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Abstract

Purpose The role of abdominal compliance in pneumoperitoneum is not fully understood. This study aimed to clarify the
association between abdominal wall stretching tendency and surgical stress in laparoscopic groin hernia repair.

Methods We conducted a retrospective single-center cohort study, evaluating 51 patients who underwent elective transab-
dominal preperitoneal groin hernia repair. Abdominal compliance was assessed using the abdominal compliance index (ACI;
insufflated intra-abdominal volume [L] / body surface area [m?]) at 8§ mmHg intra-abdominal pressure. Surgical stress and
recovery were evaluated with patient-reported outcome measures (PROMs), including QOR-15 and pain visual analog scale
(VAS) scores. Associations between ACI, PROMs, and clinical outcomes were analyzed.

Results The median ACI was 1.229 L/m? (0.369-2.091). Eleven patients (21.6%) above the 75th percentile cutoff (1.576 L/
m?) were categorized as high ACI. While body constitution was similar between groups, the high ACI group had significantly
greater insufflated intra-abdominal volume (2.88 L vs. 1.89 L, P <0.0001). Pre-operative QOR-15 scores were similar. How-
ever, on postoperative day 1, the high ACI group had significantly lower QOR-15 scores (90.2 vs. 110.1, P=0.017), with
subcategory analysis showing reduced physical well-being. Multivariate analysis indicated that high ACI was a significant
predictor of poorer QOR. The high ACI group also reported higher, though not statistically significant, postoperative pain.
Conclusion Abdominal walls with greater elasticity, which stretch excessively under pneumoperitoneum, were more suscep-
tible to surgical stress. Further studies are warranted to evaluate the efficacy of tailored pneumoperitoneum pressure adjust-
ment based on abdominal compliance to mitigate surgical stress.

Keywords Abdominal compliance - Transabdominal preperitoneal groin hernia repair - Patient-reported outcome
measure - Postoperative recovery - Quality of recovery

Introduction insufflation pressure provides a larger laparoscopic work-
space, the maximum expansion capacity varies between

Abdominal compliance (AC) is the measure of ease of  patients due to individual body composition and abdominal

abdominal expansion and is defined as the change in intra-
abdominal volume (IAV) per change in intra-abdominal
pressure (IAP) [1]. In laparoscopic surgery, AC is pivotal
in determining the extent to which the abdominal cav-
ity expands at a given insufflation pressure. While higher
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rigidity [2]. Although the understanding of AC may opti-
mize IAP management in laparoscopic surgery, the precise
measurement of AC requires specific instruments or imag-
ing devices [3-5]. Recognizing the challenges of real-time
AC evaluation in clinical settings, we introduced a surro-
gate index, namely, the abdominal compliance index (ACI),
easily calculated using the gas volume in the initial pneu-
moperitoneum insufflation [6]. ACI serves as a predictor of
abdominal wall stretching tendency.

In recent studies, we demonstrated that lower insufflation
pressure was associated with reduced postoperative pain in
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laparoscopic groin hernia repair [7]. However, a subset of
patients with high ACI experienced higher postoperative
pain and longer hospital stay despite low-pressure settings
[6]. The higher tendency of the abdominal wall to extend
at a given IAP was suspected to cause increased muscular
and nervous stress. These investigations have unveiled a
broader role for AC, extending beyond its original scope of
assessing abdominal wall stretching capacity. Our studies
indicated that AC may be intricately linked with and poten-
tially serve as a predictor of postoperative outcomes in lapa-
roscopic surgery.

In this study, we further investigated the influence of AC
on surgical stress and postoperative recovery. To this end,
we employed a patient-reported outcome measure (PROM)
to evaluate the patient’s subjective quality of recovery. The
QOR-15 is a valid, reliable, and responsive PROM that
assesses emotional state, psychological support, physical
independence, physical comfort, and pain through a 15-item
questionnaire [8]. QOR-15 is a clinically feasible modifica-
tion of the more extensive QOR-40 questionnaire [9].

We aimed to investigate the association between AC and
postoperative patient subjective outcomes and elucidate the
role of abdominal compliance in surgical stress after lapa-
roscopic surgery.

Patients and methods
Study design and setting
This retrospective cohort study was conducted at Yamato
Takada Municipal Hospital. We reviewed all patients who

underwent groin hernia surgery from June 2023 to May
2024. Data were extracted from electronic medical records.

Total inguinal hernia surgeries n=98
Excluded n=35

* Opensurgery n=19
* No ACl measurement n=16

Laparoscopic surgery with

Excluded n=12
ACl measurement n=63

Open conversion n=3
Incarcerated hernia n=2
Unconventional TAPP n=4
Incomplete questionnaire n=3

Surgical outcome analyzed n=51

Fig. 1 Flow chart diagram of patient inclusion criteria
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Patients

During the study period, 98 groin hernia surgeries were
performed. Among the 79 patients who underwent laparo-
scopic groin hernia repair, ACI was measured in 63.

Patients included in the final analysis met the following
criteria: (1) Underwent a standard transabdominal preperi-
toneal (TAPP) laparoscopic procedure, (2) had the IAV mea-
sured during the procedure, and (3) completed the QOR-15
questionnaire on the day after surgery.

Exclusion criteria included: Conversion to open surgery
due to intra-abdominal adhesions (n=3), emergency sur-
gery for incarcerated hernia (n=2), unconventional TAPP
procedures such as additional trocar placement, modified
IPOM, or very low pneumoperitoneum pressure (# =4), and
inability to complete or cooperate with the QOR-15 ques-
tionnaire (n=3).

The final analysis included 51 patients who underwent
elective TAPP (Fig. 1).

Surgical procedures

Laparoscopic groin hernia repairs were performed using
the TAPP technique. Pneumoperitoneum was generally
maintained at an AP of 8 mmHg, with adjustments made
according to the surgeon’s preference. Dissection extended
medially over the midline, more than 3 cm beyond Hessel-
bach’s triangle ventrally, laterally over the anterior superior
iliac spine, and more than 5 cm below the iliopubic tract
dorsally. A single type of lightweight 3D mesh was used
in all cases. The standard mesh size was 10X 15 c¢m, but
medium-sized meshes were used when adjustments were
needed for body size or dissection plane. Fixation was per-
formed using five absorbable tacks, with variations based on
surgeon preference. At the end of the surgery, CO, evacu-
ation was visually confirmed under the laparoscope before
removing the trocars, without using any additional manual
gas evacuation techniques. General anesthesia with deep
neuromuscular blockade was routinely administered, with
the train-of-four (TOF) monitored and maintained at a count
of 0 throughout the surgery. Neuromuscular blockade was
reversed using sugammadex at the end of the procedure.
Additionally, bilateral rectus sheath blocks were adminis-
tered pre-incision, using 60 ml of 0.2% ropivacaine (40 ml
for patients weighing less than 40 kg).

Postoperative pain management

Routine postoperative and post-discharge adjuvant analge-
sia was not administered. Postoperative rescue analgesia
with NSAIDs was provided upon the patient’s request at
appropriate intervals.
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Data collection

ACI was used as a surrogate measure of AC [6]. ACI reflects
the degree of abdominal expansion during pneumoperito-
neum, adjusted for the patient’s body constitution. Pneu-
moperitoneum was established at § mmHg IAP, and once
equilibrium was reached, the insufflated IAV was measured
using the cumulative CO, volume gauge on the insufflation
unit. ACI was calculated as follows:

ACT (L/m?)
insufflated TAV (L)

~ Du Bois body surface area (mn?)
insufflated TAV (L)

(0.007184 x Height [em]”™ x Weight [kg|***)

Among the 63 patients who had IAV measured during the
laparoscopic approach, the median ACI was 1.229 L/m?
(range, 0.369-2.091 L/m?). ACI was categorized into high
and low groups using a 75th percentile cutoff of 1.576 L/m?.
This cutoff was selected because it was an objective thresh-
old that approximately aligned with a significant value
identified in our prior research [6], suggesting its potential
relevance in categorizing abdominal compliance levels.

Patient demographics included age, gender, height,
weight, body mass index, body surface area, and Ameri-
can Society of Anesthesiologists (ASA) score. Intraopera-
tive variables included insufflated intra-abdominal volume,
insufflated intra-abdominal pressure, affected side, opera-
tion time, Japanese Hernia Society (JHS) groin hernia clas-
sification, implanted mesh size, and mesh fixating tacks
count. Type of hospital room was also documented to evalu-
ate the environmental influencing factors of postoperative
recovery.

Surgical outcomes

Surgical outcomes were measured using PROMs. Surveys
were administered on three occasions: the day before sur-
gery, postoperative day 1 (POD1), and at the first post-hos-
pital discharge visit. The primary outcome was the patient’s
subjective surgical stress and postoperative recovery, as
measured by the QOR-15 scale [8], which ranges from 0
to 150 points, with higher scores indicating better recovery.

The QOR-15 consists of 15 questions that assess various
aspects of recovery: (1) able to breathe easily, (2) able to
enjoy food, (3) feeling rested, (4) having had a good sleep,
(5) able to look after personal toilet and hygiene unaided, (6)
able to communicate with family or friends, (7) receiving
support from hospital doctors and nurses, (8) able to resume
work or usual home activities, (9) feeling comfortable and
in control, (10) having a sense of general well-being, (11)

experiencing moderate pain, (12) experiencing severe pain,
(13) nausea or vomiting, (14) feeling worried or anxious,
and (15) feeling sad or depressed. These questions can be
grouped to represent the physical and mental aspects of
postoperative recovery [8]. Questions 11 and 12 reflect
pain, questions 1, 2, 3, 4, and 13 reflect physical comfort,
and questions 5 and 8 reflect physical independence. Psy-
chological support is assessed by questions 6 and 7, while
the emotional state is measured by questions 9, 10, 14, and
15. Physical well-being is represented by the combina-
tion of pain, physical comfort, and physical independence,
while mental well-being comprises psychological support
and emotional state. These subgroups of QOR-15 were also
documented and analyzed.

Secondary outcomes included postoperative pain,
assessed using a 10-point visual analog scale (VAS), and
length of hospital stay.

Statistical analysis

Categorical variables were compared using the chi-square
or Fisher’s exact test, as appropriate. Continuous variables
were analyzed using Student’s t-test. A multivariate linear
regression analysis was conducted to identify potential pre-
dictors of QOR-15 scores on POD1. Variables included in
the analysis were selected based on borderline to signifi-
cant differences between the groups (P <0.1). Additionally,
linear regression analysis was performed to assess the cor-
relation between post-discharge days and the increase in
QOR-15 scores, and the correlation between tack fixation
count and QOR-15 scores. Statistical significance was con-
sidered for P values < 0.05. All statistical analyses were per-
formed using GraphPad Prism 5 (GraphPad Software, San
Diego, CA, USA) and IBM SPSS Statistics (Version 28).

Results

Patient demographics of the final dataset of 51 patients
are detailed in Table 1. The median ACI and range were
consistent with those of the total data set, at 1.229 L/m?
(0.369-2.091). Eleven patients (21.6%) were classified
into the high ACI group. Comparison between the high and
low ACI groups revealed no differences in characteristics
such as age, gender, ASA classification, height, and weight.
Although BMI trended to be lower in the high ACI group,
both groups had similar body surface area and overall body
constitution. However, the high ACI group exhibited a sig-
nificantly larger insufflated intra-abdominal volume than the
low ACI group. (2.88 L vs. 1.89 L, P<0.0001). Conversely,
the average pneumoperitoneum pressure was significantly
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Table 1 Patient demographics and background

Table 2 Surgical results and outcomes

High ACI Low ACI P value High ACI Low ACI P value
(n=11)  (n=40) (n=11)  (n=40)
Age (years) Median 73 67 0.108 Affected side (%)
(range) (69-82)  (36-84) Right 4(36.7) 27(67.5) 0.231%*!
Gender (%) Left 4(36.7)  10(25.0)
Male 9(81.8) 35(87.5) 0.635 Bilateral 3(7.3) 3(7.5) 0.105%2
Female 2(182) 5(125) JHS classification (in (%)
ASA classification (%) unilateral cases)
2 or less 11(100) 37(92.5) 1.000 M 1-2 1(125)  6(16.2)  0.651%3
3 or more 0(0) 3(7.5) M3 1(125)  3(8.0)
Height (cm) mean (SD) 165 (8.1) 165 (8.5) 0.866 L1-2 5(62.5) 22(59.5)
Weight (kg) Mean (SD) 57 (9.8) 62 (12.4) 0.189 L3 1(12.5) 4(10.8)
Body mass index Mean (SD) 20.8 (2.6) 22.6(2.8) 0.067 F1-3 0(0) 2(5.4)
(kg/m?) Unilateral operation time  Mean 78 (22.6) 84 (21.0) 0.534
Body surface area ~ Mean (SD) 1.61 1.68 0.296 (minutes) (SD)
(m?) (0.16) (0.19) Mesh size (in unilateral (%)
Intra-abdominal Mean (SD) 2.88 1.89 <0.0001 cases)
volume (L) (0.50) 0.41) Medium 2(25.0) 6(16.2) 0.617
Intra-abdominal Mean (SD) 8.18 8.85 0.040 Large 6(75.0) 31(83.8)
pressure (mmHg) (0.60)  (1.00) Tack fixation count (in ~~ Mean 5.5 (1.06) 5.6 (0.92) 0.799
Abdominal compli- Mean (SD) 1.77 1.13 <0.0001 unilateral cases) (SD)
ance index (L/m?) (0.19) (0.24) Hospital room type (%)
ACI .abdo.minal compliance index, 4S4 American Society of Anes- Shared 7(63.6) 28(70.0) 0.723
thesiologists Private 4(364) 12(30.0)
VAS pain scale on POD1  Mean 6.4 (2.31) 5.2(3.00) 0.258
higher in the low ACI group (8.18 mmHg vs. 8.85 mmHg, (SD)
P=0.04). Postoperative hospital stay Mean 2.1 (0.53) 2.1(0.63) 0.965
In terms of surgical outcomes, it is noteworthy that  (days) (SD)

bilateral lesions had significantly lower QOR scores com-
pared to unilateral lesions (80.8 vs. 109.2, P=0.007). How-
ever, the proportion of bilateral cases was similar between
the two ACI groups, and there were no differences in the
affected side. No other differences were observed between
the groups regarding JHS classification, unilateral operation
time, implanted mesh size, tack fixation count, or hospital
room type (Table 2). For unilateral cases, the number of tacks
used for mesh fixation ranged from 3 to 8, but a higher tack
count did not correlate with lower QOR scores (R?>=0.001,
P=0.78). Additionally, neither larger hernia lesions (97.2
vs. 112.1, P=0.09) nor larger mesh sizes (107.9 vs. 115.1,
P=0.44) were associated with worse recovery outcomes.
No patients experienced postoperative complications that
required additional interventions.

Pre-operative QOR-15 scores were similar between both
groups. However, on POD1, the high ACI group demon-
strated significantly lower QOR-15 scores compared to the
low ACI group (90.2 vs. 110.1, P=0.017). Specifically, the
high ACI group reported lower, but not significant scores
in pain (8.2 vs. 11.3, P=0.108), significantly lower physi-
cal comfort (33.6 vs. 39.4, P=0.035), and physical inde-
pendence (8.6 vs. 12.6, P=0.043), resulting in significantly
lower overall physical well-being than the low ACI group
(50.5 vs. 63.3, P=0.012). There were no significant differ-
ences in psychological support or emotional state between
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*1 Right vs. Left, *2 Unilateral vs. Bilateral, *3 L3/M3 vs. L1-2/
M1-2/F

ACI abdominal compliance index, JHS Japanese Hernia Society, VAS
visual analogue scale, POD postoperative day

the groups, although overall mental well-being tended to
be lower in the high ACI group (39.7 vs. 46.7, P=0.08)
(Fig. 2).

A multivariate linear regression analysis was conducted
with high ACI, BMI, AV, and IAP as independent variables
(R=0.154). The results revealed that high ACI and AV
were significant independent predictors of QOR on POD1
(Table 3).

After a mean follow-up of 22.7+9.21 days, both groups
showed similar average QOR-15 scores and exhibited
excellent recovery at the first post-hospital discharge visit
(Fig. 2). In the low ACI group, a significantly positive but
weak correlation (R>=0.127, P=0.038) was observed
between days after discharge and QOR-15 score recovery.
When comparing QOR scores across three post-discharge
intervals, the low ACI group demonstrated significantly
higher scores (137.0 vs. 148.3, P=0.001), nearing the max-
imum of 150 points, from day 30 onwards. The high ACI
group, meanwhile, maintained a good to excellent level of
recovery (Fig. 3).
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Fig. 2 (a) Transition of QOR-15 scores. The high ACI group demon-
strated significantly lower scores on POD1. Both groups recovered
to preoperative standards by the first post-hospital discharge visit (b)

Table 3 Multivariate analysis of predictors of QOR-15 score on POD1

Variant Beta Coefficient (95% Standard P value VIF
CI) Error

High ACI -36.3 (-60.1 and 11.83 0.004 1.86
-12.4)

BMI 0.65 (-2.09-3.40) 1.36 0.632 1.32

1AV 17.80 (1.49-34.1) 8.08 0.033 1.90

IAP 3.11 (-5.20-11.43) 4.12 0.454 1.39

PODI Postoperative day 1, ACI Abdominal compliance index, BMI
Body mass index, /4V intra-abdominal volume, /4P intra-abdominal
pressure, CI confidence interval, VIF Variance inflation factor

Sub-categories of QOR-15 on POD1. Overall physical well-being was
significantly lower in the high ACI group, while differences in mental
aspects were not significant

Regarding secondary outcomes, the high ACI group
exhibited higher, though not statistically significant, levels
of postoperative pain as measured by VAS pain scales and
comparable hospital stays compared to the low ACI group
(Table 2).

Discussion
Our results indicate that patients with a heightened tendency

for abdominal stretching experience greater surgical stress
and poorer postoperative recovery during the acute period
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Fig. 3 (a) Correlation between QOR recovery and days after hospital
discharge. The low ACI group exhibited a significantly positive but
weak correlation, whereas the high ACI group did not show a signifi-

following surgery. This finding is particularly relevant in
groin hernia surgery, given the global prevalence of ambula-
tory procedures. Indeed, surgical stress factors, such as inad-
equate pain control, have been reported as critical reasons
for converting day surgeries to hospital stays [10, 11]. Con-
sequently, AC may be a crucial factor to consider in ambu-
latory laparoscopic procedures. Additionally, we examined
recovery over the longer postoperative period up to the first
hospital visit after discharge. Although the sample size was
limited for conclusive analysis, the data indicated a trend
suggesting that lower ACI may be associated with more
consistent improvements in recovery. In contrast, the high
ACI group showed a stable but less pronounced upward
trend, implying a different recovery trajectory potentially
influenced by abdominal compliance. These findings high-
light the need for further investigation into the association
between ACI and long-term postoperative outcomes.
Various perioperative factors [12—14] were examined
to determine their contribution to differences in surgical
stress between the high and low ACI groups. Factors such
as the extent of dissection and the size of the hernia could
involve more extensive tissue handling, potentially leading
to increased surgical stress. Larger hernia lesions and larger
mesh sizes were presumed to reflect the extent of dissec-
tion; however, neither of these factors was associated with
poorer QOR scores. Similarly, since mesh fixation is known
to contribute to postoperative pain, the number of tacks used
was assessed, but no correlation was found between tack
numbers and QOR scores. Notably, bilateral lesions, which
involve twice the dissection area and higher tack numbers,
were associated with significantly lower QOR scores, sug-
gesting that these factors play a role in postoperative recov-
ery. Nonetheless, these factors did not explain the differences
observed between the high and low ACI groups. The QOR-
15 questionnaire, as a generic measure of postoperative
recovery, captures both physical and mental aspects, which
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cant correlation. (b) Comparison of QOR scores across post-discharge
intervals. The low ACI group demonstrated significantly higher scores
from day 30 onward

means that environmental factors, such as bed quality, room
conditions, noise levels, and shared accommodation, could
influence scores related to sleep, restfulness, and comfort.
We documented the hospital room types to account for these
potential influences, and most patients were accommodated
in shared rooms with similar environments, minimizing
variability. Additionally, subgroup analysis revealed no sig-
nificant differences in the mental well-being components
of the QOR-15 between the two groups, indicating that the
observed differences in surgical stress were more likely due
to physical factors. Finally, multivariate analysis demon-
strated that a high ACI was independently associated with
poorer QOR scores, supporting the notion that the tendency
for increased abdominal stretch during pneumoperitoneum
is a significant contributor to surgical stress.

In the context of pneumoperitoneum, AC plays a piv-
otal role in determining the extent to which the abdomen
expands at a given insufflation pressure. While higher insuf-
flation pressure ensures a larger laparoscopic workspace, as
a trade-off the high IAP affects physiological function. In
high-pressure settings such as bariatric surgery, where the
IAP can rise to 15 mmHg, pneumoperitoneum is known to
enhance venous stasis, reduce intraoperative urinary output,
increase airway pressure, and impair cardiac function [15].
Understanding the interplay between AC, IAP, and post-
operative outcomes is therefore essential in laparoscopic
surgery.

In our institution, the standard protocol involves main-
taining low pneumoperitoneum pressure. However, ade-
quate workspace is the priority and IAP was increased when
necessary. In this study, the low ACI group had significantly
higher IAP than the high ACI group, presumably increased
by the surgeon due to constraints associated with a con-
fined laparoscopic working space. Paradoxically, despite
the significantly lower IAP, the high ACI group showed
significantly increased physical surgical stress and higher
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postoperative pain. In other words, patients with low ACI
demonstrated a more rigid abdominal wall, displaying
greater tolerance to pneumoperitoneum stress but operat-
ing within a limited laparoscopic workspace. Conversely,
high ACI patients with more elastic abdominal walls were
susceptible to surgical stress even under low-pressure con-
ditions. These findings are consistent with the results of our
previous study conducted at another institution [6], further
supporting the hypothesis that mechanical stretching of the
abdominal wall by pneumoperitoneum is a major contribu-
tor to surgical stress, likely due to muscular and nerve strain.
Moreover, this highlights the ongoing clinical importance of
AC in laparoscopic surgery.

Various studies have shown the benefits of low-pressure
pneumoperitoneum, particularly in reducing postopera-
tive pain and enhancing recovery [16—18]. However, our
findings suggest that a uniform low-pressure setting may
not effectively alleviate surgical stress across all patients.
Specifically, patients with low ACI may tolerate pneumo-
peritoneum stress well and may not benefit from lower
pressures due to the associated constraints on the surgical
working space. A more effective approach could involve
identifying patients with high ACI, who are more suscep-
tible to excessive abdominal wall extension, and adjusting
pressure settings accordingly. Tailored low-pressure IAP
may potentially improve patient outcomes, but at present,
this involves a trial-and-error method adjusting to the low-
est pressure based on the surgeon’s subjective satisfactory
surgical view [19]. ACI may serve as a clearer reference for
adjusting intra-abdominal pressure to achieve an optimal
balance between minimizing surgical stress and maintain-
ing adequate laparoscopic working space. Easily calculated
during surgery, it offers a practical means to individualize
pneumoperitoneum pressure management based on the
patient’s characteristics. Future studies are warranted to
assess the feasibility and efficacy of selectively utilizing
very low-pressure pneumoperitoneum (6 mmHg) in groin
hernia patients with high ACI, to mitigate postoperative sur-
gical stress.

PROMs have become an essential tool in evaluating the
quality of groin hernia surgery, as modern expectations
extend beyond successful hernia repair to ensure a less
painful and more satisfactory postoperative experience [20].
While the advent of prosthetic meshes has reduced hernia
recurrence rates, the focus of surgical outcomes has shifted
to patient-centered concerns, such as chronic postoperative
pain and quality of life. These subjective experiences are
now critical indicators, measured through various generic
and disease-specific PROMs. The SF-36, a gold standard
in generic PROMs, has limitations in capturing changes in
quality of life following hernia surgery [21, 22], while more
comprehensive scales like the QOR-40 can be cumbersome

[9]. Though several hernia-specific PROMs have been
developed [23-26], their reliability and responsiveness
remain in question [27].

In this study, we opted for the QOR-15, a clinically fea-
sible and reliable PROM applicable across various surgical
settings, including preoperative, postoperative, ambulatory,
and elective surgery scenarios [28, 29]. The mean QOR-15
score difference between the high and low ACI groups on
POD1 was more than three times the minimum clinically
significant difference [30], underscoring the underestimated
impact of AC on the patient’s subjective experience of the
postoperative course. QOR-15 questions can be grouped
into sub-categories to evaluate the physical and mental bur-
den on patients [8]. Notably, the high ACI group exhibited
lower scores in physical aspects, emphasizing the impact
of abdominal wall extension on surgical stress. The use of
the QOR-15 in this study was crucial, providing valuable
insights into the relationship between AC, IAP, and postop-
erative outcomes. By effectively capturing both the physical
and mental aspects of patients’ experiences, it highlighted
the important role of AC in surgical stress and postoperative
recovery.

One limitation of this study was the incomplete feasibil-
ity of the QOR-15 questionnaire. Although the QOR-15 is
relatively simple and can be completed in approximately
2.7 min [29], three elderly participants (4.8%) found it
challenging, leading to incomplete data collection. This
highlights a crucial aspect: in the context of inguinal her-
nia surgery, where a significant portion of the population is
elderly, evaluation using PROMs may sometimes be diffi-
cult due to cognitive impairment. This consideration is par-
ticularly important given that elderly patients are often more
frail and susceptible to surgical stress. Therefore, scales
designed for patients with cognitive impairment, such as the
DQoL [31], or scales that can be completed by a caregiver,
such as the QOL-AD [32], may be considered alternative
assessments for elderly patients. Further studies are required
to assess the feasibility and reliability of these scales in the
postoperative setting. Secondly, while some studies suggest
that muscle relaxants do not affect abdominal wall elastic-
ity [33, 34], other reports indicate that deep neuromuscu-
lar blockade can improve the surgical workspace and view
[35], suggesting that neuromuscular blockade may promote
abdominal expansion. Although all patients in this study
underwent surgery using deep neuromuscular blockade, our
standard protocol maintained a low IAP at 8 mmHg, which,
when combined, has been shown to provide adequate surgi-
cal visualization while potentially reducing surgical stress
[19, 36]. However, we cannot entirely rule out the possibil-
ity that muscle relaxants may have contributed to muscu-
lar strain in patients with weaker abdominal walls. Lastly,
this study is limited by its retrospective, single-institution
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design and relatively small sample size. To address these
limitations, we identified and accounted for as many poten-
tial confounding variables as possible, conducting a mul-
tivariate analysis to better clarify the factors contributing
to the observed differences in surgical stress between the
ACI groups. A prospective study with standardized surgi-
cal protocols, such as consistent pneumoperitoneum pres-
sure, would provide clearer insights into the role of ACI in
laparoscopic groin hernia surgery. Additionally, evaluating
ACI across a wider spectrum of diseases and laparoscopic
procedures could offer a more comprehensive understand-
ing of the clinical significance of AC in the pneumoperito-
neum setting.

In conclusion, abdominal expansion by pneumoperito-
neum was a crucial factor of surgical stress and postopera-
tive recovery in laparoscopic groin hernia repair. High ACI
represented a heightened tendency of abdominal wall exten-
sion, which was less tolerant to pneumoperitoneum-induced
surgical stress. Future studies are warranted to investigate
the efficacy of selectively adjusting insufflation pressure to
mitigate surgical stress in such patients susceptible to exces-
sive abdominal expansion by pneumoperitoneum.
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