

 
 

Patients and methods 
 
In the period from July 2007 to July 2017, 154 pa-

tients were selected and subjected to incisional hernia 
repair. The patients were subjected to surgical procedure 
at the Department of Surgical, Oncological and Oral 
Sciences - General and Emergency Surgery of the Poli-
clinico P. Giaccone of Palermo, University of Palermo. 
The surgical operations were conducted under general 
anaesthesia. Patients received antibiotic prophylaxis when 
indicated, according to the hospital prophylaxis scheme. 
Inclusion criteria of the study were single operator case 
studies and open laparotomy for incisional hernia repair. 
Kernel Support Vector Machine (KSVM) is the intelli-
gent data analysis and data mining proposed to identify 
and to verify the risk more significant factors for recur-
rence of incisional hernia. The analysis was conducted 
verifying 34 risk factors that are shown in Table 1. 

 

Intelligent data analysis and data 
mining 

 
The proposed intelligent data analysis and classi-

fication technique are based on machine learning al-
gorithms used to classify the proprietary University 
of Palermo Policlinico Hospital (UPPH) Dataset. 
The dataset is composed of 154 patients, each of one 
codified by 34 qualitative features and classifier into 
Positive for recurrence risk or Negative for recurrence 
risk by expert surgeons. The purpose of the study is 
reached developing an objective tool for incisional 
hernia affected patients classification, using a Kernel 
Support Vector Machine (KSVM) based technique. 
The proposed technique uses 103 vectors composed 
of 34 qualitative features used for KSVM training to 
identify incisional hernia recurrence; 51 vectors com-
posed of 34 qualitative features used to validate the 
proposed technique. In order to make reliable the 
classifier, generalized to other sets of independent 
data and to limit problems as over-fitting, without 
increasing the precision of final standings, the cross-
validation is integrated into the proposed technique. 
In Stratified K-fold cross-validation, the data set is 

TABLE 1  RISK FACTORS VERIFIED FOR RECURRENCE. 
 

Risk factors 

Age                                                                                                                                         Chevrel R 

Sex                                                                                                                                         Chevrel S 

Type of hernia                                                                                                                        Cardiovascular morbidities 

Urgency regimen of surgical operation                                                                                    Gastrointestinal morbidities 

Surgical technique adopted                                                                                                     Haepatic morbidities 

Anaesthesia                                                                                                                             Urinary morbidities 

ASA score                                                                                                                               Other surgical operations 

Height                                                                                                                                    Previous use of mesh 

BMI                                                                                                                                       Type of mesh 

Ethnicity                                                                                                                                Dimension of the mesh 

Job                                                                                                                                         Dimension of the defect 

Endocrine morbidities                                                                                                            Type of suture used 

Pulmonary morbidities                                                                                                           Drainage usage 

Chevrel M                                                                                                                              Post-surgical SSI 

Chevrel N                                                                                                                              Seroma formation 

Chevrel L                                                                                                                               Open surgery 

Chevrel W                                                                                                                              Technique used 
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divided into k equal subsets, and the holdout method 
is repeated k times. Each time, one of the k subsets is 
used as the validation set, and the other K-1 subsets 
are put together to form a training set. Then the av-
erage error across all K experiments is computed. In 
this work K has been empirically determined as 5 
through the trial-and-error method. 

 
 

Results 
 
The dataset is composed of 154 patients, 83 fe-

males and 71 males, mean age 60 y.o. and a mean 
BMI of 31 kg/m².  

The preparation for surgical operation evaluated 
the respiratory function - through chest X-ray, spirom-
etry and pneumological examination - the cardiac 
function - through electrocardiography and cardio-
logical examination - the metabolic indexes, the Amer-
ican Society of Anesthesiologists (ASA) score and the 
study of parietal defect by clinical examination sup-
plemented by CT scan and CT dynamic scan.  

The 3D reconstruction of the abdominal defect 
also allowed a better pre-operative evaluation of the 
most complex cases and made it possible to select the 
most suitable surgical procedure and prosthetic ma-
terials. 

The post-operative complications investigated were 
seroma formation and Surgical Site Infection (SSI). 

In 28 cases there was evidence of diabetes mellitus 
type 2 and obesity in 80 patients. 

Regarding cardiovascular disease, 70 cases had ar-
terial hypertension associated in 18 cases also with 
ischemic heart disease.  

Eighteen patients were smokers and 12 were ex-
smokers; 10 patients were affected by COPD; 21 
were affected by thyroid disorders. 

Among the various gastrointestinal disorders the 
most frequently diagnosed were: 11 jatal hernia, 7 
GERD, 6 sigmoid diverticulosis and 7 intestinal ob-
struction. 

Among the previous interventions to which pa-
tients have been subjected, the most commonly re-
ported were: cholecystectomy in 16 cases, hysterec-
tomy in 11 cases, colectomy in 11 cases, sigmoidec-
tomy in 10 cases, appendectomy in 9 cases. 

The localization of the fascial defects was xifopubic 
in 88 patients, umbilical in 21 patients, mesogastric 
in 2 cases, hypogastric in 5 cases, umbilical-pubic in 
16 cases, pararectal in 2 cases, 4 in trocar, 2 Spigelian 
hernia and subcostal in 8 cases. Of these cases, 44 

were urgent and 110 were with no signs of complica-
tions. In 14 cases the diagnosis was of “swiss cheese 
incisional hernia”. The average size of wall defects 
was 12 cm. 

In 12 patients it was possible to perform a direct 
suture of the defect; in the remaining cases a mesh 
was positioned to correct the wall defect. Of these, 
87 were positioned with IPOM technique, 4 retro-
muscular (Rives-Stoppa) and 2 preperitoneal. 

The general anaesthesia was performed in 141 
cases and 109 patients had an ASA score ≥ 3. The re-
maining 13 cases were performed in local anaesthe-
sia. 

Aspiration drains were placed upon the prosthesis 
and, if a broad dissection of subcutaneous tissue oc-
curred, also in the subcutis. The drainage removal 
was performed in 2nd post-operative day or when the 
drained volume was less than 50 ml/24h. 

KSVM was performed to verify the effectiveness 
of the method. The “Ground-Truth” for incisional 
hernia is the recurrence. The results showed that the 
proposed method achieves good performance in terms 
of correct/incorrect classification of patients.  

 
 

Discussion 
 
Currently, in state of the art, there are not SVM 

applications on medical data related to incisional her-
nia. The principal works on data and images classifi-
cation based on SVM are discussed. Comelli et al. 
(4) proposed a new technique for classification of pa-
tients affected by Crohn’s disease (CD). The proposed 
technique is based on a Kernel Support Vector Ma-
chine (KSVM) and it adopts a Stratified K-Fold Cross-
Validation strategy to enhance the KSVM classifier 
reliability. Son et al. (5) applied an SVM method for 
data classification. The SVM modelling is a promising 
classification approach for predicting medication ad-
herences in Heart Failure (HF) patients. This pre-
dictive model helps to stratify the patients so that ev-
idence-based decisions can be made and patients can 
be managed appropriately. Comelli et al. (6) presented 
a system to normal and abnormal tissue classification, 
using KSVM and k-nearest neighbor (KNN) method, 
in Positron Emission Tomography Oncological Stud-
ies. Zhang et al. (7) proposed a novel hybrid system 
to classify a given MR brain image as either normal 
or abnormal. 

The goal of the proposed system is to apply these 
methods to the incisional hernia features extracted 
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for classifying the patient into Positive for recurrence 
risk or Negative for recurrence risk. The description 
of algorithms and mathematical formalisms that are 
used in the proposed classification technique were 
described. The SVM presents an efficient algorithm 
and can represent complex non-linear functions. The 
most popular and most reliable SVMs are the kernel 
SVMs. Kernel SVMs have the following advantages 
(8): work very well in practice and have been remark-
ably successful in such diverse fields as natural language 
categorization, bioinformatics and computer vision; 
have few tunable parameters; training often involves 
convex quadratic optimization (9). 

This study attempts to demonstrate, based on the 
evidence of scientific literature, the existence of new 
possible correlations between risk factors and the de-
velopment of incisional hernia recurrence. 

The association between certain characteristics of 
the patient such as diabetes, chronic lung diseases, 
smoking, age and increased probability of recurrence 
was already studied in the guidelines for the prevention 
of the surgical site infection (SSI) in 1999. The study 
showed how the contribution of diabetes to the risk 
of SSI and recurrence is complex. There was a signif-
icant relationship between increasing levels of HgA1c 
and SSI.  

In addition, an increase in glucose levels (> 200 
mg/dl) in the postoperative period (48h) was associ-
ated with an increased risk of SSI. The infection is a 
risk factor for recurrence too. The infections in dia-
betics have a double risk.  

In DM there is also an alteration of lipid meta -
bolism and a decrease in abdominal wall tissue resis-
tance for ischemic and hypoxic phenomena responsible 
for wall fragility. The use of nicotine delayed the heal-
ing of the wound and may therefore increase the risk 
of SSI and the development of recurrence (10). 

Murariu et al. (11), in 2007, associated age, sex, 
obesity, pulmonary diseases and diabetes to the de-
velopment of recurrence. 

This data is related to the reduction of reticulin 
fibers and hyaline degeneration of collagen fibers. There 
was a recurrence 4 times higher in women (37.3%) es-
pecially if obese and with multiple pregnancies. Various 
mechanical factors have been associated with the de-
velopment of recurrence including: prolonged abdom-
inal distension in postoperative course (21%), probably 
because it is responsible for increased abdominal pres-
sure and cough (9%) that creates abdominal hyper-
tension by exercising a strong contraction of the di-
aphragm and abdominal muscles. 

Muresan et al. (10) conducted a study in 2016 
comparing the various abdominal plastic procedures 
and found an increasing of recurrence in onlay mesh 
positioning, especially if associated with changes in 
abdominal pressure and high post-surgical pain. 

In 2017 Hauters et al. (12) demonstrated a sig-
nificant recurrence increasing in subjects with BMI> 
35 (21% ), defect greater than 4 cm (27%), overlap 
<5 cm (32%), and mesh area/defect area <12 (48%). 
To understand better the pathophysiology of incisional 
hernia recurrence and in accordance with the evidences 
emerged from the previous studies, it was decided to 
investigate new possible criteria involved in the oc-
currence of the recurrence. 

A sample of 154 patients was enrolled in the study. 
The correlation with the type of surgical technique, 
the type of prosthesis, its positioning and the post-
operative complications were also evaluated. 

The data analysis confirmed the known correlations 
showed in the international literature with a greater 
incidence of comorbidities such as diabetes (37%), 
dyslipidaemia and hypercholesterolemia with a cu-
mulative incidence of 16%; tobacco smoke - by com-
bining categories smokers and ex-smokers - reach 
46%, COPD 16% and hypertension 51%. 

Patients with DM have a higher risk of SSI espe-
cially in open interventions. The infection is a risk 
factor independently for the development of this 
pathology, so the simultaneous presence of DM should 
increase the risk of recurrence. 

However, in our experience, in patients with dia-
betes mellitus type 2 who developed a recurrence only 
in 11 cases there was evidence of infection. 

The number of smokers with incisional hernia is 
high as reported by other studies on patients with ab-
dominal hernia. Several pathogenic mechanisms seem 
to be involved. Smoking and the hypoxia of peripheral 
tissues caused by it increase the risk of surgical wound 
infection and its dehiscence, presumably also by re-
ducing the oxidative killing of neutrophils, which 
constitute a critical defence against pathogens. 

In the surgical wounds of smokers there is a de-
crease in the deposition of collagen, with the reduction 
in the ratio between collagen I and III, often found 
in incisional hernia. COPD is likely that increase the 
risk of disease by the presence of persistent cough 
that results in violent abdominal contractions with 
tension development on wounds. The high incidence 
of benign prostatic hyperplasia may be correlated with 
the advanced age of subjects but it is also configurable 
with DM and dyslipidaemia to the complex metabolic 
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syndrome. The sex is also identified as a risk factor 
for recurrence with major incidence in females. BMI 
is not very different between the sexes, whereas there 
is a slight prevalence of infection in males possibly 
associated with greater cigarette smoking. The study 
also revealed a probable role in thyroid pathologies, 
hepatic disease, cirrhosis and steatosis, benign prostatic 
hyperplasia, and the presence of uterine fibroids in 
the development of pathology in the study. In our 
sample there was a high incidence of hyperthyroidism 
and nodules, the data could be related to the greater 
presence of women in the study specimen but also to 
a probable role of the immune system. Cirrhosis and 
liver disease were often associated, especially in ad-
vanced stages, with ascites leading to an increase in-
tra-abdominal pressure and increased wall tension. 

Benign prostatic hyperplasia seems to play a role 
because the increased prostate volume could increases 
the pressure in the abdominal cavity; similar mecha-
nism could be attributed to uterine fibroids, whose 
high incidence in the study can be attributed to the 
prevalence of female gender and advanced age. 

The greater incidence of xifopubic incisional hernia 
(57%) seems to confirm previous cases in which a 
higher frequency of recurrence in longitudinal inci-
sions was observed. The greater incidence (34%) of 
recurrence is shown in defects ranging from 5 to 10 
cm. The infection is a fearful complication, it is usually 
secondary to a suppurative infection of the surgical 
wound or to the devascularisation necrosis of the wall 
layers above the prosthesis. 

Sometimes contamination may also occur at the 
time of mesh positioning by contact with skin bacterial 
flora. In literature, the incidence is 2-10% after la-
parotomy and 0-2% after laparoscopy. To prevent 
this complication it is important to be careful in the 

skin disinfection and minimize the manipulation of 
the mesh. In the present study we have reported this 
complication in 30 cases, with a greater prevalence 
in male subjects (13-44). 

 
 

Conclusion 
 
A KSVM-based system to classify incisional hernia 

recurrence has been presented. The classification re-
sults on a UPPH Dataset of 154 vectors composed of 
34 qualitative characteristics extracted from expert 
surgeons were compared with the results of the data 
extrapolated from the clinical records. Sensitivity 
(86,25%), Specificity (87,14%), Negative Predictive 
Value (84,72%), Precision (88,46%), Accuracy 
(86,67%), and Error (13,33%) scores obtained using 
the proposed technique highlight the validity for the 
relapse’s classification methodology (Table 2). 

Moreover, classifier usability does not require any 
parameter setting and deep knowledge about the used 
learning machine technique. So, its degree of accep-
tance in medical practices is very high. 

The intelligent data analysis therefore confirmed 
the already obvious correlations showed in the inter-
national literature, it also revealed possible associations 
with other comorbidities such as thyroid, liver, gen-
itourinary and other interventions with the develop-
ment of incisional hernia recurrence. The type of 
prosthesis and the site of its implant also play a sig-
nificant role in the development of the recurrence.  

For the little number of patients considered, the 
low data collection and the high number of factors 
considered in the study despite the discreet sensitivity 
and specificity achieved, new studies are required to 
further investigate new correlations proposals. 

TABLE 2  VALIDITY FOR THE RELAPSE’S CLASSIFICATION METHODOLOGY. 
 
True Positive                             46,00%                                   Sensitivity                                           86,25% 

True Negative                           40,67%                                   Specificity                                           87,14% 

False Positive                             6,00%                                     Positive Predictive Value                     88,46% 

False Negative                           7,33%                                     Negative Predictive Value                   84,72% 

                                                                                               Accuracy                                             86,67% 

                                                                                               Precision                                             88,46% 

                                                                                               Error                                                  13,33% 
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