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Abstract

Purpose Surgical site infection (SSI) is common after laparoscopic appendectomy, resulting in prolonged hospital
stay and increased costs. This study examined the relationship between body composition parameters and risk of
incisional SSIin patients with complicated appendicitis.

Methods We included 411 patients who underwent laparoscopic surgery for complicated appendicitis at a single
institution between March 2015 and October 2023. Body composition parameters were derived from preoperative
computed tomography (CT). A nomogram was constructed based on the independent predictors of incisional SSI.

Results Overall, 45 (10.9%) patients developed incisional SSI. Visceral fat area (VFA) was independently associated
with risk of incisional SSI (hazard ratio 1.015, 95% confidence interval 1.010-1.020, P<0.001). A nomogram integrating
VFA and two other independent predictors (diabetes and conversion) demonstrated high discriminative (area under
the curve=0.793) and calibration abilities.

Conclusions CT-derived VFA could be a valuable predictor of incisional SSIin patients with complicated appendicitis
undergoing laparoscopic surgery. A VFA-based nomogram may help in identifying patients at high risk of SSI.
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Introduction

Appendicitis is one of the most common surgical emer-
gencies in China, with complicated appendicitis account-
ing for approximately 20% of the cases [1]. Appendectomy
is the cornerstone treatment for complicated appendici-
tis. Laparoscopic appendectomy has gained popularity
owing to its favorable short-term efficacy [2, 3]. However,
the incidence of incisional surgical site infection (SSI)
after laparoscopic resection of complicated appendicitis
remains high [4], occurring in up to 19% in some series
[5]. SSI is associated with increased pain, prolonged hos-
pital stay, increased costs for patients, and substantial
economic burden on the healthcare system [6]. Thus,
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identification of the risk factors for SSI has become an
important topic worldwide.

Obesity, which is typically assessed using the body
mass index (BMI), is associated with a high risk of inci-
sional SSI [7, 8]. However, BMI is not a perfect measure
of abnormal fat accumulation as it fails to differentiate
between fat mass and lean body mass [9]. For example,
individuals with the same BMI may have significantly
different levels of fat and muscle mass. Therefore, the
impact of body composition parameters on SSI has
attracted increasing interest. In a real-world study involv-
ing 906 patients undergoing laparoscopic general sur-
gery, sarcopenic obesity was significantly associated with
adverse postoperative outcomes, including a high inci-
dence of SSI [10]. Whether body composition parameters
(including muscle and fat distribution) could affect the
risk of incisional SSI after laparoscopic appendectomy
has not been extensively studied. We hypothesized that
the body composition is a significant risk factor for inci-
sional SSI. Thus, this study aimed to examine the asso-
ciation between body composition parameters and risk of
incisional SSI after laparoscopic appendectomy for com-
plicated appendicitis and to develop a predictive model
for incisional SSI.

Materials and methods

Patients and treatments

In this retrospective study, adult patients diagnosed
with complicated appendicitis who underwent laparo-
scopic surgery at our center between March 2015 and
October 2023 were identified. Complicated appendicitis
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was diagnosed based on the intraoperative findings and
defined as acute appendicitis presenting with perfora-
tion or intra-abdominal abscess(es) [5]. Patients were
excluded if they had concomitant malignant tumors,
autoimmune diseases, or had undergone extended resec-
tion or interval appendectomy. We also excluded patients
without evaluable computed tomography (CT) images
within two weeks before surgery. Finally, 411 patients
were included in this study (Fig. 1). This study was
approved by the ethics committee of our institution and
performed in accordance with the Declaration of Hel-
sinki. Written informed consent was obtained from all
patients.

All patients underwent laparoscopic appendectomy
with or without conversion to laparotomy according to
the standard procedure [5]. A four-trocar approach was
adopted, including one 12-mm trocar around the umbi-
licus and three 5-mm trocars in the suprapubic posi-
tion, left lower abdomen, and right lower abdomen. The
decision to convert to an open procedure was made by
the operating surgeon in the presence of severe adhe-
sions, generalized purulent peritonitis, or uncontrolled
intraoperative complications. The resected appendix
was extracted in a specimen retrieval bag via the umbili-
cal incision. Thorough peritoneal lavage was performed
using warm saline until the drained fluid appeared clear.
Drains were placed according to the surgeons’ prefer-
ence. The incisions were closed using non-absorbable
monofilament sutures immediately after the surgery. All
surgeries, including wound closures, were performed by
experienced surgeons who had performed at least 100

(n =471)

Patients with complicated appendicitis who underwent
laparoscopic surgery between March 2015 and October 2023

Exclusion (n = 27)
Malignant tumors (n = 6)

Autoimmune diseases (n = 5)
Extended resection (n = 12)
Interval appendectomy (n = 4)

Eligible patients (n = 444)

Exclusion (n = 33)

> Absence of abdominal computed
tomography images (n = 33)

Patients finally included in the analysis (n = 411)

Fig. 1 Diagram of study population
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laparoscopic appendectomies. Preoperative and post-
operative intravenous antibiotics, which covered enteric
gram-negative and facultative/anaerobic bacilli, were
administered until the body temperature returned to
normal for at least 24 h, and then switched to oral antibi-
otics for at least one week.

Study outcomes

The primary outcome was incisional SSI, defined as an
infection involving the skin, subcutaneous tissue (super-
ficial), or deep soft tissue (deep) at the incision site that
occurs within 30 days of surgery, and has any of the fol-
lowing features: purulent drainage, positive culture for
microorganisms from the fluid or tissue, or any of the
following symptoms/signs: pain or tenderness, local-
ized swelling, redness/heat, or opening of the wound by
a physician without a positive culture [11]. An incisional
SSI was diagnosed by the responsible physician before
discharge and at the 1-month outpatient visit.

For each patient, the total fat area (TFA), visceral fat
area (VFA), subcutaneous fat area (SFA), and skeletal
muscle area (SMA) were measured at the level of the
third lumbar vertebra using the latest preoperative CT
scans [12]. Specific tissues were differentiated using the
standard Hounsfield unit (HU) range. The VFA and SFA
were defined as fat tissues within ranges of -150 and
—50 HU, and —190 and —30 HU, respectively. A range
between —29 and 150 HU was used to define the SMA.
The TFA was defined as the sum of the SFA and VFA.
The skeletal muscle density (SMD) was calculated as the
mean radiation attenuation value of the entire SMA (Fig-
ure S1).

Statistical analysis

Categorical data were expressed as frequencies (per-
centages) and compared with the x* test, with or with-
out Yate’s correction. Continuous data were expressed
as means (standard deviation [SD]) and compared with
the t-test. The optimal cutoff value for a continuous vari-
able was determined using the Youden index. Univariate
and multivariate logistic regression models were used to
identify the independent risk factors for incisional SSI.
To reduce multicollinearity and overfitting, stepwise
multiple regression with Wald’s backward selection was
applied [1, 2]. A nomogram was constructed by integrat-
ing all independent predictors of incisional SSI. The pre-
dictive accuracy of the nomogram was evaluated using
receiver operating characteristic (ROC) curves and the
area under the curve (AUC). The nomogram was cali-
brated by comparing the predicted and observed inci-
dence of incisional SSI after bias correction. A two-tailed
P value of <0.05 was considered statistically significant.
All statistical analyses were performed using the R
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software, version 4.2.3 (R Foundation for Statistical Com-
puting, Vienna, Austria).

Results

During the study period, a total of 411 patients with
complicated appendicitis were included in the analysis
(Table 1). Of the included patients, 239 (58.2%) were men
and 172 (41.8%) were women. The mean (SD) BMI was
22.8 (3.2) kg/m>

Risk factors for SSI

A total of 45 patients developed incisional SSI, with an
incidence rate of 10.9%. Patients with incisional SSI were
more likely to have diabetes (20.8% vs. 6.0%, P=0.001),
undergo conversion to open surgery (31.1% vs. 10.1%,
P<0.001), have higher BMI (mean: 24.6 vs. 22.6 l<g/m2,
P<0.001), higher TFA (mean: 285 vs. 191 cm?, P<0.001),
higher VFA (mean: 157 vs. 85 cm?, P<0.001), higher SFA
(mean: 127 vs. 106 ¢cm?, P=0.019), higher SMA (mean:
140 vs. 130 cm?, P=0.021), and lower SMD (mean: 44.9
vs. 48.5 HU, P=0.012, Table 1). Multivariate analy-
sis revealed that the presence of diabetes (hazard ratio
[HR] 3.012, 95% confidence interval [CI] 1.188-7.639,
P=0.020), conversion to open surgery (HR 3.968, 95% CI
1.791-8.790, P=0.001), and higher VFA (HR 1.015, 95%
CI 1.010-1.020, P<0.001) were independently associated
with a higher risk of incisional SSI (Table 2).

We also examined the associations between body com-
position parameters and incisional SSI in two logistic
regression models. After adjusting for BMI, diabetes, and
conversion, only TFA and VFA were independently asso-
ciated with incisional SSI (both P<0.001). However, TFA
lost its predictive value after adding the VFA into the
model (P=0.186; Table S1).

The optimum cutoff value of VFA for predicting the
risk of SSI was 85 cm?, with a sensitivity and specificity
of 91.1% and 56.8%, respectively. In multivariate analysis,
a a 2.7-fold, 3.4-fold, and 8.1-fold increased SSI risk was
observed in patients with diabetes (95% CI 1.095-6.715,
P=0.031), conversions (95% CI 1.564-7.262, P=0.002),
and higher VFA (=85 cm?% 95% CI 3.306-19.847,
P<0.001), respectively.

Association between VFA and general characteristics

A higher VFA was significantly associated with older
age (mean 46.1 vs. 43.8 years, P=0.004), male sex
(65.5% vs. 51.2%, P=0.003), diabetes mellitus (11.5% vs.
3.8%, P=0.003), more frequent conversions (16.0% vs.
9.0%, P=0.032), higher BMI (mean 24.3 vs. 21.4 kg/mz,
P<0.001), higher TFA (mean: 284 vs. 124 cm?, P<0.001),
higher SFA (mean: 135 vs. 83 cm? P<0.001), higher
SMA (mean: 142 vs. 122 cm?, P<0.001), and lower SMD
(mean: 46.7 vs. 49.4 HU, P=0.003, Table 1).
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Table 1 Baseline characteristics according to incisional surgical site infection and visceral fat area

Variable Total SSl group Non-SSl group (n=366) P value Low-VFA High-VFA Pvalue
(n=411) (n=45) (n=211) (n=200)

Clinical characteristics

Age, years 449+82 46.2+86 44.7+8.1 0.260 43.8+86 46.1+76 0.004

Gender 0.122 0.003

Male 239(58.2) 31(68.9) 208 (56.8) 108 (51.2) 131 (65.5)

Female 172 (41.8) 14 (31.1) 158 (43.2) 103 (48.8) 69 (34.5)

BMI, kg/m? 228%32 246+3.2 226£3.1 <0.001 214£25 243£32 <0.001

ASA classification 0.522 0.179

-1l 351(854) 37(82.2) 314 (85.8) 185 (87.7) 166 (83.0)

Il 60 (14.6) 8(17.8) 52(14.2) 26 (12.3) 34(17.0)

Smoking 105 (25.5) 12 (26.7) 93 (254) 0.855 55 (26.1) 0(25.0) 0.804

Diabetes 31(7.5) 9(20.0) ( 0) 0.001 8(3.8) 23(11.5) 0.003

Hypertension 57(13.9) 7(15.6) 0(13.7) 0.729 21(10.0) 6(18.0) 0.018

Body composition

TFA, cm? 202112 285+119 191+107 <0.001 124+73 284+83 <0.001

VFA, cm? 93+67 15774 85+62 <0.001 41+26 149+50 <0.001

SFA, cm? 108+58 127£67 106+57 0.019 83+54 135£51 <0.001

SMA, cm? 132+27 140+ 26 130+27 0.021 122+23 142+27 <0.001

SMD, HU 48192 449+99 485+9.1 0.012 494+88 46.7+9.6 0.003

Intraoperative outcomes

Operation time, min 87+21 84+18 88+22 0.342 86+23 89+20 0.252

Conversions 51(124) 14(31.1) 37(10.1) <0.001 19(9.0) 32(16.0) 0.032

Data are No. (%) or mean+standard deviation. Abbreviations: BMI, body mass index; TFA, total fat area; VFA, visceral fat area; SFA, subcutaneous fat area; SMA, skeletal

muscle area; SMD, skeletal muscle density

Table 2 Univariate and multivariate analysis for incisional surgical site infection

Characteristic Univariate analysis

Multivariate analysis

HR (95% CI) P value HR (95% CI) Pvalue
Age (per Tyear) 1.023 (0.983-1.066) 0.260
Gender (Male vs. Female) 1.682 (0.866-3.268) 0.125
BMI (per 1 kg/m2) 1.207 (1.095-1.330) <0.001
ASA classification (Il vs. I-Il) 1.306 (0.576-2.960) 0.523
Smoking (Yes vs. No) 1.067 (0.529-2.153) 0.855
Diabetes (Yes vs. No) 3.909 (1.674-9.129) 0.002 3.012(1.188-7.639) 0.020
Hypertension (Yes vs. No) 1.164 (0.493-2.750) 0.729
TFA (per 1 cm?) 1.007 (1.004-1.010) <0.001
VFA (per 1 cm?) 1.015 (1.010-1.020) <0.001 1.015 (1.010-1.020) <0.001
SFA (per 1 cm?) 1.006 (1.001-1.011) 0.021
SMA (per 1 cm?) 1.013 (1.002-1.025) 0.022
SMD (per 1 HU) 0.959 (0.928- 0991) 0.013
Conversions (Yes vs. No) 4016 (1.961-8.224) <0.001 3.968 (1.791-8.790) 0.001

Abbreviations: HR, hazard ratio; Cl, confidence interval; BMI, body mass index; TFA, total fat area; VFA, visceral fat area; SFA, subcutaneous fat area; SMA, skeletal

muscle area; SMD, skeletal muscle density

Development and validation of the nomogram

A nomogram was established to predict the risk of inci-
sional SSI by combining diabetes, conversion, and VFA
(Fig. 2A). Diabetes, conversion, and a VFA of >85 cm?
were scored as 4, 5, and 10 points, respectively, with the
total points ranging from 0 to 19. The incidence of inci-
sional SSI was the lowest (1.1%) in patients with a total
score of 0 and the highest (80%) in those with a total
score of 19. The nomogram showed high discriminative
ability, with the AUC value of 0.793 (95% CI 0.732—-0.854)

(Fig. 2B). Moreover, the calibration curves showed good
concordance between the prediction of the nomogram
and the actual observation (Fig. 2C).

Sensitivity analysis

A sensitivity analysis was conducted by excluding the
patients with conversion to open surgery. Multivari-
ate analysis revealed that presence of diabetes (HR
3.096, 95% CI 1.051-9.115, P=0.040) and higher VFA
(HR 1.016, 95% CI 1.011-1.022, P<0.001) remained
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Fig.2 A nomogram to predict the probability of incisional surgical site infection (A). Model performance was assessed by receiver operator characteris-

tics curve (B) and calibration curve (C)

independent risk factors for incisional SSI. A nomogram
incorporating diabetes and VFA also showed high dis-
criminative ability (AUC=0.770) and good fit (Figure S2).

Discussion
To our knowledge, this is the first study to explore the
relationship between body composition and risk of inci-
sional SSI following laparoscopic appendectomy for
complicated appendicitis. In the entire cohort, the inci-
dence rate of incisional SSI was 10.9% (45/411), which is
similar to the rates reported in several randomized clini-
cal trials (5-19%) [5, 13, 14]. Among the body composi-
tion parameters, a higher TFA, VFA, SFA, and SMA and
lower SMD were significantly associated with a higher
incidence of incisional SSI. However, after adjusting for
other clinical factors, only the VFA was found to be an
independent risk factor for incisional SSI. A VFA-based
nomogram was then established which demonstrated
good performance.

Obesity, especially visceral obesity, is widely acknowl-
edged to negatively affect the postoperative outcomes
[15, 16]. In obesity, adipocytes accumulate not only in

the intra-abdominal depot but also in organs such as the
liver, pancreas, and muscle tissues. This surge in adipo-
cytes results in chronic inflammation due to the produc-
tion of proinflammatory cytokines [17]. Because of the
inability of BMI to accurately indicate the body distribu-
tion of fat, the association between BMI and post-appen-
dectomy SSI was not stable [18]. In a recent prospective
study of 90 patients who underwent open appendectomy,
the subcutaneous fat thickness measured by preopera-
tive ultrasound, rather than BMI, was shown to be sig-
nificantly associated with the risk of incisional SSI [19].
In the present study, we found that among all body com-
position parameters and BMI, only the VFA was an inde-
pendent predictor of incisional SSI. This finding could be
explained as follows: visceral obesity is associated with
systemic inflammation and insulin resistance, which
might impair the appropriate response to operative stress
and promote the occurrence of SSI [12].

To provide a clinically relevant quantifiable method
for predicting the risk of incisional SII, we constructed
a nomogram that combined VFA, diabetes, and con-
version. The two clinical factors (i.e., diabetes [20] and
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conversion to laparotomy [21, 22]) included in the nomo-
gram have been previously associated with SSI in other
studies. Notably, this study is the first to report the nega-
tive impact of conversion on incisional SII development
after laparoscopic appendectomy. According to a recent
meta-analysis, the laparoscopic approach to appendec-
tomy resulted in significantly fewer SIIs than the open
approach (odds ratio: 0.30). Moreover, the laparoscopic
conversion rate to open appendectomy is even higher,
varying from 0 to 18% [2]. Our study reported a conver-
sion rate of 12.4%, consistent with the previous results.
The mechanisms underlying conversion and SSI after
laparoscopic appendectomy remain unclear. A feasible
explanation is that conversion to open appendectomy
had a similar SSI risk as primary open appendectomy and
therefore had a higher SSI risk than laparoscopic appen-
dectomy [23]. Additionally, surgeon fatigue and conse-
quent technical compromise after conversion might be a
significant factor for increased SSI incidence [24].

However, this study has some limitations that need to
be addressed. First, this was a retrospective, single-cen-
ter study, and a selection bias may have been introduced.
Additionally, we only analyzed the easily available clinical
data; therefore, some confounding factors could not be
avoided. Second, all body composition parameters were
derived from the preoperative CT images. Due to the low
prevalence of preoperative CT in low-income countries,
it is necessary to identify other noninvasive and eco-
nomical ways to measure the body composition. Third,
all patients in this study were from China and under-
went laparoscopic appendectomy. Whether our findings
also apply to patients undergoing open surgery and other
populations requires further investigation.

In conclusion, our study is the first to demonstrate an
association between visceral obesity and incisional SSI
after laparoscopic appendectomy in complicated appen-
dicitis. A nomogram was developed based on the VFA,
diabetes, and conversion. For patients at high risk of
SSI development, we recommend specific surgical tech-
niques, such as delayed wound closure and use of subcu-
taneous drains. Moreover, external validation is required
to confirm the generalizability of our findings.
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