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Background: Incisional herniae (IH) are reported in 5–>20 % of patients undergoing open celiotomy, and can be
linked to closure technique. The STITCH randomized trial favors a small bite technique for midline celiotomy clo-
sure with a 1-year IH rate of 13 % over larger bites (23 %).
Methods: A continuous musculofascial mass closure with absorbable looped #1 PDS suture with 2-cm bite size
was used for all open celiotomies. IH frequency and associated clinicopathologic factors were retrospectively an-
alyzed from prospective data in 336 consecutive patients undergoing visceral resections by a single surgeon.
Results: The study population included 192men and 144women, 81 % of whom had a cancer diagnosis, who un-
derwent hepatobiliary, pancreatic, gastroesophageal, and colorectal resections, or a combination. Themajority of
patients (84 %) had subcostal incisions, and 10 % received a midline incision. At a median follow-up of
19.5 months, the overall IH rate was 3.3 %. Hernia rates were 2.5 % for subcostal margin, 2.9 % for midline, and
5.5 % for other incisions (p = 0.006). Median time to hernia detection was 492 days. Factors associated with
IH were increased weight, abdominal depth/girth, male sex, spleen size, visceral fat, and body height (p ≤ 0.04
for all), but not type of resection, prior operations, underlying diagnosis, weight loss, adjuvant chemotherapy
or radiation, incision length or suture to incision ratio.
Conclusions: The described technique leads to a low IH rate of <3 % in subcostal or midline incisions, and can be
recommended for routine use. The observed results appear superior to those of the STITCH trial, even for the
smaller midline incision cohort.
© 2023 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Incisional herniae (IH) are a common complication after incisions of
the abdominal wall, with an prevalence between 5 and 20 % reported in
the literature (1). IH have the potential to significantly impact quality of
life, and are also associated with a significant cost burden (2–4). Multi-
ple factors play a role in the development of IH, including patient-
related risk factors, incision type, closure technique, suture material,
and wound infection (4,5). While patient-related risk factors such as
obesity, diabetes, malnutrition, and smoking (5–7) are well-accepted
associations with the development of IH, the highest quality technique
for celiotomy closure has been heavily debated. Factors related to surgi-
cal technique include continuous vs. interrupted suture, suture length to
wound length ratio, bite size, needle size and type of suture, en masse
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vs. fascial-only closure, prophylacticmesh vs. primary closure, and pres-
ence of tension (5,8).

While randomized controlled trials (RCTs) are generally accepted as
the reference standard of clinical trials, a literature review on surgical
techniques to prevent IH illustrates the difficulty in using RCTs to estab-
lish the optimal operative technique for celiotomy closure. For example,
a 2009 multicenter RCT comparing interrupted vs. continuous closure
with various materials found a higher than expected IH rate in all
three groups, ranging from 0 to 25.5 % among participating centers
(9), despite all surgeons being trained to use the same suture materials
and techniques. The 2015 European Hernia Society guidelines, which
were based on the findings of ten systematic reviews, noted that the
data and conclusions from the different reviews were often contradic-
tory, and that the quality of most of the systematic reviews was low
(10).

In 2015, the STITCH multicenter randomized trial compared the
technique of small tissue bites (5 mm every 5 mm) against the tradi-
tional technique of large tissue bites (1 cm every 1 cm) in 560 patients
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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undergoing midline celiotomy (3). The authors found that at the one-
year mark post-operatively, the small bite technique was associated
with a 13 % IH rate, compared to 23 % for the large bite technique, with-
out significant increase in closure time, pain, or adverse events. How-
ever, a 2019 JAMA Surgery editorial noted anecdotally that most
surgeons and trainees at their institution continued to default to the
0-looped PDS suture used with the larger bite technique, despite the
findings of the STITCH trial (11). The gap between the results of an
RCT for surgical technique and its implementation may be due to in-
grained surgeon habit or good empiric outcomeswith other techniques,
or because the technique studied may not be directly applicable to the
surgeon's practice. In this practice experience in which the majority of
incisions are in subcostal followed by midline location, a tension-free
large bite technique for celiotomy closure had been utilized as routine
and standard for>25 years. The aimof our studywas to qualitatively as-
sess IH rate and potentially contributing risk factors resulting from this
standard technique.

Materials and methods

Patients and data selection. Incisional hernia frequency and associated
clinicopathologic factors were analyzed from prospective data in con-
secutive patients undergoing primary incision closure after visceral re-
sections within a single-surgeon practice between 2014 and 2021.
Patients undergoing simultaneous hernia repair or mesh placement
were excluded. Demographic and clinical variables collected included
age, sex, weight, height, BMI, history of weight loss, smoking history,
past medical history (including history of diabetes), and past surgical
history (including prior abdominal operations). Diagnostic parameters
included underlying diagnosis, cancer stage where applicable, diagnos-
tic laboratory parameters (complete blood count including platelet) and
leukocyte counts and comprehensivemetabolic panel (including serum
creatinine and albumin levels). Morphometric parameters such as ab-
dominal depth, girth, visceral fat and psoasmuscle thickness, and spleen
volume had beenmeasured using preoperative cross-sectional imaging,
with the first four parameters measured at the level of the L3 vertebral
body, while the spleen volume was calculated using the depth, length,
and height of the spleen on imaging. Operative therapy was assessed
Fig. 1. Continuous, single-layer, low-tension mass closure of celiotomy incision. 1A: Start of #1
uation of suturewith large bites at approximately 1.5 cmdistance intervals, achieving apposition
incision edge. 1D: Stepwise tightening of suture loops after complete apposition of incision ed
inversion of the knot in muscular layer. 1F: Intracutaneous suture without subcutaneous stitch
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through data on type and length of incision, resection type, suture:inci-
sion (S:I) ratio at closure, use of abdominal drains, estimated blood loss,
and duration of the operation. Postoperative outcomeswere charted for
occurrence of postoperative complications, postoperative length of stay,
and adjuvant systemic and/or radiation therapy. All patients underwent
structured follow-up that involved once yearly clinical visits after
celiotomies for benign conditions, or more frequent visits with cross-
sectional surveillance imaging for cancer patients. Incisional herniae
were diagnosed clinically and/or identified or verified on follow-up
cross-sectional imaging through computed tomography (CT) or mag-
netic resonance imaging (MRI), where applicable. Time to hernia forma-
tion was calculated.

Technical aspects. A continuous, single-layer, musculofascial mass clo-
sure with absorbable monofilament looped #1 PDS suture with >2 cm
bite and a stitch separation of at least 1.5 cm has been used for all
open celiotomies including hand port sites (Fig. 1). All 12 mm umbilical
port siteswere closedwith 2 interrupted#0 PDSfigure-of-eight sutures,
while 5 mm port sites through the muscular abdominal wall remained
unclosed in the musculofascial layers. Information of incision length
and the length of closing suture usedwas documented at the time of op-
erative closure. All incisions were then closed with intracutaneous
(subcuticular) monofilament Monocryl material, in 2–0 size for major
incisions, and 4–0 size for port sites, followed by Dermabond or Steri-
Strip application and a sterile gauze dressing.

Statistical analysis. Data were analyzed through descriptive statistics,
contingency analysis via chi-square testing, and t-test or Mann-
Whitney analysis based on data distribution. Hernia-free survival was
calculated via Kaplan-Meier analysis with log-rank comparison, with
time of hernia diagnosis or patient death defined as uncensored events.
For all comparative statistics, significance of differences was accepted at
p < 0.05.

Results

Over the studyperiod, a total of 336 patientswere included, ofwhich
192 (57 %) were men and 144 (43 %) were women (Table 1). Median
looped PDS suture with mass bites at incision edge followed by loop interlock. 1B: Contin-
ofmuscular incision edgeswithout tension. 1C: Similar technique of suture at the opposite
ges, without holding tension. 1E: Final knot closure of both suture ends, with subsequent
ing completing the skin closure.



Table 1
Demographic and clinical characteristics of patients.

Patient characteristics n = 336

Median age (yrs, range) 65 (17–88)
Sex, n (%)

Male 192 (57 %)
Female 144 (43 %)

Cancer diagnosis, n (%) 273 (81 %)
Type of resection, n (%)

Hepatobiliary 162 (48 %)
Pancreatic 111 (33 %)
Gastroesophageal 20 (6 %)
Colorectal 7 (2 %)
Other 36 (11 %)
Multivisceral 47 (14 %)

Incision type, n (%)
Subcostal 283 (84 %)
Midline 34 (10 %)
Other 19 (6 %) Fig. 2. Overall and hernia-free survival in 336 patients undergoing celiotomy.
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age of the participants was 65 years (range: 17–88 y) and 81 % of pa-
tients had a cancer diagnosis. There were 162 hepatobiliary (48 %),
111 pancreatic (33 %), 20 gastroesophageal (6 %), 7 colorectal (2 %)
and 36 other procedures (11 %), including multivisceral resections in
14 %. The average weight was 79.5 kg (+/− 18.4), at a body mass
index (BMI) of 28.4 (+/− 6.3). Weight loss of >5 lbs. had been experi-
enced by 34 % of patients, at an average of 24.8 lbs. (+/− 18.3). A his-
tory of tobacco use was identified in 52 % (32 % active smokers), with
a mean of 43 pack-years (+/− 27), while never-smokers comprised
44 % and no information was available in 4 %. In addition, 21 % of pa-
tients were diabetic, and 45 % had a prior abdominal operation. Mean
laboratory parameter valueswere for albumin 3.8 g/dL (+/− 0.65), cre-
atinine 0.84 mg/dL (+/− 0.28), leukocyte count 7.4 × 109 cells/L (+/−
2.6), and platelet count 242 × 103/μL (+/− 98).

Themain incisionwas at the subcostal margin (n=283, 84 %), mid-
line (n = 34, 10 %) or other (n = 19, 6 %). Incisions categorized as
“other” included transverse or hockey stick incisions and hand port
sites. An umbilical port site for concurrent laparoscopy access had
been utilized in 72 patients. The mean length of the main incision was
28 cm (range: 4–42). The mean S:I ratio was 4.53:1 (SD 0.68, range
2.9–6.8). Themean operation timewas 316min (+/− 117), themedian
estimated blood loss 150mL (IQR233). Postoperative length of staywas
8 days (median, range 1–43), Grade 3+ complications were encoun-
tered in 18.4 %, and superficial wound infections seen in 3.7 %. There
was one dehiscence requiring reoperation that did not result in an IH af-
terwards. In 57 % of all patients, adjuvant therapy had been adminis-
tered. All of these received cytotoxic chemotherapy, while adjuvant
radiotherapy was utilized in 16 %. The IH development rate in this adju-
vant cohort was 4.8 % (p = NS). In addition, antiangiogenic biologic
therapy had been given to 8 patients (2.4 %), of whom one developed
an IH (p = NS). None of these patients had received therapy within
8 weeks before or after the operation.

At a median follow-up of 19.5 months (range 1–97, 20.6 for survi-
vors), 11 patients had developed an incisional hernia (3.3 %). Hernia
rates were 2.5 % for subcostal margin, 2.9 % for midline, and 5.5 % for
other incisions (p = 0.006). The median time to hernia detection was
492 days (40–2059 d). No significant difference between hernia-free
survival (HFS) and overall survival (OS) was identified in this patient
population, reflecting the low numbers of IH encountered (Fig. 2). A pa-
tient subset of 23 % was alive but had the last follow-up within
<12months, and 12.5 % of patients had diedwithin one year. Factors as-
sociated with development of IH included increased weight and height,
abdominal depth and girth, male sex, spleen size, visceral fat (all at
p < 0.05, Table 2). Although the BMI group correlated with IH develop-
ment (0 % for BMI < 24, 2.8 % for BMI 24–30, and 13.5 % for BMI > 30,
p = 0.008), BMI as continuous variable did not (p = 0.07). There was
no significant association between IH formation and other parameters
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such as type of resection, prior operations, underlying diagnosis, weight
loss, albumin, estimated blood loss, postoperative complications, adju-
vant treatment with cytotoxic, biologic, or radiation therapy, length of
incision, S:I ratio at closure or use of abdominal drains.

Discussion

This study found a low IH rate of 3.3 % in patients undergoing ab-
dominal operations primarily for a malignancy. Other studies which
were performed in cancer patients have reported hernia formation
rates of 6.0–41 % (6,7,12–14). In 2016, Baucom et al. reported that fac-
tors independently associated with hernia formation included midline,
periumbilical, and subcostal incisions, laparoscopic-assisted procedure,
increasing BMI, postoperative surgical site infection (SSI), and a cancer
diagnosis other than colorectal or urologic/gynecologic malignancy
(7). Similarly in this study, increased weight, increased abdominal
depth and girth, and visceral fat were associated with IH development.
Thismay relate to increasedmechanical forces at the sutured abdominal
wall site but other factors such as impaired healing activity remain pos-
sible but uncertain. However, we found no association between the un-
derlying cancer diagnosis and IH formation, nor was there an
association between superficial wound infection and IH formation.
While prior studies have reported that preoperative chemotherapy is
associated with an increased incidence of IH (6,15), postoperative che-
motherapy was not found to be linked to IH formation (6,7), which is
in linewith our findings here. The number of patients on antiangiogenic
therapy was low, and no IH problem was encountered. We also found
that the highest IH rate in our study population was associated with
laparoscopic-associated incisions, including umbilical trocar sites larger
than 10 mm and hand port incisions, which has previously been re-
ported by other authors (7), although yet other studies have reported
the contrary (16). As a result of this analysis, we have minimized the
use of umbilical ports wherever possible, and prefer port sites of
<10 mm diameter, too.

The most impactful RCT evaluating the influence of celiotomy clo-
sure technique on IH rate is the 2015 STITCH trial, which specifically in-
cluded only midline incisions (3), unlike our cohort. Several prior
studies have demonstrated that midline incisions are associated with
higher IH formation rates, compared to other incisions such as
subcostal, transverse, or paramedian incisions (6,10,17). However, our
smaller midline incision cohort of 34 patients also had a lower rate of
IH (2.9 %) compared to both the “large bite” and “small bite” groups in
the STITCH trial (21 % and 13 % respectively), suggesting that other fac-
tors likely played a role. A 2020 systematic review evaluating IH rate in
5427 patients undergoing hepatobiliary surgical procedures via trans-
verse (right subcostal and chevron) and hybrid (transverse with mid-
line extension) incisions reported a 6.0 % pooled incidence of IH in



Table 2
Factors associated with incisional hernia formation on univariate analysis.
For continuous variables, means ± standard deviations are shown.

Parameter Unit/Subset No incisional hernia (n = 325) Incisional Hernia (n = 11) P value

Weight kg 78.5 (±18.1) 97.0 (±14.8) 0.003
Abdominal depth mm 114.4 (± 32.2) 150.4 (±14.5) 0.015
Abdominal girth mm2 64,457 (±18,269) 84,663 (±20,399) 0.019
Sex Male/female ratio (%) 56/44 91/9 0.021
Visceral fat area mm2 5721 (±6340) 12,503 (±7036) 0.022
Spleen transectional area cm2 41.5 (±12.6) 54.4 (6.1) 0.023
Body height cm 168 (±10.6) 176 (±7.9) 0.033
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patients with transverse incisions (14). However, there was consider-
able variation in suture type and method of closure between groups.
In studies which specifically evaluated right subcostal incisions, the IH
rate ranged from 0 to 7.7 % (18–21). These studies include both patients
undergoing operations for complex benign disease (primarily cholecys-
tectomy), as well as transplantation, and therefore do represent a
widely heterogenous population. In patients who received a right
subcostal incision for benign disease, Sans-López et al. reported that
obesity and chronic bronchitis were associated with IH (20), and in pa-
tients undergoing liver transplantation via a subcostal incision,
Donataccio et al. found that persistent postoperative ascites was the
only risk factor for IH occurrence (21). It must be presumed, that a con-
siderable reporting bias exists regarding IH formation rates after major
celiotomy incisions, and that the actual frequency of IH formation may
be higher than in selcted reported studies.

Another interesting parallel between our data and the STITCH trial is
the comparable suture to incision ratio that reflects in this case fewer
bites with much greater distance from the edge and incorporation of
muscle tissue. Consequently, while the distance between bites and dis-
tance from the fascial edge was constant throughout the study, a fairly
high variance of the S:I ratio has been observed in this experience due
to significant variability of abdominalwallmuscular thickness in our pa-
tient population, but without identifiable impact on subsequent IH for-
mation.

The strengths of this study include the single-surgeon patient cohort
and the presence of the attending surgeon at every celiotomy closure,
which minimizes changes in technique and eliminates variation in ma-
terials used between patients, and thus allows for assessing other
patient-related factors that may or may not contribute to IH formation.
The tension applied through traction on a continuous suture is difficult
to measure, and if too high may lead to tissue necrosis with decreased
healing implications; this has also been purposefully avoided in this
practice setting. In addition, a longer follow-up period with a median
of 20.6months for survivors providedmore appropriate time to capture
the majority of IH, as it has previously been reported that it may take
two years for 75 % of herniae to develop (17). Themedian time to IH de-
velopment in our study was 492 days, or 1.35 years. Finally, due to the
high proportion of patients with cancer or precancerous conditions,
clinical follow-up and CT scan surveillance imaging were conducted in
a larger proportion of this study population than in series with benign
operative indications.

The limitations of this study include its retrospective nature. As both
the clinical examination and surveillance CT scanswere performedwith
oncologic intent, rather than with a specific focus on IH detection, it is
theoretically possible that some asymptomatic, subclinical herniae re-
mained radiographically undetected during the follow-up period. A ret-
rospective study by Claes et al. did note that CT assessed by a radiologist
focused on the occurrence of an IH showed a significantly higher num-
ber of IH compared to routine CT assessment or routine clinical exami-
nation in an oncologic setting (12). Additionally, some baseline data
on patient factors that may have contributed to IH formation were not
recorded given the retrospective data analysis. With regard to statistical
power, a multivariate logistic regression was not performed due to the
low frequency of diagnosed IH in our study. Finally, the low number of
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patients with midline celiotomy incisions in this study limits the direct
comparisons to previously published series that have primarily evalu-
ated outcomes in midline incisions.

In conclusion, the large bite technique utilized in this practice expe-
rience was associated with an acceptably low IH rate of <3 % in both
subcostal and midline incisions, and a HFS that closely parallels OS. De-
spite the for themost part extensive nature of these operative interven-
tions, only a small proportion of patients appears to be negatively
impacted by incisional healing aspects. Our data also highlight the chal-
lenges in generalizing the results of randomized controlled trials on sur-
gical technique, as multiple other factors in addition to bite size likely
seem to play a role in IH formation. Based on our empirical findings,
the described large bite, low tension technique has remained our pre-
ferred closure standard, despite the level 1 data availability of the
STITCH trial for midline incisions, and our results suggest that the ques-
tion of best technique for celiotomy closure remains relevant. The de-
scribed technique can be recommended as a reliable celiotomy closure
option and as a technique for future comparative trial evaluation.
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