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ABSTRACT

Introduction: Assessment of bowel viability in incarcerated inguinal hernia remains challenging, often lead-
ing to exploratory laparotomy due to uncertainty. Hernia sac laparoscopy (transhernial laparoscopy) has
been proposed as a minimally invasive adjunct to guide intraoperative decision-making. This study evalu-
ates the safety and diagnostic performance of hernia sac laparoscopy in patients with incarcerated indirect
inguinal hernia.

Materials and Methods: A retrospective single-center analysis was conducted on 48 consecutive patients
undergoing emergency surgery for incarcerated indirect inguinal hernia. In all cases, bowel viability was
assessed via insertion of an 11-mm trocar through the hernia sac prior to definitive repair. Laparotomy was
performed when ischemia was suspected. All patients underwent open Lichtenstein repair. Diagnostic per-
formance parameters were calculated using bowel resection as confirmation of ischemia.

Results: Midline laparotomy was required in 6 patients (12.5%). Five patients had confirmed bowel ischemia
requiring resection with primary anastomosis. One patient underwent non-therapeutic laparotomy without
resection. No bowel perforation or intra-abdominal contamination was observed. There were no cases of
missed ischemia. Hernia sac laparoscopy demonstrated a sensitivity of 100%, specificity of 97.7%, positive
predictive value of 83.3%, and negative predictive value of 100% for detecting bowel ischemia.

Conclusions: Hernia sac laparoscopy is a safe and effective decision-guiding tool in incarcerated indirect
inguinal hernia, demonstrating excellent sensitivity and negative predictive value for bowel ischemia. This
technique may help avoid unnecessary laparotomy while maintaining surgical safety.
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Introduction

Incarcerated inguinal hernia is a common surgical
emergency that may progress to strangulation and bow-
el ischemia if not promptly managed." Early operative
intervention is strongly recommended to prevent irre-
versible intestinal injury and systemic complications.
P Determining bowel viability intraoperatively remains
one of the most critical challenges in these patients."
Clinical findings and laboratory parameters are often
nonspecific in predicting intestinal ischemia.”! Although
computed tomography may provide supportive informa-
tion, its sensitivity in detecting early or reversible isch-
emia remains limited, particularly when spontaneous
reduction occurs or when the incarcerated bowel seg-
ment cannot be fully evaluated through the hernia sac.”
Traditionally, when bowel viability is uncertain, sur-
geons perform exploratory midline laparotomy for direct
inspection of the intestine. While effective, non-ther-
apeutic laparotomy is associated with increased oper-
ative trauma, postoperative pain, prolonged hospital
stay, and higher morbidity rates.!’ Therefore, a reliable
and minimally invasive method to assess bowel viabili-
ty while avoiding unnecessary laparotomy is desirable.”
Emergency inguinal hernia repair presents distinct tech-
nical challenges compared to elective surgery. Edema-
tous tissues, venous congestion, and restricted exposure
through the inguinal incision may hinder adequate visu-
alization of the incarcerated bowel segment.® Further-
more, intraoperative assessment based solely on bowel
color and peristalsis is subjective and may be mislead-
ing, especially in cases of reversible venous ischemia.?!
Misjudgment may lead either to unnecessary laparotomy
or to missed bowel necrosis with serious consequences.
Minimally invasive laparoscopic techniques have increas-
ingly been applied in the management of incarcerated
inguinal hernias, allowing intraperitoneal evaluation
and facilitating surgical decision-making.!®' By provid-
ing panoramic visualization of the incarcerated bow-
el and adjacent mesentery, this approach may improve
decision-making regarding the need for laparotomy.
Beyond intraoperative assessment, hernia sac handling
and preservation of peritoneal integrity have also been
shown to influence early postoperative outcomes in open
Lichtenstein repair, particularly postoperative pain.™
However, its structured use as a standardized de-
cision-guiding adjunct in incarcerated indirect in-
guinal hernia has not been sufficiently evaluat-
ed in contemporary emergency surgical practice.l?
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The aim of this study was to assess the safety and diagnos-
tic performance of hernia sac laparoscopy in determining
bowel viability and guiding the need for laparotomy in
patients undergoing emergency surgery for incarcerated
indirect inguinal hernia.

Materials and Methods

Study Design and Ethical Approval

This retrospective observational study included consec-
utive adult patients who underwent emergency surgery
for incarcerated indirect inguinal hernia between January
2021 and December 2025 at Malatya Turgut Ozal Universi-
ty. The study protocol was approved by the Malatya Turgut
Ozal University Health Sciences Scientific Research Ethics
Committee (Approval No: E-30785963-020-370843). Owing
to the retrospective design of the study, the requirement
for informed consent was waived. It has been conducted
in accordance with the Helsinki Declaration.

Patient Selection

All patients diagnosed with incarcerated indirect inguinal
hernia requiring urgent surgical intervention were con-
sidered eligible for inclusion. Patients presenting with
generalized peritonitis, hemodynamic instability, or pre-
operatively evident bowel perforation were excluded. De-
mographic characteristics, laboratory parameters includ-
ing white blood cell count, C-reactive protein, and serum
albumin levels, operative findings, need for laparotomy,
bowel resection, postoperative complications, and length
of hospital stay were retrieved from institutional electron-
ic medical records.

Surgical Technique

All operations were performed under general anesthesia
according to a standardized surgical protocol. Following
inguinal incision and careful dissection of the hernia sac,
the sac was opened and an 11-mm trocar was inserted di-
rectly into the peritoneal cavity under direct visualization
to accommodate a standard 10-mm laparoscope and allow
adequate intraperitoneal inspection. Pneumoperitoneum
was established at low intra-abdominal pressure (8-10
mmHg) to allow safe intraperitoneal inspection. Bowel vi-
ability was evaluated based on color, peristalsis, mesen-
teric vascularity, and the presence of venous congestion.
If the bowel was considered viable, no additional ab-
dominal exploration was undertaken and definitive
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repair was completed using open Lichtenstein mesh re-
pair. When bowel ischemia was suspected based on lap-
aroscopic findings, a midline laparotomy was performed
for direct assessment. Irreversible ischemia was defined
as persistent discoloration, absence of peristalsis, and
compromised mesenteric circulation necessitating bow-
el resection. In such cases, bowel resection with primary
anastomosis was performed. Non-therapeutic laparotomy
was defined as laparotomy without subsequent bowel re-
section.

Outcomes

The primary outcome of the study was the requirement for
midline laparotomy. Secondary outcomes included bowel
resection rate, postoperative complications classified ac-
cording to the Clavien-Dindo classification, and length of
hospital stay. Bowel resection was accepted as confirma-
tion of true ischemia. Diagnostic performance of hernia
sac laparoscopy in detecting bowel ischemia was calcu-
lated accordingly.

Statistical Analysis

Normality of continuous variables was assessed using the
Shapiro-Wilk test. Continuous variables were expressed
as mean = standard deviation or median with interquar-
tile range depending on distribution, while categorical
variables were presented as frequencies and percentages.
Patients were categorized according to the need for lapa-
rotomy, and comparisons between groups were performed
using the Mann-Whitney U test for continuous variables
and Fisher’s exact test for categorical variables. Diagnos-
tic performance parameters including sensitivity, spec-
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ificity, positive predictive value, and negative predictive
value were calculated with 95% confidence intervals. Sta-
tistical analyses were conducted using SPSS version 26.0
(IBM Corp., Armonk, NY, USA), and a two-tailed p-value
less than 0.05 was considered statistically significant.

Results

A total of 48 patients underwent emergency surgery for in-
carcerated indirect inguinal hernia during the study peri-
od. The median age was 59 years (IQR 53.5-71.8). The cohort
demonstrated amedian whiteblood cell countof10.68 x103/
uL (IQR 7.86-13.78), median CRP level of 0.7 mg/L (IQR 0.3-
3.6), median serum albumin of 4.1 g/dL (IQR 3.78-4.4), and
median symptom duration of 4 hours (IQR 3-6) (Table 1).
Patients requiring laparotomy had markedly prolonged
symptom duration compared to those managed conserva-
tively (median 19 vs 4 hours, p=0.0001). CRP levels were
substantially elevated in the laparotomy group (median
16.34 vs 0.5 mg/L, p=0.0019), while serum albumin lev-
els were significantly lower (median 3.75 vs 4.15 g/dL,
p=0.0489). No statistically significant differences were
observed in age (p=1.000) or WBC levels (p=0.938). Length
of hospital stay was significantly longer in the laparotomy
group (median 4.5 vs 1 day, p<0.001) (Table 1).

Midline laparotomy was required in 6 patients (12.5%).
Among these patients, 5 (83.3%) had confirmed irre-
versible bowel ischemia requiring resection, where-
as 1 patient (16.7%) underwent non-therapeutic lapa-
rotomy. In contrast, none of the 42 patients managed
without laparotomy developed delayed
All resections were followed by primary anastomosis.
No bowel perforation, intra-abdominal contamination,

ischemia.

Table 1. Baseline characteristics of the study population

Variable Overall (n=48) No Laparotomy (n=42) Laparotomy (n=6) p

Age, years 59 (53.5-71.8) 59 (54-70.8) 62.5 (52.5-72.5) 1.000
Sex, male/female 29/19 25/17 4/2 1.000
WBC (x103/pL) 10.68 (7.86-13.78)  10.68 (7.77-13.96)  11.42 (8.38-13.43) 0.938
CRP (mg/L) 0.7 (0.3-3.6) 0.5(0.23-2.24) 16.35 (8.25-23.93) 0.0019
Albumin (g/dL) 4.1 (3.78-4.4) 4.15 (3.8-4.48) 3.75(3.3-3.98) 0.0489
Symptom duration (hours) 4 (3-6) 4 (2.25-5) 19 (18-21.5) 0.0001
Hernia defect size (mm) 18 (15—20.25) 18 (15—20.75) 14.5 (14-15) 0.076
Length of hospital stay (days) 1(1-1) 1(1-1) 4.5 (2.5-5) <0.001

Data are presented as median (interquartile range) unless otherwise indicated. WBC: white blood cell count; CRP. C-reactive protein; IQR:
Interquartile range. Most patients were discharged on postoperative day 1, resulting in a narrow interquartile range for length of hospital stay.
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or anastomotic leakage occurred. Postoperative compli-
cations were observed in 3 patients (6.25%), all of which
were minor bleeding events that were managed conserva-
tively without the need for re-operation or blood transfu-
sion. No Clavien—Dindo grade III or higher complications
were recorded, and there was no mortality (Table 2).

Diagnostic evaluation based on bowel resection as con-
firmation of ischemia yielded a sensitivity of 100% and
specificity of 97.7%. The positive predictive value was
83.3%, and the negative predictive value was 100%. The
false-positive rate was 2.1%, and no false-negative cases
were identified (Table 3).

Table 2. Operative and postoperative outcomes

Variable Overall (n=48)
Hernia sac laparoscopy attempted 48 (100%)
Midline laparotomy 6 (12.5%)
Bowel resection 5 (10.4%)
Non-therapeutic laparotomy 1(2.1%)
Primary anastomosis performed 5(10.4%)
Bowel perforation 0 (0%)
Intra-abdominal contamination 0 (0%)
Postoperative bleeding 3(6.25%)
Other complications 0 (0%)
Clavien—Dindo = IlI 0 (0%)
Mortality 0 (0%)
Length of stay (days), median (IQR) 1(1-1)

IQR: Interquartile range. Values are presented as number (%) unless
otherwise indicated. Postoperative complications were classified
according to the Clavien—Dindo system. Non-therapeutic laparoto-
my was defined as laparotomy without bowel resection.

Table 3. Diagnostic performance of hernia sac

laparoscopy

Parameter Value 95% Cl

Sensitivity 100% 47.8-100
Specificity 97.7% 87.7-99.9
Positive predictive value 83.3% 35.9-99.6
Negative predictive value 100% 91.6-100

Sensitivity, specificity, positive predictive value, and negative pre-
dictive value were calculated using bowel resection as the reference
standard. Confidence intervals were calculated at the 95% level.
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Discussion

Incarcerated inguinal hernia represents a frequent surgi-
cal emergency in which timely and accurate assessment
of bowel viability is critical.’® The major intraoperative
dilemma is distinguishing reversible venous congestion
from irreversible ischemia, a challenge well recognized
in emergency abdominal surgery.™ In many centers, un-
certainty regarding intestinal viability leads to explorato-
ry laparotomy, potentially increasing operative trauma
and postoperative morbidity.” In this study, hernia sac
laparoscopy demonstrated high diagnostic accuracy and
effectively guided the decision to perform laparotomy.
The most important finding of our study is the absence of
missed bowel ischemia. Among 48 patients, five had con-
firmed irreversible ischemia requiring resection, and all
were correctly identified intraoperatively. Although one pa-
tient underwent non-therapeutic laparotomy, no false-neg-
ative cases were observed. This resulted in a sensitivity
and negative predictive value of 100%, suggesting that
transhernial laparoscopic evaluation may be particularly
reliable in ruling out bowel ischemia. From a surgical safe-
ty perspective, avoiding missed ischemia is more critical
than preventing occasional non-therapeutic exploration,
as delayed diagnosis of intestinal necrosis is associated
with significantly increased morbidity and mortality."®
Another notable finding is that laparotomy was required in
only 12.5% of patients. In routine emergency practice, in-
carcerated hernias may prompt liberal use of exploratory
laparotomy due to concern for strangulation.'” The use of
hernia sac laparoscopy in our series allowed selective lap-
arotomy only in patients with suspicious findings. Among
the six patients who underwent laparotomy, one case
(16.7%) was non-therapeutic, corresponding to an overall
rate of 2.1% in the study population. This low rate reflects
a cautious yet safe decision-making strategy consistent
with contemporary minimally invasive emergency sur-
gery principles. The laparotomy rate observed in our study
(12.5%) appears to be relatively low compared with previ-
ously reported rates in patients with incarcerated inguinal
hernia, where laparotomy or bowel resection rates ranging
between 15% and 30% have been reported in the literature.
Our comparative analysis further demonstrated that pro-
longed symptom duration, elevated CRP levels, and low-
er serum albumin were significantly associated with the
need for laparotomy. Prolonged ischemic time is a well-es-
tablished predictor of bowel necrosis.'® Elevated CRP may
reflect systemic inflammatory response secondary to isch-
emia, while hypoalbuminemia has been associated with
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impaired physiological reserve and worse surgical outcomes
in emergency settings." These findings suggest that clinical
and laboratory parameters may complement intraoperative
assessment in predicting bowel compromise. Although the
difference in hernia defect size did not reach statistical sig-
nificance, a trend toward smaller defect size was observed
in patients requiring laparotomy. Smaller defects may the-
oretically lead to tighter constriction of the incarcerated
bowel segment and earlier ischemic compromise, a hypoth-
esis that warrants further investigation in larger studies.
All definitive repairs were performed using the open Lichten-
stein technique, and no intra-abdominal contamination or
bowel perforation was observed. Resections were followed
by primary anastomosis without postoperative leakage. The
absence of mortality and the low complication rate further
support the safety of this approach when applied in appro-
priately selected patients. Contemporary evidence contin-
ues to support the Lichtenstein technique as a reliable and
reproducible method in inguinal hernia repair, including in
emergency contexts when contamination is absent. Ongoing
refinements in mesh technology and perioperative manage-
ment aim to further improve postoperative outcomes and pa-
tient comfort.? Although laparoscopic techniques such as
TAPP and TEP are widely used in elective inguinal hernia re-
pair, their application in emergency incarcerated hernia cas-
es remains limited in many centers. Bowel distension, edem-
atous tissues, and the potential need for bowel resection may
increase technical difficulty and operative time. Therefore,
open Lichtenstein repair was preferred in our cohort as a re-
liable and reproducible technique in the emergency setting.
The present study has several limitations. Its retrospective
design and single-center nature limit generalizability. No
formal sample size or power calculation was performed due
to the retrospective design of the study. The relatively small
number of patients requiring laparotomy may affect the
precision of diagnostic performance estimates. Addition-
ally, bowel viability assessment remains partly subjective
despite laparoscopic visualization. Additionally, long-term
follow-up data regarding hernia recurrence and mesh-relat-
ed outcomes were not available in this retrospective analysis.
Larger prospective studies are needed to validate these find-
ings and to determine whether standardized viability criteria
could further enhance intraoperative decision-making.

Conclusion

Hernia sac laparoscopy appears to be a safe and practical
adjunct in the management of incarcerated indirect ingui-
nal hernia. By allowing direct intraperitoneal assessment
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of bowel viability, this technique may help guide intraop-
erative decision-making and reduce unnecessary laparot-
omy. Larger prospective studies are needed to further val-
idate these findings and determine its role in emergency
hernia surgery.
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