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Abstract
Background  Complex incisional hernia is still a debatable topic, with increasing incidence and an increased local and 
systemic postoperative morbidity and mortality. The size of the defect is a risk factor for both difficult closure and 30-day 
readmission due to complications. The main option for closure such defect is a mesh augmented component separation 
technique. The goal was to evaluate 30-day wound events and general complications including 90 days mortality.
Material and methods  We present a retrospective study that includes patients from two different university hospitals who 
underwent open incisional hernia repair with anterior component or posterior component separation between January 2015 
and December 2021. Only non-contaminated adult patients (over 18 years old) with postoperative primary or recurrent 
median abdominal wall defects larger than 6 cm and with complete fascial closure were included. Demographics (age, 
gender, Body Mass Index—BMI, American Society of Anesthesiologists Classification—ASA score), recurrence rank, and 
co-morbidities), operative details, patient outcomes complications were collected. A native abdomen/pelvis computerized 
tomography (CT) scan was performed preoperatively in all patients and the anatomy of the defect and volumetry (abdominal 
cavity volume, incisional hernia volume and peritoneal volume) were evaluated. One of the component separation technique 
was performed according to Carbonell’s equation.
Results  Two hundred and two patients (101 from each group) were included. The patients with posterior component sepa-
ration were more comorbid and with larger defects. The procedure was longer with 80 min but overall length of hospital 
stay shorter (p < 0.001) for posterior component separation. Seroma, hematoma and skin necrosis were equally distributed 
for both group of patients and there was no direct relation to surgery (OR 0.887, 95% CI 0.370–2.125, p = 0.788; OR 1.50, 
95% CI 0.677–3.33, p = 0.318 and OR 0.386, 95% CI 0.117–1.276, p = 0.119). Surgical Site Infection rate was increased for 
anterior component separation (p =0.004).
Conclusion  Complex incisional hernia repair is a challenge given by a large amount of wound complications. Choosing 
between anterior and posterior component separation is still a source of significant debate. We were not able to depict signifi-
cant different rates of complications between the procedures and we couldn’t find any specific factor related to complications.

Keywords  Large incisional hernias · Anterior component separation · Posterior component separation · Early outcomes

 *	 Valentin Oprea 
	 opreacv31@gmail.com

1	 Clinical Department of Surgery, “Constantin Papilian” 
Emergency Clinical Military Hospital, Cluj-Napoca, 22 
G‑ral Traian Mosoiu, Cluj‑Napoca‑Napoca, Romania

2	 “George Emil Palade” University of Medicine, Pharmacy, 
Science and Technology, Targu‑Mures, Romania

3	 “Iuliu Hatieganu” University of Medicine and Pharmacy, 
Cluj‑Napoca‑Napoca, Romania

4	 Sigma Statistical Services, Balmullo, UK
5	 Second Clinical Department of Surgery, Emergency Clinical 

County Hospital, Cluj‑Napoca‑Napoca, Romania
6	 First Clinical Department of Surgery, Emergency Clinical 

County Hospital, Targu‑Mures, Romania

http://orcid.org/0000-0001-5478-4662
http://crossmark.crossref.org/dialog/?doi=10.1007/s10029-023-02920-x&domain=pdf


804	 Hernia (2024) 28:803–813

1 3

Background

Complex incisional hernia (CIH), despite the seminal 
paper of Slater et al. [1], is still a debatable topic, which 
raises many controversies but it is also an active area of 
surgical innovation and research [1, 2]. Its incidence is 
increased as older and older patients with multiple associ-
ated comorbidities are operated and leads to an increased 
local and systemic postoperative morbidity and mortality. 
The size of the defect (especially its width) is a risk factor 
for both difficult closure and 30-day readmission due to 
complications [3]. Closure of defects larger than 10 cm 
width are more likely to need component separation tech-
niques (CST) as Smith et al. recently reported [4].

Following the introduction and popularization of Ante-
rior Component Separation (ACS) by Ramirez et al. in 
1990, Novitsky modified component separation is an 
attempt to minimize and optimize early and late compli-
cations [5]. Both CST act as natural tissue expanders but 
there are little published research especially multi-centric 
trials comparing the outcomes of anterior versus poste-
rior component separation. The most proper and effective 
CST remains under active debate despite the new data that 
suggest the greater effectiveness of posterior compared to 
anterior component separation in terms of wound morbid-
ity and recurrence [6].

Surgical repair for giant IH is a high-risk procedure 
with considerable early and late morbidity. Our study is 
focused mainly on complex hernias (defined by larger 
defects, difficult locations, etc.) that cannot be primary 
closed without excessive tension and management based 
on mesh augmented by CST. As wound morbidity is a 
measure of early success, we compared the early outcomes 
of patients undergoing open hernia repair based on the 
utilization of ACS and Posterior Component Separation 
with Transversus Abdominis Muscle Release (PCSTAR) 
with on lay and, respectively, sublay mesh reinforcement 
in two different tertiary university teaching hospitals. The 
second goal was to identify if the surgery itself is a major 
factor inducing wound morbidity and what other patient- 
and hernia-related factors contribute to poorer outcomes.

Material and methods

Patients

Our retrospective study is from a prospective data base 
and includes patients from two different university hos-
pitals who underwent open incisional hernia repair with 
anterior component or posterior component separation 

between January 2015 and December 2021. Only non-
contaminated adult patients (over 18 years old) with post-
operative primary or recurrent median abdominal wall 
defects larger than 6 cm and with complete fascial closure 
were included. Emergent patient, lateral, and parastomal 
hernias were excluded as we believe they present higher 
complexity with different and specific complications and 
recurrence rates. Also, patients without a preoperative CT 
scan, dirty and infected wound class patients, patients in 
whom anterior fascia could not be closed, and single-sided 
separation were excluded.

Patients were distributed into two groups depending on 
the provenience and type of the procedure: group MS with 
ACS (Clinical County Hospital, Tirgu Mures) and group CJ 
(Clinical Military Hospital, Cluj-Napoca,) with PCSTAR; 
will refer to them as ACS group and PCSTAR group (pos-
terior component separation). The Local Ethic Commit-
tee under Ad. 10781/19.04.2021 and A4528/25.11.2020 
approved the study.

The written informed consent from each patient was 
obtained. Demographics (age, gender, Body Mass Index—
BMI, American Society of Anesthesiologists Classifica-
tion—ASA score, recurrence rank, and co-morbidities), 
operative details, patient outcomes and complications were 
collected. Four surgeons contributed to the database with 
surgical procedures (VO, MT, MG, and, CM) all of them 
senior surgeons with extended experience in visceral surgery 
and abdominal wall reconstruction.

CT protocol investigation

A native abdomen/pelvis computerized tomography (CT) 
scan was performed preoperatively in all patients. The sur-
geon and a radiologist reviewed all pre-operative CT scans. 
We removed all inconsistencies of the measurements after 
the cross review. Both, the surgeon and the radiologist, care-
fully identified and measured the length and the width of 
the defects in their maximal dimensions. The defect was 
approximated by an ellipse and the area of the defect was 
calculated using the formula ½ length × ½ width × π. The 
values were rounded to the nearest hundred or thousand. We 
also measured the width of both rectus sheath (RW). The 
ratio between their sum and the width of the defect (DW) 
was the basis for both ACS and Transversus Abdominis 
Muscle Release (PCSTAR) indication (2RW: DW = 2:1 Car-
bonell’s equation) [7]. The volumes of the abdominal cavity 
(ACV) and of the incisional hernia sac (IHV) are calculated 
according to the Tanaka method [8]. By adding up ACV 
and IHV, we obtained the volume of the peritoneal cavity 
(PV). The ratio of IHV and PV provides the peritoneal index 
(Sabbagh Index) as measurement of loss of domain [9]. A 
25% cut-off of the Sabbagh index was considered for loss of 
domain as an arbitrary limit in both clinics. All the values 
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were manually collected; differences of more than ± 10% 
between surgeon and radiologist’s measurements were reas-
sessed until agreement was reached.

Surgical procedure

All the procedures were performed under general anesthesia 
according to the technique described by Ramirez [10] and 
Novitsky [11]. All patients had intravenous antimicrobial 
and antithrombotic prophylaxis according to each hospital 
protocols. No local adjuvants such as Botox or Progressive 
Preoperative Pneumoperitoneum were considered for this 
study.

After adhesiolysis, the peritoneal sac was dissected and 
the abdominal wall reconstructed according to each clinic 
and with the original technique [10, 11].

In patients with ACS, a slowly absorbable monofilament-
running suture (1 polydioxanone) closed the abdominal wall. 
Medium weight macroporous monofilament polypropylene 
mesh was placed on-lay and fixed in place with interrupted 
monofilament non-absorbable suture (3/0 polypropylene) 
according to surgeons’ preference. The mesh surface was 
around 900 cm2 in almost all patients.

A slowly absorbable monofilament-running suture (2–0 
polydioxanone) closed the posterior fascia in patients 
with PCSTAR. We fixed the mesh with slowly absorbable 
transfascial sutures (0 polydioxanone) or with cyanoacr-
ylate (Histoacryl® B Braun). Medium weight macroporous 
monofilament polypropylene mesh (with the area fivefold 
larger than defect area) reinforced the abdominal wall in all 
circumstances. A slowly absorbable running suture (1 poly-
dioxanone) closed the anterior fascia. For mesh recurrences 
the old mesh was completely removed whenever possible.

All PCS patients were drained with more than one suc-
tion drainage until the volume of the liquid was less than 
30 ml/24 h for two consecutive days. Two drains were placed 
over the mesh in the retromuscular space and another one 
in the subcutaneous space. In patients with ACS one or two 
drains were left in place over the mesh until less than 30 ml 
were drained for two consecutive days.

In both groups, before skin closure, an elliptic curve of 
skin and subcutaneous fat was removed on both sides of 
the incision to eliminate the excess tissue. The amount of 
scared, fibrotic and de-vascularized skin with its underlying 
fat varied in relation with the hernia size. Abdominoplasty 
was not routinely performed.

Functional evaluation

The standard method for indirectly measuring intra-abdom-
inal pressure (IAP) is to measure the intra-vesical pressure 
[12]. Briefly, the bladder drainage system was clamped 
just distally to the connection of the urinary catheter to the 

drainage bag. An 18-gauge needle was then inserted into the 
sampling port and connected via a sterile tube to the pres-
sure transducer using two three-way stopcocks. A standard 
infusion bag of normal saline was attached to one stopcock, 
and a 60-ml syringe was connected to the second stopcock. 
Sterile saline (50–100 ml) was injected into the bladder. 
Measurements were taken at end-expiration while patients 
were in complete supine position and with the transducer 
zeroed at the symphysis pubis level. Intra-abdominal pres-
sure was recorded before surgery, immediately after the end 
of the procedure, 24, and 48 h after TAR on the awakened 
patient. Intra-abdominal hypertension (IAH) is defined by 
a sustained or repeated elevation in IAP ≥ 12 mmHg. IAH 
was graded as follows: Grade I, IAP = 12–15 mmHg; Grade 
II, IAP = 16–20 mmHg; Grade III, IAP = 21–25 mmHg; and 
Grade IV, IAP > 25 mmHg [13]. Likewise, abdominal com-
partment syndrome (AbCS) was defined as IAP > 20 mmHg 
in combination with at least one organ failure.

Plateau pressure (PPLAT) is the pressure applied to small 
airways and alveoli during positive-pressure mechanical 
ventilation. It is measured during an inspiratory pause on 
the mechanical ventilator and it was recorded after 20 min 
since the onset of the procedure and 20 min after the ante-
rior fascia was closed. The difference between the first and 
last record of the plateau pressure was noted as Δ plateau 
pressure.

The main outcomes of interest were 30-day wound events 
and general complications including 90 days mortality. Post-
operative wound events included Surgical Site Infection 
(SSI), Surgical Site Occurrence (SSO), and Surgical Site 
Occurrences Requiring Procedural Intervention (SSOPI). 
According to the Centre for Disease Control and Preven-
tion (CDC), SSI was defined as superficial, deep or organ 
space [14]. Surgical Site Occurrence included any SSI, in 
addition to wound cellulitis, non-healing incisional wound, 
skin or tissue ischemia, skin or soft tissue necrosis, fascial 
disruption, serous or purulent wound drainage, stich abscess, 
seroma, hematoma, infected or exposed mesh, enterocutane-
ous fistula. Procedural interventions which were considered 
SSOPI included wound opening and/or debridement, stich 
removal, percutaneous drainage, partial and/or complete 
mesh removal [14]. Length of hospital stay, 30-day read-
mission and mortality were also analyzed. Patients having 
multiple wound complications such seroma and infection, 
dehiscence and infection, were classified as were classified 
as the most severe. The follow-up for this study was short 
and extended for 90-days for all patients.

Statistical analysis

Descriptive statistics for approximately normally distributed 
continuous variables are presented as mean ± standard devia-
tion, otherwise the median and quartiles are displayed. The 
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numbers and percentages are shown for categorical data. 
The observed percentage with 95% Clopper–Pearson exact 
confidence interval are displayed by group.

Baseline and univariate differences between the groups 
were assessed by the two-sample t-test for approximately 
normally distributed continuous variables, the Kruskal–Wal-
lis test for skewed continuous data and the Chi-squared test 
for categorical data.

Multivariable logistic regression models were fitted for 
binary endpoints and the adjusted odds ratio for surgery type 
(using ACS as the reference level) and adjusted p-value dis-
played. First, type of surgery was forced into the model. 
Then confounders entered the model, stepwise, if their 
p-value for entry was < 0.05 and remained in the model if 
their p-value for removal < 0.10. The following potential 
confounders are considered: sex, environment, diabetes, obe-
sity, COPD, CVD and smoking history, ASA, location, pla-
teau pressure day, age, BMI, recurrence, occurrence, length, 
width and surface area of the defect, IHV, PV, preoperative 
IAP, postoperative IAP, day 1 IAP, day 2 IAP, change in 
plateau pressure, operation time The receiver operated char-
acteristics (ROC) curves and area under ROC (AUROC) 
were used to assess the model goodness of fit.

Statistics were performed using the statistical package 
SAS, version 9.4. All tests were two-sided with a signifi-
cance level displayed without multiplicity adjustment.

Results

Two hundred and two patients (101 from each group) met 
the inclusion criteria and consented to be included in the 
research (Fig. 1). The patients undergoing component sepa-
ration were examined for differences in preoperative factors 
(Table 1). There was no difference in gender, BMI, and ASA 
score (p > 0.05 for each). Patients in the ACS were younger 
than in the PCSTAR (mean age 59.13 ± 11.21 years vs. 
63.00 ± 6.78 years; p = 0.021). There were major differences 
between the groups in terms of comorbidities, the patients 
of PCSTAR group being more comorbid (Table 1). Previ-
ous hernia repair has been performed in 71 (70.3%) and 27 
(26.7%) patients in the ACS and PCSTAR groups, respec-
tively (p < 0.001). For the detailed rank of recurrences, see 
Table 1. No patient had a previous component separation 
with or without mesh. In 42 patients (29 in ACS group) the 
recurrence was recorded after a mesh repair. According to 
pre-operative file reports the mesh was located as an on lay 
in 27 patients (19 in the ACS group), as a sub-lay in three 
(all of them in the PCSTAR group) and preperitoneal in the 
rest of them (all in the PCSTAR group).

Hernia characteristics in terms of length, width, defect 
surface and volumetry showed larger values for the 
PCSTAR patients with a significant difference for all of 

them (Table2). Loss of domain (Sabagh index higher than 
0.25) was recorded in 179 patients (78.62%). One hundred 
and five were with a Sabbagh index between 0.26 and 0.33 
(35 in the ACS group and 70 in the PCSTAR group), and 
74 (36.63%) with an index larger than 0.33 (48 patients in 
the ACS vs. 26 in the PCSTAR. The mean preoperative 
intra-abdominal pressure was 7 mmHg for the ACS group 
(Q1–Q3 = 5–8) compared to 6  mmHg for the PCSTAR 
patients (Q1–Q3 = 5–8) (p = 0.059).

The median operative time was significantly longer for 
patients undergoing PCS (110 min vs. 190 min; p < 0.001) 
(Table 3). There was a significantly statistical difference 
in intraoperative complications with more complications 
occurring in ACS group compared to PCSTAR (15.84% vs. 
6.93%; p < 0.01). At the end of the procedure, mean IAP 
was equal for both group of patients but significantly higher 
after 24 h in patients from the PCS group (16.72 vs. 18.18; 
p < 0.001). The median overall length of hospital stay was 
longer for ACS patients [9.0 days (Q1–Q3 = 7–11)] com-
pared to PCSTAR patients [7 days (4–10)]; (p < 0.001). Post-
operative length of stay for each group had median of 6 days, 
but different distributions (p = 0.031). Longer postoperative 
stays are associated with the ACS group.

There was no difference between groups for Intensive 
Care Unit (ICU) stay (p = 0.829).

Outcomes

1.	 Overall length of hospital stays greater than 7 days: In 
univariate analysis, 117 events were recorded (72 for 
patients with ACS; p = 0.0001). The final model includes 
the type of surgery and log (OR time) with high specific-
ity and sensitivity [area under curve (AUROC) = 0.7291; 
p < 0.0001; no outliers]. There was a significant differ-
ence between the surgeries adjusting for the confound-
ers (type of surgery OR—0.070; 95% CI 0.026–0.191; 
p < 0.001 and log (OT in minutes) OR—7.850; 95% CI 
2.901–21.242; p < 0.001).

2.	 Postoperative hospital stay: Univariate analysis showed 
34 events for patients with ACS and 36 for patients with 
PCSTAR; there was no significant difference between 
the groups (p = 0.7674). The final model includes sur-
gery, log (OT in minutes) (p-value for entry = 0.0028), 
and BMI (p-value for entry = 0.040). There was a 
reasonable specificity and sensitivity for the model 
(AUROC = 0.6442; p = 0.0003; no outliers). A signifi-
cant difference between the surgeries adjusting for these 
confounders was recorded.

3.	 Intensive Care Unit stay: for Intensive Care admis-
sion (yes/no) univariate analysis showed no differences 
between the number of patients included in the ICU 
(11 patients in ACS group vs. 12 patients for PCSTAR; 
p = 0.8247). The multivariable logistic regression model 
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was created for the types of surgery, log (OT in minutes), 
smoking, and fitted reasonably well (AUROC 0.7236; 
p < 0.0001). There is a significant difference between 
the surgeries adjusting for the confounders (type of sur-
gery OR—0.287; 95% CI 0.084–0.976; p = 0.046 and 
log (OT) OR—6.093; 95% CI 1.462–25.392; p = 0.013). 
When comparing active smokers with non-smokers a 
threefold increase in ICU admission was found despite 
the type of surgery (OR—3.313; 95% CI 1.136–9.663; 
p = 0.028).

4.	 Acute respiratory failure (ARDS): eleven events were 
recorded in univariate analysis (5.44% of all patients) 
equally distributed in both groups (6 patients for ACS 
group and 5 patients for PCSTAR group). No significant 

difference between groups was found (p = 0.757). The 
logistic regression final model includes besides type of 
surgery, preoperative IAP (p-value for entry 0.0106) and 
obesity (p-value for entry 0.0133) with a high sensitiv-
ity and specificity for confounders (AUROC = 0.822; 
p < 0.0001) and no outliers. There is no significant 
difference between the surgeries adjusting for the con-
founders. Adding preoperative IAP quartiles and the 
transformation of the raw data in the stepwise selec-
tion model did not reveal different data for this endpoint 
(data not shown).

5.	 Seroma: nineteen events (18.81%) were recorded 
for ACS group of patients and only 15 for PCSTAR 
(14.85%). There was no significant difference between 

Fig. 1   Flowchart of patient selection according to exclusion criteria. ACS, Anterior Component Separation; PCS, Posterior Component Separa-
tion
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Table 1   Demographic 
characteristics of included 
patients

BMI, Body Mass Index; ASA, American Society of Anesthesiologists Classification; CVD, Cardiovascular 
Diseases, COPD, Chronic obstructive Pulmonary Disease

Variable ACS group (N = 101) PCSTAR group (N = 101) p-value

Age (years) 59.13 ± 11.21 (23–78) 63.00 ± 6.78 (43–79) 0.003
Gender (M/F) 65/36 56/45 0.196
BMI (kg/m2) 30.63 ± 5.616 (17–47) 31.73 ± 4.219 (25–48) 0.117
Occurrence (months) 36.0 (17.0–107.0) 52.0 (34–84.0) 0.090
Recurrence 1.00 (0–2) 1.00 (0–1) 0.0001
1st recurrence 35 patients 8 patients
2nd recurrence 22 patients 8 patients
3rd recurrence 8 patients 8 patients
4th or more 6 patients 3 patients
ASA 1–2 (2.0%) 1–4 (4.0%) 0.858

2–41 (40.6%) 2–39 (38.6%)
3–43 (42.6%) 3–44 (43.6%)
4–15 (13.9%) 4–14 (13.9%)

Comorbidities
Diabetes 16 (15.8%) 48 (47.5%)  < 0.0001
Obesity 36 (36.5%) 67 (66.3%)  < 0.0001
CVD 65 (64.4%) 52 (51.5%) 0.087
COPD 7 (6.9%) 18 (17.8%) 0.033
Smokers 6 (5.9%) 25 (24.8%)  < 0.0001

Table 2   Preoperative 
characteristics of hernias

ACV, Abdominal Cavity Volume; IHV, Incisional Hernia Volume; PV, Peritoneal Volume; IHV/PV, Sab-
bagh Index; IAP, Intra-abdominal Pressure

Variable ACS group (N = 101) PCSTAR group (N = 101) p

Length (cm) 14.0 (11.0–16.00) 18.0 (15.0–21.0)  < 0.001
Width (cm) 14.0 (10.0–17.0) 17.0 (15.0–19.0)  < 0.001
Surface (cm2) 130.0 (113.0–173.0) 236.0 (184.0–307.0)  < 0.001
ACV (cm3) 6788.0 (5209.0–8589.0) 9712.0 (8459.0–9914.0  < 0.001
IHV (cm3) 2867.0 (2198.0–3900.0) 4274 (3763.0–4907.0)  < 0.001
PV (cm3) 9956.0 (7828.0–12,171.0) 13,885.0 (12,315.0–14,827.0)  < 0.001
Sabbagh Index (IHV/PV) 0.31 ± 0.066 0.31 ± 0.038 0.345
 < 0.250 18 patients 5 patients
 ≥ 0.250–≤ 0.330 35 patients 70 patients
 ≥ 0.330 48 patients 26 patients
Preoperative IAP (mmHg) 7 (5–8) 6 (5–8) 0.059

Table 3   Operative time and 
postoperative pressure data

OR time, Operative time; IAP, Intra-abdominal Pressure; POD, Postoperative day; Delta plateau, Differ-
ence between Postoperative Plateau Pressure and Preoperative Plateau Pressure

Variable ACS (N = 101) PCSTAR (N = 101) p

Or time (minutes) 110.0 (85.0–140.0) 190.0 (177.0–243.0)  < 0.001
Postoperative IAP (mmHg) 15.0 (12.0–16.0) 15.0 (12.0–16.0) 0.290
POD 1 IAP 16.72 ± 2.68 18.18 ± 2.84  < 0.001
POD 2 IAP 14.04 ± 2.11 14.88 ± 3.56 0.043
Preoperative Plateau pressure 16.0 (14.0–18.0) 14.0 (12.0–17.0) 0.017
Postoperative plateau pressure 20.0 (18.0–23.0) 19.0 (17.0–21.0) 0.133
Delta plateau 4.36 ± 1.46 5.07 ± 1.29  < 0.001
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groups (p = 0.452). For the final model obesity with 
a BMI over 35 kg/m2 (p-value for entry 0.0236), age 
(entry p = 0.0408) and diabetes (entry p = 0.0451) were 
included. The model fits reasonably well with mod-
erate sensitivity and specificity (AUROC = 0.6857; 
p = 0.0002) and no outliers. There is no significant 
difference between the surgeries adjusting for the con-
founders.

6.	 Hematoma: overall 29 events were reported (12 patients 
after ACS and 17 for PCSTAR) without significant dif-
ference between groups (p = 0.316). No confounders 
were added, the final model including only the type 
of surgery with a moderate sensitivity and specificity 
(AUROC = 0.5503). There is no difference in the inci-
dence of hematoma according to the type of abdominal 
wall reconstruction (OR—1.501, 95% CI 0.677–3.330; 
p = 0.318)

7.	 Surgical Site Infection: In univariate analysis, we record 
12 patients with SSI in the ACS group (11.88%) ver-
sus 6 for the PCSTAR group (5.94%). The difference 
between groups was insignificant (p = 0.318). The 
main confounder with predictive value included for 
logistic regression was OT in minutes (p entry value 
0.0099). The model fits reasonably well with no outliers 
(AUROC = 0.6955; p = 0.0058). There was a significant 
difference between the surgeries adjusting for the con-
founders (p = 0.009) favouring PCSTAR. The analysis 
was extended to logarithmic transformation in the logis-
tic regression model which included log (OT in minutes 
p = 0.022) and the IAP from the second postoperative 
day. There was an increased sensitivity and specific-
ity for this model (AUROC = 0.7156; p = 0.0014). An 
increased statistical difference was found between the 
surgeries (OR—0.114; 95% CI 0.026–0.492; p = 0.004). 
The operative time (OR—6.022; 95% CI 1.370–26.466; 
p = 0.017) and the second day IAP (OR—1.196; (95% 
CI 0.995–1.437; p = 0.056) were independent predictors 
for SSI in logistic model.

8.	 Skin necrosis: there was no significant difference 
between groups related to this complication in the uni-
variate model (11 events for ACS group vs. four for 
PCSTAR group—p = 0.060). The final model includes 
the types of surgery and the cardiovascular diseases with 
a higher specificity and sensitivity (AUROC = 0.7098; 
p < 0.0001). No significant difference between the sur-
geries adjusting for the confounders (OR—0.386; 95% 
CI 0.117–1.276; p = 0.119) was identified. Cardiovas-
cular diseases were the only independent predictors for 
skin necrosis.

9.	 Bowel regulation: Only 43 patients in ACS group and 
30 in the PCSTAR group resumed their intestinal move-
ments within the first 48 h. There was no significant 
difference between groups. The final model includes 

log (OT in minutes) (p-value for entry 0.0182) and 
ASA score (p = 0.0321). The model fits reasonably well 
with a good sensitivity and specificity (AUROC 0.677, 
p < 0.0001) and no outliers. There was a significant dif-
ference between surgeries adjusting for the confounders 
(OR—0.236; 95% CI 0.099–0.559; p = 0.001).

A synthesis of all data is represented in Table 4 and 
Fig. 2.

No mortality was recorded after 90 day-follow-up. Sys-
temic complications included thromboembolic disease (4 
patients in ACS group and 3 in PCSTAR group), ileus (12 
vs. 21 patients), and prolonged O2 requirements (11 vs. 7).

Discussion

The component separation techniques both anterior or poste-
rior have gained popularity due to their promising short-and 
long-term results with acceptable 30-day wound morbidity 
despite complex and challenging patients. The effective-
ness of these techniques was proved by the increased rate 
of fascial closure so they were quickly accepted as viable 
options for difficult cases [15]. The proper application of 
the most effective CST in patients with CIH is still a debate; 
choosing the optimal surgical procedure and space of mesh 
implantation for the proper patient and by the proper surgeon 
are paramount [16]. The open approach is still widely used 
despite the development of a large variety of minimally inva-
sive (laparoscopic or robotic) approaches that are presumed 
to limit wound morbidity [5, 17, 18]. Our study, focused on 
patients with large midline abdominal wall defects, evalu-
ated the early outcomes of patients with on lay ACS and 
PCSTAR and this is probably one of the few multi-centric 
analyses comparing the procedures.

Demographic data showed that our groups were homog-
enous in terms of gender, obesity, and ASA score; patients in 
the PCSTAR were older and more comorbid but with fewer 
recurrences than patients in ACS group. The incidence of 
smoking was higher in PCSTAR patients. Our results are 
somehow, opposite with Krpata’s study in which PCSTAR 
patients were younger, with a lower mean ASA score, and 
with more male patients [19]. In 2021, Pereira-Rodriguez 
et al. in large number of patients from Spanish Registry of 
Incisional Hernia (EVEREG), reported equal obese patients, 
equal comorbidities but more high-risk patients with larger 
defects for ACS patients [20].

Overall, in the univariate analysis there was no signifi-
cant difference regarding the incidence of local wound 
complications (54 patients in ACS group vs. 33 in PCSTAR 
group; p = 0.061). The same results were obtained com-
paring groups for specific complications (seroma, hema-
toma, SSI, and skin necrosis). Our results are similar to 
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Pereira-Rodriguez et al. who found equal distribution of 
Surgical Site Occurrence, seroma, and hematoma; there 
were more wound infections and skin necrosis in patients 
with ACS (10.6% vs. 7.0%, p = 0.05, respectively 4.4% vs. 
0.1%, p < 0.001) [20]. Krpata reports more complications in 
ACS group while Blair found that PCSTAR was associated 
with less infections but without any significant difference 
(p = 0.07) [19, 21].

A very interesting and somehow controversial finding of 
this study was the fact that, contrary to what we expected, 
no hernia related factors were independently associated 
predictors with local complications. It was expected that 
the width of the defect to be highly correlated with local 
complications but this was not observed with our patients. 
Franklin et al. showed in 2013 that the patients defect in 
relation to abdominal wall circumference is a more reli-
able prediction factor; associated with the dynamic value 
of the patient specific anatomy and compliance it could 
better predict the onset of wound complications. The same 
authors demonstrated that fascial approximation decreased 
for every incremental increase in defect diameter [22]. In 
our patients mean width defects of 14 respective 17 cm 
were completely closed with the aid of medial transla-
tion provided only by the component separation technique. 
PCSTAR medialization effect was larger than for the ACS 
and is in accordance with Majumder et al. which results 
from a cadaveric study [23]. After a complete PCSTAR 
with large retro-muscular dissection, an average advance-
ment of 10 cm for the anterior fascia and 11 cm for the 

posterior fascia on each side was obtained. This can pro-
vide a significant increase of the abdominal cavity inner 
diameters and, subsequently, an increase of the whole vis-
ceral sac volume, without or with minimal consequences 
upon normal physiology [24]. The reduced mean value of 
postoperative plateau pressure in patients with PCSTAR 
is a valid proof of the effectiveness of this advancement 
compared to ACS even if in the first postoperative day IAP 
pressure was higher.

Acute respiratory failure was the main reason for ICU 
admission but unusually, it was not influenced by hernia 
related factors. Smoking was the only factor associated with 
this and increased threefold the probability for ICU admis-
sion compared with non-smoking patients. Even if in the 
PCSTAR there were more active smokers than in the ACS 
group, the number of respiratory complications was similar. 
Similarly, smoking was not involved as a potential risk fac-
tor for wound complications. This is in accordance with the 
study of Lindmark et al. who demonstrated that smoking is 
an influencing factor of poor outcomes after IH repair [25]. 
On the other hand, recently Gräsbec et al. in a large popu-
lation study (the sample included 158 638 surgeries) have 
demonstrated that smokers have increased odds of overall 
complications (OR = 1.17; 95% CI 1.14–1.20) and critical 
complications (OR = 1.21; 95% CI 1.14–1.29). Correspond-
ing odds ratios of ex-smokers were 1.09 (95% CI 1.06–1.13) 
and 1.09 (95% 1.02–1.17). Smokers had increased odds of 
overall complications in all specialties with over 10 000 sur-
geries [26].

Table 4   Postoperative events as unadjusted and adjusted data

ACS, Anterior Component Separation; PCSTAR, Posterior Component Separation; CI, Confidence interval

ACS (N = 101) PCSTAR (N = 101) Unadjusted p-value AUROC (95% CI) Adjusted odds ratio 
(95% CI)

Adjusted p-value

Overall length 
of hospital 
stay > 7 days

71.3% (61.4, 79.9) 44.6 (34.7, 54.8)  < 0.001 0.7291 (0.660, 
0798)

0.070 (0.026, 
0.191)

 < 0.001

Postoperative hos-
pital stay > 7 days

33.7% (24.6, 43.8) 35.6% (26.4, 45.8) 0.767 0.644 (0.567, 
0721)

0.410 (0.178, 
0.945)

0.036

Intensive care unit 
admission

10.9% (5.6, 18.7) 11.9% (6.3, 19.8) 0.825 0.724 (0.629, 
0.818)

0.287 (0.084, 
0.976)

0.046

Acute respiratory 
distress syndrome

5.9% (2.2, 12.5) 5.0% (1.6, 11.2) 0.757 0.822 (0.730, 
0.914)

0.398 (0.105, 
1.509)

0.176

Seroma 18.8% (11.7, 27.8) 14.9% (8.6, 23.3) 0.452 0.686 (0.589, 
0.782)

0.887 (0.370, 
2.125)

0.788

Hematoma 11.9% (6.3, 19.8) 16.8% (10.1, 25.6) 0.316 0.550 (0.452, 
0.649)

1.501 (0.677, 
3.330)

0.318

Surgical site infec-
tion

11.9% (6.3, 19.8) 5.9% (2.2, 12.5) 0.138 0.716 (0.584, 
0.848)

0.114 (0.026, 
0.492)

0.004

Skin necrosis 10.9% (5.6, 18.7) 4.0% (1.1, 9.8) 0.060 0.710 (0.605, 
0.815)

0.386 (0.117, 
1.276)

0.119

Bowel regula-
tion > 2 days

42.6% (32.8, 52.8) 29.7% (21.0, 39.6) 0.057 0.678 (0.598, 
0.757)

0.236 (0.099, 
0.559)

0.001



811Hernia (2024) 28:803–813	

1 3

The type of surgery was an independent factor for com-
plications only when it was associated with other confound-
ers (operative time and IAP for SSI); there was no specific 
statistically significant difference between groups of patients 
related to the type of the procedure. The results are diffi-
cult to explain because we record longer operative time in 
PCSTAR patients with similar SSI, which is contradictory. 
Probably the association with a better optimization led to 
better results.

Obesity, known as a modifiable risk factor which 
increases rates of SSI, was in our study highly associated 
only with seroma formation and only when BMI was higher 
than 35 kg/m2.

The operative time was the only variable responsible for 
more poor outcomes than the traditional well documented 
risk factors. In a recent meta-analysis and systematic review 
Cheng et al. examined the relation between operative dura-
tion and incidence of SSI across surgical specialties [27]. 
Without any direct reference to incisional hernia, pooled 
analyses demonstrated that the likelihood of SSI increased 

by close to twofold in surgeries exceeding operative cutoff 
times of one, two, three, or four hours, and close to threefold 
in surgeries exceeding five hours. Interestingly, pooled anal-
yses further demonstrated that the odds of developing an SSI 
increased with increasing operative time increments. This 
relation typically remained statistically significant across 
categories of time. For example, the likelihood of SSI was 
observed to increase by 5% for every 10 min of surgery, 
13% for every 15 min of surgery, 17% for every 30 min of 
surgery, and 37% for every 60 min of surgery. The studies 
reporting mean operative time for patients with and without 
SSI, patients who developed an SSI had a mean duration that 
was, on average, 0.82 h–1.13 (median = 0.5 h) longer than 
those without SSI. In our study, patients with PCSTAR had a 
mean longer operative time which demonstrates a more com-
plex procedure. It was interesting that the longer operative 
time associated with PCSTAR was not associated with an 
increased rate of SSI and we do not have a valid explication 
for this. Although operative time is mentioned as a signifi-
cant predictor in some reviews, there is a poor understanding 

Fig. 2   Forest plot shows event rates with odds ratio results as text. It is currently ordered by increasing event rate in the PCSTAR group
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of how this risk factor varies across surgery types, the mag-
nitude of the association, and the relation between increasing 
increments of operative time and SSI [28–30].

Finally, we acknowledge that our study has some limita-
tions. Even if it is the result of the collaboration between 
two surgical departments, its retrospective nature is always 
subject to data entry errors and misinterpretation. Another 
limitation is the selection of the patients; in our study, we 
only include midline hernias and patients with complete 
fascial closure which can represent a potential bias for the 
result. Likewise, a potential bias for inquorate results can be 
the level of expertise all data being collected from a limited 
number of surgeons with large patient volume. The accurate 
comparative analysis of ACS and PCSTAR is difficult to be 
standardized in terms of preoperative evaluation, defining 
outcomes, and interpretations. We can also consider as a 
limitation the risk of over treating, especially in ACS group 
of patients. Another limitation is the short follow-up period. 
We considered in our report only immediate outcomes 
because we cannot evaluate the accuracy of long-term out-
comes for the patients with ACS; the protocol of follow-up 
in patients with PCS was not superimposed with the protocol 
of ACS. Last, no emergency operation was included and this 
is a serious bias for the quality of the results being known 
that the rate of complications and mortality in this particular 
situation is almost double.

Conclusion

Our study demonstrates once again that complex incisional 
hernia repair is a challenge given by a large prevalence of 
wound complications. Choosing between ACS and PCSTAR 
is still a source of significant debate. We were not able to 
depict significant different rates of complications between 
the procedures and we could not find any specific factor 
related to complications. The operative time and obesity 
were factors related to more than two wound complications. 
Future controlled comparative trials with standardized out-
come measures, particularly regarding the report of wound 
morbidity, are recommended to confirm our conclusions.
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