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INTRODUCTION
In the United States, about 350,000 ventral hernia repairs 

(VHRs) are performed annually with the diagnosis of ventral 
hernia (VH) [1]. The definition of standard VHs and complicated 
ventral (abdominal wall) hernias are still lacking, although 

these terms are often used. In general, VHs can be classified 
according to the size and location of the hernia, contamination, 
soft tissue condition, patient history, and risk factors. Standard 
VHs can be defined as uncomplicated incisional or recurrent 
hernias smaller than <10 cm in size. Large or complicated 
hernias can be defined as >10 cm, >20% more fascial defect, 
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Purpose: This study aimed to compare the results of patients who underwent anterior component separation techniques 
(ACST) and those who did not undergo component separation techniques (non-CST) in complicated ventral hernia repairs 
(VHRs) and to investigate the effect of these techniques on quality of life (QoL). 
Methods: A total of 105 patients who were operated for large ventral hernias were retrospectively analyzed. The patients 
were divided into the ACST group (n = 48) and the non-CST group (n = 57). Demographic, intraoperative, and postoperative 
data were recorded. Postoperative follow-up was conducted at 2 and 4 weeks, and 6, 12, and 24 months. The primary and 
secondary outcomes and QoL were measured.
Results: The female ratio was higher in both groups (P = 0.512). There was no significant difference between age and body 
mass index between the groups (P = 0.705 and P = 0.803). The mean defect size and mesh size were similar between the 
groups (P = 0.775 and P = 0.245). The mean operation duration and amount of blood loss were similar between the groups 
(P = 0.801 and P = 0.142). There was no statistically significant difference in the median visual analog scale scores between 
the groups (P = 0.551). During follow-up, only 3 patients (6.3%) in the ACST group and 4 patients (7.0%) in the non-CST 
group had recurrence. There was no significant difference in the short- and long-term QoL between the groups.
Conclusion: The ACST is a feasible surgical option for patients with complicated VHRs. In addition, by improving QoL, the 
recurrence rate is similar to patients undergoing standard VHR.
[Ann Surg Treat Res 2024;107(3):178-185]
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and multiple simultaneous abdominal wall hernias [2]. In such 
cases, problems such as chronic low back pain, respiratory 
failure, and altered body image may occur. Surgical repair is 
indicated for patients with such defects or symptoms related to 
incisional hernia [3]. The ideal method to prevent recurrence 
in small and medium-sized VHs is repair with a mesh [4,5]. 
In large-sized and complicated VHs, the use of component 
separation techniques (CSTs) in closing the defect without 
tension helps considerably to ensure abdominal integrity [6,7]. 
Open CST in complex VHs has been a widely used technique 
since the 1990s [8]. This technique provides tension-free closure 
of myofascial advancement flaps by making a sharp division 
of both external oblique aponeuroses without interrupting 
the innervations and blood flow of the muscles. Wound 
complications of up to 60% may develop due to extensive 
dissection from medial to lateral in the subcutaneous region 
and deterioration of vascularization of perforating vessels [9,10].

Furthermore, complicated VH creates psychological problems 
in patients due to impaired physical appearance and pain, 
thereby impairing the quality of life (QoL) of patients. Therefore, 
the surgeon should attempt to ensure abdominal integrity 
using CST and improve the QoL of patients, particularly in 
complicated VH.

In the present study, we aimed to compare the short and long-
term results of patients who underwent anterior CST (ACST) 
and those who did not undergo CST (non-CST) in complicated 
and large VHRs and to investigate the effect of these techniques 
on QoL.

METHODS

Ethics statement 
This study protocol was approved by the Ethics Committee of 

University of Health Sciences, Erzurum Faculty of Medicine (No. 
2023/03-32). The study was conducted in accordance with the 
principles of the Declaration of Helsinki. A written informed 
consent was obtained from each patient for all diagnostic and 
therapeutic procedures.

Subjects and data collection
This multicenter, retrospective study was conducted at 3 

centers between April 2017 and March 2023. Patients who 
underwent surgery with the diagnosis of large and complicated 
VHs were screened. Patients who received ACST and who 
did not receive ACST were identified. All operations were 
performed by 3 surgeons. 

Defects that were not contaminated (the Centers for Disease 
Control and Prevention [CDC] class I) and larger than 100 
cm2 were included in the study. Patients with missing follow-
up data and those who underwent emergency surgery were 
excluded. All patients underwent abdominal CT before surgery. 

The defect diameter was decided by measuring intraoperatively. 
Demographic data, intraoperative, and postoperative data 
were recorded. Postoperative follow-up was conducted in the 
outpatient setting at 2 and 4 weeks, and 6, 12, and 24 months. 
Patients who did not attend the follow-up were reached by 
phone and their data were updated.

The primary outcome measure was hernia recurrence. The 
secondary outcome measures were duration of operation, 
amount of blood loss, mesh size, number of drains inserted, 
time to drain removal, pain scores, length of hospital stay (LOS), 
wound and mesh-related seroma, hematoma, infection, wound 
grade, mortality, and QoL. The pain was measured on the night 
of the operation and day 1 after surgery using the visual analog 
scale (VAS). The scores range from no pain “0” to worst pain “10.” 
The wound was graded by the CDC classification: I, normal 
wound; II, erythema and swelling; III, purulent effluent; and IV, 
open wound. Postoperative morbidity was classified according 
to the Clavien-Dindo (CD) classification [11].

Quality of life assessment
The Carolinas Comfort Scale (CCS) is a scale system that 

evaluates the QoL of patients undergoing hernia repair with 
mesh [12-14]. It measures QoL by questioning pain, mesh 
sensitivity, and movement limitation during 8 activities. These 
activities include lying down, bending over, sitting up, daily 
living, coughing/breathing, walking, walking upstairs, and 
exercising. Each question is scored on a 5-point Likert scale: 0, no 
symptoms to 5, disabling symptoms [15]. It has been shown that 
the CCS is more effective in determining QoL for hernia and is 
preferred by patients more often than the Short Form-36 [13].

Anterior component separation technique 
procedure 
All surgeries were performed under general anesthesia and 

in the supine position. The incision was made based on the 
presence of previous surgical scars, rather than the hernia. 
After the hernia sac was dissected, its contents were returned 
to the abdomen. The width of the defect was measured. 
Dissection was, then, continued about 2–5 cm lateral to the 
linea semilunaris on both sides, about 2–5 cm lateral to the 
costal margins above, and 2–5 cm lateral to the symphysis pubis 
below. The ACST was made with a 1-cm lateral vertical incision 
parallel to the linea semilunaris, with incisions extending 
from the costal margin to the inguinal region on one or both 
sides as needed (Fig. 1). Continuous closure of the linea alba 
was performed using 1/0 polypropylene to create a gap in the 
external oblique aponeurosis incision on one or both sides and 
provide tension-free midline closure. Next, a 2/0 polypropylene 
fixation suture was made by placing a wide polypropylene 
mesh only extending from the upper costal margins to the 
symphysis pubis below and extending at least approximately 5 
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cm beyond the lateral edge of the external oblique aponeurosis, 
covering the midline fascial closure. The skin was closed and 
the Jackson-Pratt drains were placed on both sides.

Statistical analysis
Descriptive statistics were reported as means with 

corresponding standard deviations for continuous variables and 
percentages for categorical variables. Categorical variables were 
evaluated using the Pearson chi-square and the Fisher exact 
tests where appropriate. Continuous and ordinal variables were 
evaluated using the Wilcoxon-Mann-Whitney and the Kruskal-
Wallis tests. Statistical significance was set at P < 0.05, and all 
reported P-values were 2-tailed. All data were analyzed using 
SAS software ver. 9.4 (SAS Institute). 

RESULTS
Of a total of 117 patients who were operated on for VH, 12 

were excluded due to emergency surgery, infection, or missing 
follow-up data. The patients were divided into the ACST group (n 
= 48, 45.7%) and the non-CST group (n = 57, 54.3%). The study 
flowchart is shown in Fig. 2. 

Patient characteristics 
The female ratio was higher in both groups (66.7% vs. 68.4%, 

P = 0.512). There was no significant difference between age 
and body mass index between the groups (P = 0.705 and 
P = 0.803, respectively). In addition, the American Society 
of Anesthesiologists physical status classification and 
comorbidities were similar. The demographic and baseline 
characteristics of the patients are summarized in Table 1. 

Hernia characteristics 
The proportion of ventral/incisional hernia was higher in 

both groups (70.8% vs. 77.2%, P = 0.018). The mean defect size 
and mesh size were similar between the groups (P = 0.775 and 
P = 0.245, respectively). VH and hernia-related characteristics 
are shown in Table 2.  

Operative data
The mean operation duration was 181.8 ± 57.8 minutes 

in the ACST group and 171.5 ± 52.1 minutes in the non-CST 
group (P = 0.801). The mean amount of blood loss was 121.5 
± 85.4 mL in the ACST group and 110.8 ± 95.6 mL in the non-
CST group indicating no statistically significant difference (P = 
0.142). Operative data are summarized in Table 3.

Postoperative course, morbidities, and follow-up
There was no statistically significant difference in the 

median VAS scores between the groups (P = 0.551). Although 

ACST group (n = 48) No-CST group (n = 57)

Excluded:
Missing follow-up (n = 9)

Emergency surgery (n = 2)

Infection (n = 1)

Large ventral hernia
(n = 117)

Fig. 2. Study flowchart. ACST, anterior component separation 
technique; CST, component separation technique.

A B C

Costal margin

Release

External oblique

Semiulnaris

Rectus abdominis

Fig. 1. (A) Anatomical location of vertical incision in anterior component separation technique. (B) Detachment of skin and 
subcutaneous tissues from underlying fascia. (C) The incision extending from the costal margin caudally to the pubis and 
laterally to the anterior axillary line and the iliac crest. 
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the wound grade II–II was more common in the ACST group, 
it did not reach statistical significance (P = 0.258). The mean 
time to drain removal was also comparable between the groups 
(P = 0.801). Five patients (10.4%) had hematoma, 10 patients 
(20.8%) had seroma, and 11 patients (22.9%) had surgical site 
infection in the ACST group. No additional intervention was 
performed in patients who developed a hematoma, and these 
patients were closely followed. No erythrocyte suspension 
transfusion was administered to any of the patients, as there 
was no massive bleeding. Bedside drainage was attempted for 
10 patients who developed seroma after drain removal. Wound 
debridement was applied to three of 11 patients (22.9%) who 
developed surgical site infection and all patients were initiated 
on systemic antibiotherapy. Six patients (10.5%) developed 

hematoma, 5 patients (8.8%) developed seroma, and 13 patients 
(22.8%) developed surgical site infections in the non-CST group. 
The patients who developed hematoma were closely followed. 
Similarly, bedside drainage was attempted for the patients who 
developed seroma after drain removal. Five patients who had 
surgical site infection underwent wound debridement and all 
these patients were initiated systemic antibiotherapy.

A total of 31 patients (64.6%) in the ACST group and 
37 patients (64.9%) in the non-CST group had CD grade I 
complications. None of these patients received additional 
surgical or medical treatment. The patients who had Grade II 
complications were initiated extended systemic antibiotherapy. 
The patients who had CD grade III complications underwent 
surgical intervention under local anesthesia (P = 0.012). 

Table 1. Demographic and baseline characteristics of patients 

Characteristic ACST group Non-CST group P-value

No. of patients 48 57
Age (yr) 52.4 ± 11.2 57.8 ± 12.1 0.705
Sex 0.512

Male 16 (33.3) 18 (31.6)
Female 32 (66.7) 39 (68.4)

Body mass index (kg/m2) 31.5 ± 4.8 33.8 ± 5.6 0.803
ASA PS classification 0.110

I 34 (70.8) 42 (73.7)
II 14 (29.2) 13 (22.8)
III 0 (0) 2 (3.5)

Comorbidity 0.011
No 13 (27.1) 15 (26.3)
Yes 35 (72.9) 42 (73.7)

Hypertension 16 (33.3) 17 (29.8)
Diabetes mellitus 12 (25.0) 18 (31.6)
COPD 2 (4.2) 1 (1.8)
Coronary artery disease 5 (10.4) 5 (8.8)

Concomitant steroid use 1 (2.1) 2 (3.5)
Concomitant anticoagulant use 5 (10.4) 5 (8.8)
History of smoking 42 (87.5) 55 (96.5)

Values are presented as number only, mean ± standard deviation, or number (%). 
ACST, anterior component separation technique; CST, component separation technique; ASA, American Society of Anesthesiologists; 
PS, physical status; COPD, chronic obstructive pulmonary disease.

Table 2. Ventral hernia and hernia-related characteristics 

Variable ACST group (n = 48) No-CST group (n = 57) P-value

Type of hernia repaired 0.018
Ventral/incisional 34 (70.8) 44 (77.2)
Recurrent hernia 13 (27.1) 10 (17.5)
Flank 1 (2.1) 3 (5.3)

Panniculectomy 12 (25.0) 16 (28.1) 0.410
Hernia defect size (cm2) 191.4 ± 112.1 169.4 ± 91.8 0.775
Mesh size (cm2) 917.9 ± 245.8   956.5 ± 221.1 0.245

Values are presented as number (%) or mean ± standard deviation. 
ACTS, anterior component separation technique; CST, component separation technique.
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There was no significant difference in the LOS between the 
groups. No mortality was observed in any of the patients. The 
mean follow-up was 25.3 ± 18.5 months in the ACST group and 
22.6 ± 20.2 months in the non-CST group (P = 0.389). During 

follow-up, only 3 patients (6.3%) in the ACST group and 4 
patients (7.0%) in the non-CST group had recurrence. Recurrence 
occurred in the 6, 10, and 16 months in the ACST group and the 
12, 15, 16, and 20 months in the non-CST group. Postoperative 
data, surgical morbidities, and follow-up data are summarized 
in Table 4.

Quality of life findings
The QoL of the patients was assessed using the CCS. 

Accordingly, pain was the most common complaint in both 
groups in the preoperative period. The QoL was assessed at 2 
and 4 weeks and 6, 12, 24 months postoperatively. There was no 
significant difference in the short- and long-term QoL between 
the groups (P > 0.999). At 24 months, 63.6% of the patients in 
the ACST group and 62.4% of the patients in the non-CST group 
had improved QoL close to normal (Table 5).

DISCUSSION
Abdominal wall hernia is one of the common surgical 

diseases that require repair [1]. Complicated and large VHs 
can cause serious problems in patients with chronic back and 
abdominal pain, respiratory failure, and altered body image. 
Complicated VHs are prone to expansion [16]. Therefore, as 
the hernia grows, complaints increase, repairs become more 
difficult, and postoperative morbidity and mortality risks 
increase. The main goal in such large hernias is to close 
the abdominal wall fascia without tension and prevent the 
intraabdominal pressure from increasing [17]. Repair of the 
abdominal wall with mesh under tension increases recurrence 
and wound complications [18]. The CST is a technique that 
performs tension-free repair with myofascial mobilization 
for midline closure of large and complicated hernias and was 
first described by Ramirez et al. [8]. In our study, the results 
of repairing large and complicated VHs with ACST and non-
CST and standard mesh were compared. In the ACST group, 
20 patients had VHs that developed after obstetric surgery, 

Table 3. Operative data

Variable ACST group  
(n = 48)

No-CST group  
(n = 57) P-value

Total operative time 
(min) 

181.8 ± 57.8 171.5 ± 52.1 0.801

Estimated blood loss 
(mL) 

121.5 ± 85.4 110.8 ± 95.6 0.142

No. of drains 3 3 -

Values are presented as mean ± standard deviation or number only. 
ACTS, anterior component separation technique; CST, component 
separation technique.

Table 4. Postoperative data, surgical morbidities, and 
follow-up data

Variable ACST group  
(n = 48)

No-CST group  
(n = 57) P-value

Pain score, VAS 6 (4–8) 7 (4–8) 0.551
4 3 (6.3) 6 (10.5)
5 4 (8.3) 4 (7.0)
6 24 (50.0) 18 (31.6)
7 14 (29.2) 26 (45.6)
8 3 (6.3) 4 (7.0)

Wound grade
I 28 (58.3) 42 (73.7) 0.258
II 16 (33.3) 14 (24.6)
III 4 (8.3) 3 (5.3)

Hematoma
Yes 5 (10.4) 6 (10.5) 0.132
No 43 (89.6) 51 (89.5)

Seroma
Yes 10 (20.8) 5 (8.8) 0.022
No 38 (79.1) 52 (91.2)

Infection
Yes 11 (22.9) 13 (22.8) 0.154
No 37 (77.1) 44 (77.2)

CD grade
I 31 (64.5) 37 (64.9) 0.012
II 11 (22.9) 13 (22.8)
IIIa 13 (27.1) 10 (17.5)

Drain period (day) 14.5 ± 4.4 12.8 ± 5.1 0.801
Length of stay (day)   5.1 ± 2.1   4.8 ± 2.8 0.678
Readmission, 30 days 12 (25.0) 8 (14.0) 0.256
Hernia recurrence 3 (6.3) 4 (7.0) 0.112
Follow-up (mo)   25.3 ± 18.5   22.6 ± 20.2 0.389
Mortality 0 (0) 0 (0)

Values are presented as median (interquartile range) or number (%).
ACTS, anterior component separation technique; CST, component 
separation technique; VAS, visual analog scale; CD, Clavien-Dindo 
classification.

Table 5. The mean scores for quality of life (QoL) in each 
group

Time ACST group  
(n = 48)

No-CST group 
(n = 57) P-value

Preoperative pain 71.6 72.8 >0.999
Postoperative ideal QoL

Week 2 19.3 20.5 >0.999
Week 4 30.4 28.4 0.115
Month 6 54.5 57.3 0.214
Month 12 56.2 59.7 >0.999
Month 24 63.6 62.4 >0.999

ACTS, anterior component separation technique; CST, component 
separation technique.
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15 after laparotomy for colon cancer, and 13 after recurrent 
incisional hernia. In the non-CST group, 28 obstetric patients, 
19 post-colon cancer surgery patients, and 10 patients with 
recurrence underwent incisional hernia repair. Demographic 
characteristics, hernia characteristics, and surgery data were 
comparable between the groups. Patients with large hernias 
often had associated comorbidities such as obesity, diabetes 
mellitus, and cardiorespiratory problems. 

Several studies have shown that the size of the hernia defect 
is of utmost importance in predicting the risks of postoperative 
complications [19]. In our study, defects larger than 100 cm2 in 
diameter were repaired. Although the surgery time was longer 
and blood loss was higher in the ACST group, there was no 
statistically significant difference between the groups. Due to 
extensive dissection, 2 Jackson-Pratt drains (10 mm each) were 
placed subcutaneously in both groups to prevent postoperative 
hematoma and seroma. No significant difference was observed 
between the groups in the postoperative VAS scores. Wound 
complications are the most common complication of hernia 
repair in ACST, ranging from 0% to 50%. Higher infection rates 
are observed in obese patients [20]. Wound complications and 
seromas are more common in ACST patients compared to non-
CST due to extensive subcutaneous dissection. Maloney et al. 
[10] reported a wound complication rate of 42.9% after ACST in 
their study. In our study, wound complications developed in 
11 patients (22.9%) in the ACST group and 13 patients (22.8%) 
in the non-CST group. There are studies reporting bedside 
aspiration or drain placement due to seroma with a rate of 14% 
to 21% [21,22]. In our study, although postoperative hematoma 
development (10.4% vs. 10.5%) was similar between the groups, 
seroma development (20.8% vs. 8.8%) was more common in 
the ACST group, consistent with the literature. Therefore, 
according to the CD classification, the ACST group statistically 
significantly needed more invasive procedures. However, there 
was no statistically significant difference in the wound grade 
between the groups.

Several studies have demonstrated that the laparoscopic 
CST technique is safer in preventing such complications. 
However, it has been abandoned by many surgeons recently 
due to its technical difficulty, limited myofascial release, and 
frequent seroma development in the lateral region [23]. In 
addition, posterior CST may be one of the preferred options 
in complicated VHR due to lower complication and recurrence 
rates. Posterior CST is associated with other challenges, 
including technical difficulty in performing the procedure, the 
risk of damaging the posterior sheath and allowing the bowel to 
contact mesh, and the risk of denervating the rectus complex) 
[24].

Although the main goal of hernia repair is to prevent 
recurrence, surgical results affect the lifelong QoL of patients. 
Depending on the surgical technique, abdominal pain, 

discomfort, and cosmetic results are the factors that indicate 
the success of the surgery. Therefore, we can evaluate the 
ideal QoL using CCS for short and long-term surgery results. 
Using the CCS, it is possible to compare and evaluate the pre- 
and postoperative results of hernia repairs performed using 
different techniques. In CCS, particularly pain, movement 
limitation, and mesh sensitivity play a key role in determining 
QoL [14,17,25-27]. To the best of our knowledge, there are few 
studies in the literature evaluating QoL after CST. Klima et al. 
[27] evaluated QoL in the short and long-term follow-up after 
CST and standard VHR using CCS and obtained similar results 
between the groups. Maloney et al. [10] compared patients with 
and without CST for VHR and reported that QoL improved in 
patients who underwent CST. Similar results were obtained in 
our study and QoL improved in patients who underwent ACST. 
However, no statistically significant difference was observed 
between the groups with and without ACST after short and 
long-term follow-up. The recurrence rates after ACST range 
from 7% to 32% in previous studies [23-25,28]. Sailes et al. [29] 
reported a relapse rate of 18.5% over a 10-year period. In our 
study, recurrence rates were found to be consistent with the 
literature and no statistically significant difference was found 
between the groups. No mortality was observed in any of the 
patients.

Nonetheless, there are some limitations to this study. First, 
the main limitations include its retrospective design with a 
relatively small sample size. Second, there were no laparoscopic 
ACST cases in this study. Further large-scale, long-term, 
prospective studies using different surgical techniques are 
needed to gain a better understanding of the effect of CST on 
VHRs. 

In conclusion, although ACST increases postoperative 
wound complications, it is a safe, simple, and rapid option for 
patients with large and complicated VHs. We believe that it can 
maintain intraabdominal pressure, particularly by helping to 
close the abdomen without tension. With increasing experience, 
complication rates can be minimized. In addition, by improving 
QoL, the recurrence rate is similar to patients undergoing 
standard VHR. 
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