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ABSTRACT   
 

Background and Objectives. Hernia recurrence is still a great challenge for 

surgeons regarding the optimal surgical technique, the best alloplastic material 
and the management of risk factors (advanced age, female sex, body mass index, 

smoking, diabetes, the presence of connective tissue disorders, chronic cough, 

etc.). The present study attempts to assess the impact of these factors in hernia 
recurrence, as well as the integration of the prosthetic material at the tissue level, 

in order to reduce possible postoperative complications. Material and Methods. 

A retrospective study was performed on 108 patients operated (between January 
2012 and December 2022) for recurrence of inguinal, umbilical and incisional 

hernias. Demographic data and comorbidities were analyzed in relation to hernia 

recurrence. Fragments of unintegrated and well-fitted mesh were sampled and 
examined microscopically to assess tissue-level implications. Results. The 

strongest factors associated with hernia recurrence were obesity (p=0.001), 

diabetes mellitus (p=0.003), high blood pressure (p=0.003) and atrial fibrillation 

(p=0.044). Microscopic analysis of unintegrated mesh fragments revealed the 

presence of foreign body granulomas and predominance of thin fibrillar type 3 

collagen, whereas well-integrated material showed thick type I collagen fibers 
and low inflammatory infiltrate. Conclusions. Insufficient oxygen supply, an 

altered inflammatory response, and diminished proliferative capacity during the 

wound healing stages resulted in abnormalities in the development of mature 
granulation tissue. Therefore, to reduce the risk of hernia recurrence, it is 

essential to have a surgical treatment that must manage all these possible factors.  
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Introduction  

Primary hernia repair and incisional hernia is the most 

common abdominal surgery performed by general 

surgeons, as this pathology is the consequence of multiple 

medical, surgical or traumatic injuries to the abdominal 

wall [1]. Hernia recurrence is a distress for the patient and 

still represents a great challenge for surgeons in terms of 

optimal surgical technique and the ideal alloplastic 

material used to prevent further complications. Based on 

anatomical distribution, abdominal hernias are catalogued 

by the World Society of Emergency Surgery (WSES) into 

ventral hernias and groin hernias, each with corresponding 

subcategories [2]. The prevalence of ventral abdominal 

hernia is increasing, accounting for about 1 in 5 adults in 

Australia [3], an estimated 34,000 patients in France [4] 

and over 500,000 cases per year in the USA [5]. Groin 

hernias occur even more frequently, with more than 20 

million cases worldwide of surgically treated inguinal 

hernias reported annually by the HerniaSurge Group [6]. 

The estimated costs for both procedures of hernia repair in 

the USA are about 10 billion $ per year, an amount that 

increases with hernia recurrence and therefore the need for 

reintervention [7]. The estimated recurrence rate after 

incisional hernia repair is ranged between 15 to 20% [8], 

whereas relapse of groin hernia repair is generally lower, 

ranging from 1% to 15% [9]. 

Incisional hernia is a frequent complication following 

laparotomies, most likely due to relaxation of suture tension 

over time and altered collagen metabolism [1]. Multiple risk 

factors have been incriminated in the occurrence of hernia 

recurrences, which can be categorized into preoperative 
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(patient-related), intraoperative (surgical technique) and 

postoperative (complications) indicators [10]. Preoperative 

predictors involve clinical and demographic characteristics of 

the patient such as older age, female gender, body mass index 

(BMI) > 30kg/m2, smoking, diabetes mellitus, presence of 

connective tissue disorders, chronic cough, steroid use and 

previous chemotherapeutic treatment [10,11]. Intraoperative 

variables refer to the surgical procedure itself. The choice of 

surgical approach (open or laparoscopic), the specific 

technique used for mesh placement, selected type of mesh and 

the surgeon's experience and skill can influence the recurrence 

rate. Postoperative complications may arise during the 

recovery period after surgery. Surgical site infections, the 

formation of seromas or hematomas, poor wound healing, 

chronic pain and excessive physical strain on the abdominal 

muscles can all contribute to an increased risk of hernia 

relapse [10,11]. It is important to remember that the presence 

of these predictors does not guarantee the recurrence of the 

hernia, but only increases its probability. Therefore, to minimize 

the risk of relapse, it is crucial to have proper patient selection 

and management, a skilled surgical team, appropriate operating 

technique and careful postoperative care. 

Since patient-related factors are hardly influenced, 

attention has been focused on the surgical technique, the type 

of mesh used and its method of fixation in order to reduce 

the risk of recurrence. The main objective of using a mesh in 

hernia repair is to create a supporting structure that facilitates 

the colonization of native tissue through fibrotic reactions 

[12]. Currently, there are three primary types of meshes 

available for hernia repair on the market (synthetic, 

biological and composite), each with benefits and drawbacks 

in providing reinforcement and promoting tissue ingrowth 

[1]. Open or laparoscopic approach in accordance with mesh 

placement are also important considering the pressure 

exerted in different parts of the abdominal wall or stress 

developed on certain organs. Sanders et all. defined 5 

essential criteria for an ideal implant: biocompatibility, 

reduced risk of infection, easy and low-cost manufacture, 

handling convenience and longevity [13]. Although the 

mesh materials are inert from a physical and chemical 

standpoint, it is important to consider the potential foreign 

body reaction and its consecutive inflammatory response 

[14]. In the early stages of wound healing, during the 

inflammatory and proliferative phases, collagen type III is 

produced and deposited providing temporary structural 

support. During the remodeling phase, immature collagen is 

gradually replaced with type I collagen leading to an 

organized, strong and stable new matrix [15]. In individuals 

with parietal defects the healing process is disrupted, 

resulting in an imbalance in the ratio of collagen type 1 to 

collagen type 3 within the abdominal wall, leading to mesh 

instability [16]. Poor postoperative management can result 

in wound complications which not only extend the recovery 

period, but can compromise the alloplastic material, which 

may require reintervention. 

Materials and Methods 

The present study attempts to evaluate the implications 

of multiple risk factors (patients’ comorbidities) on hernia 

recurrence and to analyze how the prosthetic material is 

integrated at the tissue level.  

After obtaining Institutional Board Ethics Approval, a 

retrospective study was performed including 108 patients 18 

years and older operated for recurrence of inguinal, umbilical 

and incisional hernias between January 2012 and December 

2022 at Dr. Carol Davila Hospital, Department of Surgery and 

Clinical Nephrology Hospital, Bucharest, as presented in 

Figure 1. Our hospital is not an exclusive herniorrhaphy center 

and performs an average of 120 interventions for parietal 

defects per year. All cases were surgically treated according 

to the `tension-free` principle with placement of alloplastic 

synthetic material. Relevant exclusion criteria were clinical 

follow-up of less than 1 year, emergency surgery with 

strangulated herniated organs, parastomal hernias and patients 

with positive signs of malignancy after 5-year oncologic 

surgical and adjuvant treatment.  

The demographic data (gender, age) and comorbidities 

(BMI, smoking, high blood pressure, diabetes mellitus, 

atrial fibrillation, dyslipidemia, benign prostate 

hyperplasia and previous oncologic therapy) were 

analyzed in relation to hernia recurrence. Other relevant 

information registered were the location of the abdominal 

wall defect, type of initial surgery and postoperative 

complications. Patients had undergone an average of 3 

previous abdominal surgical procedures (range 1 to 5) and 

16.66% had at least one intervention for neoplasia 

associated with adjuvant oncologic treatment. 

The selection of surgical technique and type of alloplastic 

material used was chosen according to the patient's associated 

diseases and primary hernia repair intervention. Surgeries 

were not performed by the same operating team; therefore, 

certain types of surgical procedures were selected according 

to the physician’s experience and skills.  

Intraoperative biopsies were taken from 28 patients for 

microscopic exploration consisting of postoperative scar 

tissue and fragments of non-integrated mesh, as well as 

properly fitted alloplastic material, which were paraffin-

embedded and subsequently stained with hematoxylin-eosin. 

The primary focus result was surgical reoperation for 

postoperative incisional hernia and hernia recurrence 

(umbilical and inguinal) defined by the International 

Classification of Diseases, 11th –Revision (ICD-11). Data 

were collected and processed using Microsoft Excel 

version 15 and statistical analysis was performed using 

Minitab Software version 21. The normal distribution of 

variables was assessed using the Anderson-Darling test 

(similar to Shapiro-Wilk test). Categorical variables were 

compared using Chi-Square test and statistical significance 

was set at a value of p<0.05. 
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Results 

Patient age ranged from 26 to 88 years with a mean of 

63.38 years, while the male to female ratio was 1.2 :1. Rate 

of obese patients in the study group was 52.78% (40 

patients with BMI>30kg/m2 and 17 patients with BMI 

>40kg/m2). From all the patients treated, only 26.85% 

(N=29) had their first parietal defect repair surgery at our 

clinic. Relevant data concerning previous surgery and 

complications for the others were collected from their 

discharge papers. 78 patients were operated under general 

anesthesia with orotracheal intubation, whereas 30 

procedures in the subumbilical region were performed 

under spinal anesthesia. Most patients admitted for 

recurrence were those with inguinal hernias (37.96%), 

umbilical hernias (20.37%) and subumbilical incisional 

hernias (16.66%) as presented in Figure 1.  

 

Figure 1. Type of hernia recurrences operated in our 

clinic between 2012 and 2022 

Regarding gender distribution in relation to the type of 

hernia, we observed an increased prevalence of inguinal 

hernia relapse in men (M:F ratio was 12.6:1), compared to 

recurrence of umbilical and incisional hernias which were 

more frequent in women (M:F ratio was 1:3.4, respectively 

1:6.5) (Figure 2). 

 

Figure 2. Gender distribution of hernia and incisional 

hernia recurrence (N=108) 

97.22% of the patients included in the study were 

initially operated for anterior abdominal wall incisional 

hernia relapse by open repair technique and only 3 patients 

underwent laparoscopic surgery for inguinal hernia (Figure 

3). Among the first mentioned, 57.14% underwent surgery 

for hernia repair with supraaponeurotic mesh placement, 

6.66% were operated by open technique with secondary 

tissue suture (umbilical hernia) and 36.20% had 

Lichtenstein procedure with retrofunicular mesh fitting 

(inguinal hernia).  

When admitted to our clinic for secondary repair, 

laparoscopic approach was chosen for 24.07% of patients, 

with intraperitoneal dual-mesh placement for incisional 

hernias (13 cases) and preperitoneal polypropylene mesh 

fitting for inguinal hernias (TAPP technique - 13 cases), 

both with AbsorbaTack fixation (Figure 3). For the rest of 

the patients with ventral hernia undergoing surgery via the 

open technique the decision was made to position the 

supraaponeurotic mesh and secure it with separate wires. 

There were 2 cases for whom laparoscopic technique was 

attempted, but due to visceral adhesions they were 

converted to laparotomies and Rives procedure was 

subsequently performed. 

 

Figure 3. Type of surgery performed – first surgery 

versus second surgery 

Prior surgical complications recorded were seroma, 

hematoma, granuloma, superficial wound infection, 

enterocutaneous fistula and chronic abdominal pain.  In this 

regard, 33.34% of the patients treated developed postoperative 

wound complications, the most common being seroma 

(12.96%) and granuloma (12.04%), as presented in Table 1. 

Postoperative bleeding occurred in 3 cases with development 

of wound hematoma and required reintervention for in situ 

hemostasis. Also, 6 patients presented wound infection and 

required drain tube placement and prolonged local antibiotic 

lavage until symptoms resolved. 

Table 1. Complications after first surgery 

Complications No. of patients/ Rates 

Haematoma 3 (2.78%) 

Seroma 14 (12.96%) 

Wound infection 6 (5.56%) 

Granuloma 13 (12.04%) 

Chronic abdominal pain 3 (2.78%) 

In correlation with the occurrence of local complications 

are patients’ associated disorders, metabolic imbalances and 

related chronic treatment, which influence the post-operative 
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evolution. Several comorbidities were analyzed in order to 

identify the risk factors with the greatest impact on the 

development of complications. The most prevalent 

comorbidities included hypertension (56.48%), obesity 

(52.78%) and history of smoking or active smoker (54.63%). 

The strongest patient factors associated with hernia recurrence 

proved to be obesity (p=0.001), diabetes mellitus (p=0.003) 

and high blood pressure (p=0.003). Atrial fibrillation also has 

a significant correlation (p=0.044), most likely through the 

need for anticoagulant treatment and alteration of the clotting 

process (Table 2).  

Table 2. Risk factors analysed in association with 

recurrence of hernia 

Comorbidities 
No. of patients/  

Rates 

P-Value 

(<0.05) 

High blood pressure 61 (56.48%) 0.003 

Atrial fibrillation 10 (9.26%) 0.044 

Diabetes mellitus 19 (17.59%) 0.003 

Obesity 57 (52.78%) 0.001 

Benign prostate hyperplasia 22 (20.37%) 0.131 

Smoking 59 (54.63%) 0.148 

Oncologic therapy 18 (16.66%) 0.186 

Despite the fact that more than half of the patients were 

smokers, chronic tobacco use was not identified as a 

significant influencing factor (p=0.148). Patients with 

benign prostate hyperplasia represented 48% of male 

participants, but in relation to the overall sample size, this 

risk factor was not deemed significant for hernia recurrence 

(p=0.131). Eighteen patients had prior surgery for neoplastic 

conditions and subsequently received adjuvant oncological 

treatment which they completed at least 2 years before surgery 

for hernia relapse. Our analysis additionally indicated that 

radio-chemotherapy treatment does not emerge as a 

significant factor in recurrence of hernia (p=0.186). All 

patients tolerated the surgery well and no pulmonary 

complications, cardiovascular events or deaths were recorded. 

Subsequently, there were no cases of incisional hernia 

recurrence diagnosed at 12 months follow-up. 

In 44 cases, during the open surgical reintervention we 

were able to explore intraoperatively the status of the 

alloplastic material used at primary surgery for hernia 

repair. 9 patients with subumbilical parietal defects, 15 

patients with umbilical hernia recurrence, 4 patients with 

midline abdominal defects, 3 cases of supraumbilical 

hernia and respectively 13 patients diagnosed with inguinal 

hernia relapse showed either mesh integration deficiency 

or alloplastic migration most likely due to poor fitting or 

non-compliance with postoperative recommendations. 

Fragments of both unintegrated mesh and well-attached 

mesh were sampled from 28 patients in order to 

microscopically examine for comparative analysis of tissue 

processes (Figures 4-6). 

 

Figure 4. Fragment of unintegrated mesh sampled 

from a patient with subumbilical hernia repair 

Figure 5. Fragment of well-integrated but migrated 

mesh obtained from a patient with umbilical hernia 

recurrence 

 

Figure 6. Inappropriate integrated mesh fragment in 

a patient with inguinal hernia relapse. 

The removed samples were paraffin-embedded, 

subsequently stained with hematoxylin-eosin and were 

microscopically analyzed. Fragments of unintegrated mesh 

revealed adipose connective tissue areas with remnants of 

synthetic material, with development of small sites of 

foreign body granuloma in the process of organization 

through hyaline fibrosis process. The material also presents 

thin fibrillar structures suggestive for immature type III 

collagen (Figure 7). 

 

Figure 7. Synthetic material surrounded by adipose 

and hyaline tissue, with type III collagen structures.  

(H and E, x 10) 

In cases of poorly integrated meshes images of 

pronounced inflammatory infiltrate were highlighted, with 

an increased amount of collagen and fiber width. Properly 

incorporated areas showed superior connective tissue with 

a higher amount of type I collagen (Figure 8). 
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Figure 8. Important inflammatory infiltrate in the 

vicinity of the mesh with thicker connective tissue 

and increased amount of type I collagen.  (H and E, 

x 40) 

Fragments of well fitted but migrated alloplastic 

material presented fewer inflammatory cells, collagen 

fibers with increased diameter and a higher type I to type 

III collagen ratio (Figure 9). 

 

Figure 9. Low inflammatory infiltrate. Mature type 

I collagen with increased diameter. (H and E, x 10) 

Discussions 

The concept of using mesh in hernia repairs dates back 

to the 1950s, when Dr. Francis Usher developed a synthetic 

woven prosthesis after concluding that tissue growth 

through its interstices gives stability and reinforcement to 

the abdominal wall [17]. Three decades later the concept of 

`tension-free` prosthetic hernia repair became the standard 

of care for the majority of patients [18]. Currently, the 

focus lies in identifying a hernia mesh that possesses 

sufficient strength and durability to prevent recurrence 

while minimizing potential side effects such as discomfort, 

pain or impaired wound healing [19]. To meet these 

criteria, previous studies have demonstrated that the 

alloplastic material needs to have certain qualities such as 

light weight, large pore size and biocompatibility [1]. In 

order to avoid local postoperative complications, some 

authors promoted the implementation of biologic meshes 

due to their potential to remodel into native fascia [20-22] 

The use of these collagen-based prostheses was particularly 

recommended for cases with complicated incisional hernias 

such as synthetic mesh contamination, enterocutaneous 

fistulae or poorly healing wounds [20]. The most commonly 

used biologic mesh was a processed nonimmunogenic skin 

harvested from human cadavers known as ADM (acellular 

dermal matrix). Unfortunately, apart from its high costs, the 

use of ADM proved effective only in early postoperative 

stages, with a hernia recurrence rate of 30% at 9 months 

[21,22] to 80% over 1-year follow-up [20]. 

 It is important to acknowledge that meshes cannot 

fully replicate the properties of the local tissue and as a 

result, their presence may trigger a foreign body reaction. 

Thus, it disrupts the natural regenerative capacity of the 

tissue, leading to a healing response characterized by the 

formation of scar tissue that fills the hernia defect [23]. 

Wound repair implies four sequential phases: hemostasis, 

inflammation, proliferation, and dermal remodeling, each 

playing a crucial role in the process of restoring both the 

structural and functional integrity of the damaged tissue 

[24]. The stages of wound repair and their major cellular 

components are summarized in Table 3. 

Granulation tissue synthetized by fibroblasts during the 

proliferative phase comprises of 30% immature type III 

collagen and approximately 10% type I collagen [25]. 

During the healing process, collagen type III is gradually 

substituted by collagen type I, leading to a direct 

enhancement in the tensile strength of the developing scar 

[26]. Even so, the structural integrity and organization of 

the scar's extracellular matrix never fully recovers to match 

that of the uninjured skin (80% type I collagen and only 

10% type III collagen) [25]. 

Table 3. Stages of wound repair, revised from reference 

[24] 

Wound repair 

stage 

Cellular 

component 
Process 

Hemostasis • Platelets 

➢ Platelet plug 

formation 

➢ Preliminary fibrin 

matrix formation 

Inflammation 
• Neutrophils 

• Mast cells 

➢ Neutrophil influx 

➢ Histamine release 

from mast cells 

➢ Debris removal 

➢ Infection prevention 

Proliferation 

• Keratinocytes 

• Angiogenic cells 

• Fibroblasts 

• Macrophages 

• Regulatory T 

cells 

➢ Keratinocyte 

migration to close 

wound gap 

➢ Angiogenesis 

➢ Replacement of 

fibrin clot with 

granulation tissue 

Remodelling 
• Fibroblasts 

• Myofibroblasts 

➢ Matrix remodelling 

➢ Wound contraction 

➢ Blood vessel 

regression 
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The majority of patients present multiple risk factors 

involved in hernia recurrence, and their cumulative effect 

leads to alterations in different phases of the healing 

process and the implicit integration of alloplastic material. 

According to study of Donovan et all. on 979 patients with 

relapsed umbilical hernia, individuals with a single risk 

factor exhibit a recurrence rate three times higher than 

patients with no risk factors and presence of more than 2 

risk factors lead to an increased chance of relapse up to 7 

times [27].  

Demographic aspects are invariable, but previous meta-

analysis studies showed that female sex is a risk factor for 

recurrence after inguinal [11], umbilical [27] or ventral 

hernia surgery [10]. Our results are consistent with data of 

previous studies, with the exception of inguinal hernia 

where 92% of patients treated were male. Older age is an 

independent risk factor for hernia relapse due to several 

factors that affect the body’s ability to heal and recover 

after parietal defect repair such as reduced inflammatory 

and proliferative response with altered quality collagen 

synthesized during the final phase of remodeling [28]. 

These aspects lead to diminished elasticity of tissues and 

increased susceptibility to wound infection, most likely 

due to associated underlying health conditions. In a study 

including patients with groin hernia repair treated at > 600 

hospitals in the United States, Murphy reported an 

increased odds ratio for recurrence progressing with age: 

2.37 for age 45-54 years, 2.57 for age 55-64 years, 2.86 for 

individuals ranging 65 to 74 years and 3.33 for age over 75 

years [29]. In our study patient age ranged from 26 to 88 

years with a mean of 63.38 years, and more than 80% were 

in the 55-75 age group. 

The incriminated preoperative factors are multiple and 

sometimes not therapeutically controllable or adjustable. 

The available literature outlines physiological indicators 

supporting the relationship of inadequate wound healing 

and the excess of adipose tissue [30]. The reduced 

vascularization of fat tissue diminishes its capacity to fend 

off infections as lower oxygen levels hinder neutrophils 

from effectively performing bacteria phagocytosis. In 

addition, surgery performed on individuals with obesity 

tend to have a prolonged duration, leading to extended 

period of wound exposure to potential contamination [31]. 

Another mechanism involved in the occurrence of hernia 

recurrence for obese patients is attributed to increased 

tension in the aponeurotic margins during and after wound 

closure [30]. Additional stress in the suture line is 

generated by fluid accumulation in the subcutaneous tissue 

or between the fascia and the mesh [32]. This occurs due 

to various factors associated with adipose tissue's 

properties and functions within the body. Adipocytes 

influence the permeability of blood vessels and lymphatic 

system by exerting both mechanical pressure and hormonal 

influence, which affect fluid balance and dynamics. The 

presence of seroma requires evacuation of the fluid as it 

can lead to bacterial contamination and resulting in wound 

infection and mesh impairment. Our study’s results are 

consistent with previous reports, yielding significant 

higher odds of recurrence for obese patients (0.001), but it 

should be taken into account that >50% of individuals 

included have BMI>30kg/m2. 

Diabetes mellitus is another important risk factor for 

hernia relapse due to the disease’s vascular, neuropathic, 

immune system and biochemical abnormalities which 

collectively contribute to altered tissue repair [33]. 

Diabetes exerts negative effects on the majority of cellular 

processes in wound healing, especially during the 

inflammatory phase, leading to a delay in the development 

of fully matured granulation tissue [34]. Diabetic wounds 

show decreased number and function of neutrophils and 

macrophages, structural alterations of fibroblasts with 

reduced proliferative capacity and keratinocytes with 

abnormal receptor localization for growth factors [33]. In 

addition, fibroblasts lose their ability to provide angiogenic 

functions thus altering the supply of oxygen and nutrients 

to the wound [35]. Neuropeptide dysregulation is also 

incriminated in poor wound healing due to their role during 

the inflammatory and proliferative phases through 

mechanisms involved in cytokine secretion, growth factor 

signal transmission and immune cell movement [36] 

(Figure 10). Although only 17,59% of patients included in 

our study were diabetic, this disorder proved to be a strong 

related factor to hernia recurrence (p<0.003). 

 

Figure 10. Effect of diabetic neuropathy and 

inflammatory dysregulation on wound healing, 

revised from reference [36] 

Cigarette smoking exerts detrimental effects on the 

process of wound healing through multiple mechanisms. 

Evidence-based guidelines for treating behavioral risks to 
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poor healing, such as tobacco dependence, should be 

included in treatment plans as needed [37]. Despite doctors' 

recommendations for patients to abstain from smoking 

prior to scheduled surgery and the potential benefits 

associated with such abstinence, there are reports 

suggesting that short-term smoking cessation may not 

effectively reduce the risks and complications during the 

post-surgery wound healing process [38]. Furthermore, 

studies show that thirdhand smoke, which results from the 

persistent accumulation of tobacco toxins on various 

surfaces such as curtains, carpets, bedding and walls within 

buildings, as well as in vehicles and even on smokers' hair, 

clothing, and skin, becomes increasingly toxic and 

potentially more detrimental than freshly generated 

secondhand smoke over time [39]. It has been estimated 

that cigarette smoke contains over 4000 toxic substances, 

the primary culprits associated with hindering the healing 

process being nicotine, carbon monoxide, and hydrogen 

cyanide gases. While the exact mechanisms behind this 

delay in healing are not fully understood, all three have 

been demonstrated to disrupt the supply of oxygen to 

tissues [37,40] (Figure 11). Since various stages of the 

wound healing process such as cell replication, 

angiogenesis, collagen deposition and epithelization are 

oxygen dependent, the adverse impacts of smoking are 

validated. 

 

Figure 11. Physiological effects of toxins in 

cigarette smoke, revised from reference [40] 

At the cellular level, cigarette smoke has been 

correlated to a diminished rate of proliferation of red blood 

cells, white blood cells, and fibroblasts [41]. A decrease in 

the erythrocyte count will subsequently result in a reduced 

oxygen supply, further intensifying cellular hypoxia. There 

is a theory suggesting that smoking also heightens platelet 

adhesion and reduces fibrinolytic activity resulting in 

increased blood viscosity and the formation of microclots 

[42]. Consequently, this reduces microperfusion, increases 

microvascular blockage due to thrombosis, and ultimately 

worsens tissue ischemia [43]. In a study performed on 8 

individuals, Jensen et al. reported that after smoking, 

subcutaneous wound tissue oxygenation decreases rapidly, 

persisting at a low level for up to 50 minutes before 

gradually returning to a level near the baseline within one 

hour [44]. In addition, nicotine stimulates the sympathetic 

nervous system, which triggers the release of adrenal and 

peripheral catecholamines. These compounds induce 

peripheral vasoconstriction, an elevation in heart rate, 

blood pressure, and oxygen demand, thus intensifying 

tissue hypoxia caused by smoking [45]. Although more 

than half of the patients surgically treated in our clinic were 

smokers, the results of the study showed no significant 

correlation of tobacco usage with hernia recurrence 

(p=0.148). 

The routine application of adjuvant oncologic therapy 

after surgery has become a standard practice in treating 

various neoplasms. This practice prompts inquiries 

regarding its impact on the actively dividing cells within 

both recently formed and developing surgical wounds [46]. 

Radiation exerts both immediate and delayed effects on the 

organism's healing capacity due to the damage resulting 

from the ionization of atoms [47]. Achieving accurate 

radiation delivery to a tumor site requires allocating a 

percentage of the dosage to the adjacent normal skin and 

subcutaneous tissue. Unfortunately, the injury to these 

structures is irreversible and contingent on the dose 

administered [48].  

The early effect of radiation is apoptotic cell death 

resulting from either direct damage to cellular DNA or 

indirect damage caused by the generation of free radicals 

[47]. The rapid activation of the coagulation cascade 

ensues from the free-radical inactivation of anticoagulatory 

factors following radiation injury. Endothelial cell 

apoptosis and slow regenerative proliferation contribute to 

heightened vascular permeability, therefore vessels lacking 

endothelium become susceptible to thrombosis, intimal 

proliferation and eventual obliteration [49]. Physical 

trauma triggers the initiation of an inflammatory response 

through stress-sensitive kinases and transcription factors. 

Synthesis of pro-inflammatory cytokines, including 

interleukin-1 (IL-1), IL-8, interferon-gamma (IFN-γ) and 

tumor necrosis factor-alpha (TNF-α) occurs as a result 

[50]. Dissolution of the inflammatory response is attributed 

to the brief half-life of these cytokines and the presence of 

anti-inflammatory cytokines like IL-4, IL-10, IL-13 and 

transforming growth factor-beta (TGF-β) [49]. Following 

radiation injury, inflammation fails to resolve adequately 

due to the excessive production of pro-inflammatory 

cytokines. This leads to disrupted cell-cell and cell-matrix 

interactions, uncontrolled matrix accumulation and the 

development of fibrosis [51]. Wounds generate Nitric 

Oxide (NO) through the activity of macrophages and 

fibroblasts, facilitating wound healing by stimulating 

collagen deposition [52]. NO levels are diminished in 

wounds that have undergone irradiation similarly to 

wounds in diabetic patients [53]. Radiation-induced 

fibroblast dysfunction results in poor wound healing due to 

insufficient collagen synthesis or the collagen produced 
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does not mature quickly enough to meet the demands of 

regeneration [47]. 

Various classes of chemotherapy also have a 

detrimental effect on surgical wound healing due to their 

alteration at the DNA level [47]. Compared to radiation 

therapy, the effects of cytoreductive agents seem to be 

transient and dependent on dosage and postoperative 

interval of administration [54]. The most significant 

adverse impact is noted when the agent is administered 

within the two weeks preceding surgery or within one week 

after the intervention. Incisions made a few weeks after 

chemotherapy appear to heal with nearly normal tissue 

tensile strength [55]. Neutropenia induced by systemic 

oncologic treatments significantly hampers the patient's 

healing capacity, given that neutrophils and monocytes are 

crucial cellular elements in the wound healing cascade. 

Clinically, it has been acknowledged that an absolute 

neutrophil count below 500 has a clearly adverse impact on 

both wound healing and the subsequent strength and 

stability of the wound [56]. Moreover, it shouldn't be 

ignored the fact that these substances present significant 

morbidity and toxicity of their own unrelated to the wound-

healing process. Our research showed no significant 

correlation between adjuvant oncologic treatment and 

hernia relapse (p=0.186), most likely due to the fact that we 

included only patients who have completed treatment at 

least 2 years before admittance.  

Cardiovascular disease and especially its poor 

therapeutic management also negatively influence the 

outcome of surgery. A compromised microcirculation 

poses a threat to the healing process since ensuring proper 

perfusion and oxygenation of the wound site is crucial for 

optimal healing [57]. Furthermore, systemic vascular 

disorders elevate the likelihood of hemorrhage and cause 

local complications in the postoperative wound. A 

retrospective, case-control study on 5,944 patients 

operated for inguinal hernia revealed after a univariate 

analysis that several variables were significantly more 

prevalent in individuals who experienced postoperative 

hematoma. These factors included cardiac valvular 

disease, atrial fibrillation, hematologic abnormalities, 

vascular disease and previous bleeding episodes [58]. 

Previous studies concluded that cardiac valvular disease 

and atrial fibrillation were considered more likely to reflect 

the perioperative use of warfarin rather than being 

independent risk factors [58,59]. Research on wound 

healing has suggested that both unfractionated heparin and 

low molecular weight heparin exhibit anti-proliferative 

effects on fibroblasts, endothelial cells and angiogenesis 

[60]. Moreover, extended sero-hemorrhagic drainage can 

alter the composition of wound fluid, thereby affecting 

thrombin formation. The reduction in thrombin and fibrin 

clot formation has a detrimental impact on the initial stages 

of the healing process [61]. In accordance with prior 

studies, our results proved that high blood pressure 

(p=0.003) and atrial fibrillation (p=0.044) are important 

risk factors for reoccurring hernia. 

Benign prostate hyperplasia is a common disease in the 

aging male population, with an increasing prevalence after 

the 4th decade [62]. Research findings indicate that 

irrespective of prostate size, men experiencing 

preoperative lower urinary tract symptoms (LUTS) with an 

International Prostate Symptom Score of 15 or higher 

should be advised about the potential requirement for 

inguinal hernia repair. The incriminated mechanism 

involves the necessity for individuals with LUTS to strain 

during voiding [63]. Repetitive urinary straining has the 

tendency to push the viscera into weak parietal areas, 

directly impacting the abdominal wall and thus 

contributing to hernia relapse. 48% of men included in the 

study have been diagnosed with the benign prostate 

hyperplasia, yet this condition did not prove to 

significantly impact hernia recurrence (p=0.131). 

Conclusions 

Most patients exhibit multiple risk factors associated 

with hernia recurrence, and the combined impact of these 

elements results in modifications throughout various stages 

of the healing process and the inherent integration of 

alloplastic material. There are numerous preoperative 

aspects implicated and, in some cases, they are not 

amenable to therapeutic control or adjustment.  

Demographic characteristics are invariable; however, 

the research indicates a higher occurrence of hernia 

recurrence among females and individuals aged 55-75, 

aligning with findings from prior studies. Comorbidities 

impact the molecular-level healing process, causing 

alterations in the structural integrity and organization of the 

scar’s extracellular matrix. The strongest patient-related 

factors associated with hernia recurrence proved to be 

obesity (p=0.001), diabetes mellitus (p=0.003), high blood 

pressure (p=0.003), as well as atrial fibrillation (p=0.044). 

Insufficient oxygen supply, an altered inflammatory 

response and diminished proliferative capacity during the 

progressive stages of wound healing led to abnormalities 

in the development of fully matured granulation tissue. 

This is reflected in disturbances in the remodeling phase, 

reversing the type III to type I collagen ratio, with a 

predominance of thin, immature and unstable collagen 

fibers in the tissue.  

It is important to emphasize that the existence of such 

predictors does not guarantee a recurrence of the hernia, but 

it can increase the probability of its recurrence. 

Consequently, to mitigate the risk, it is essential to engage in 

proper patient selection and management, enlist a proficient 

surgical team, employ suitable operating techniques, and 

ensure attentive postoperative care. 
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