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Visceral to subcutaneous fat area
ratio predicts severe abdominal
adhesions in definitive surgery
for anastomotic fistula after small
intestine resection

FanYang?, Weiliang Tian?, Shikun Luo?, Wuhan Li3, Guoping Zhao?*, Risheng Zhao?*,
Tao Tian* Yunzhao Zhao?, Zheng Yao?* & Qian Huang'**

Abdominal adhesions manifests following abdominal infections triggered by intestinal fistulas.

The severity of such adhesions depends on the extent of fiber deposition and peritoneal fibrinolysis
following peritoneal injury, which may be influenced by sustained inflammation within the abdominal
cavity. In this regard, the visceral-to-subcutaneous fat area (VFA/SFA) ratio has been implicated as

a potential marker of inflammation. This study aimed to explore the relationship between VFA/SFA
and abdominal adhesions. This multicenter study was conducted across four tertiary institutions and
involved patients who had undergone definitive surgery (DS) for intestinal fistula from January 2009
and October 2023. The presence of abdominal adhesions was determined intraoperatively. VFA/SFA
was investigated as a potential risk factor for severe adhesions. The study comprised 414 patients with
a median age of 50 [interquartile range (IQR) 35-66] years and a median body mass index of 20.0 (IQR
19.2-22.4) kg/m?, including 231 males with a median VFA/SFA of 1.0 (IQR 0.7-1.2) and 183 females a
median VFA/SFA of 0.8 (0.6-1.1). VFA/SFA was associated with severe abdominal adhesions in males
[odds ratio (OR) =3.34, 95% Cl 1.14-9.80, p =0.03] and females (OR=2.99, 95% Cl 1.05-8.53, p=0.04).
J-shaped association between VFA/SFA ratio and severe adhesions was revealed in both sex. The
increasing trend can be revealed when OR more than 0.8, and 0.6 in males and females respectively.
Preoperative VFA/SFA demonstrates predictive value for statues of severe abdominal adhesions in DS
for anastomotic fistula after small intestine resection.
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Abbreviations

AUC Area under curve

BMI Body mass index

CI Confidence interval

CT Computer tomography
DS Definitive surgery

ECF Enterocutaneous fistula
IQR Interquartile range

MRI Magnetic resonance imaging
OR Odds ratio

PN Parenteral nutrition

SFA Subcutaneous fat area
SIR Small intestine resection
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TAMAI Total abdominal muscle area index
VFA Visceral fat area
WBC White blood cell

In patients presenting with postoperative small intestinal leakage, the spillover of intestinal fluid can induce
chemical and biological damage to the peritoneum'. This injury prompts a local inflammatory response,
characterized by the exudation and precipitation of serous exudate fibers! %, potentially leading to the formation
of abdominal adhesions. Particularly in emergency laparotomies, this phenomenon is observed in an increased
rate®. These adhesions play a dual role. On one hand, they can inhibit the further spread of intestinal fluid within
the abdominal cavity and foster sinus formation, ultimately culminating in fistula. On the other hand, abdominal
adhesions can increase the complexity of definitive surgery (DS) for the fistula. Particularly in the presence of
severe abdominal adhesions, an increased incidence of postoperative complications such as recurrent fistula,
sepsis, and postoperative ileus has been documented>®.

The existing theory suggests that the peritoneal fibrinolytic system becomes activated following adhesion
formation, serving as the primary agent for their dissolution®”. Thus, the final degree of adhesion reflects a
balance between peritoneal fibrinolysis and fiber formation®. Concurrently, the fibrinolysis process is believed
to be impeded under chronic inflammatory conditions, which could negatively affect adhesion dissolution®!.
The presence of preoperative adhesions can be determined via diagnostic tools such as ultrasound, magnetic
resonance imaging (MRI), and computer tomography (CT) scans''~!*. However, these imaging techniques often
fail to accurately assess the severity of adhesions. Notably, the visceral fat area (VFA) has been associated with
chronic inflammation', whereas the subcutaneous fat area (SFA) is believed to exhibit protective properties
against inflammation'®. Accordingly, we hypothesize that there is a relationship between VFA/SFA and severe
abdominal adhesions in DS for anastomotic fistula after small intestine resection (SIR), in an attempt to provide
alternative diagnostic perspectives for the relevant patient population in the future.

Materials and methods

This was a retrospective cohort study conducted at four major centers that specialize in the treatment of
enterocutaneous fistula (ECF). All procedures were performed in accordance with the ethical principles of the
Declaration of Helsinki and the STROCSS criteria'®. All patients were referred from external hospitals to our
centers for ECF treatment. All experimental protocols were approved by Ethics Committee of Jinling Hospital
(2023DZKY029-02).

Patients

Consequently, the focus was on 995 non Inflammatory Bowel Disease patients undergone DS for anastomotic
fistula after SIR between January 2009 and October 2023. The study excluded 8 individuals aged less than 18 years,
208 patients with enteroatmospheric fistula which artificially inflates the potential for abdominal adhesions, or
336 individuals with incomplete medical records (it was reasonable indicated that the abdominal contamination
condition when SIR might also have influence on the subsequent abdominal adhesion, and most of the 336
individuals were excluded mainly due to the lack of the surgical records on the resection process, which reflecting
the abdominal contamination). In addition, 29 patients who were considered to have severe adhesion before SIR
according to their surgical records reporting that all the intestines could not be dissected were also excluded
from the study. Thus, the final cohort consisted of 414 eligible (Supplementary Fig. 1). The digestive tract was
gradually dissociated and abdominal adhesions were assessed during DS. For every DS, resection of the bowel
segment with the ECF and latero-lateral anastomosis was performed using a linear stapler. Among these, 54
(13%) patients were diagnosed with severe adhesions.

Status of abdominal adhesions

Abdominal adhesion status was evaluated according to Hobson et al. during DS'”. The abdominal adhesions
were classified as follows: Grade I=no adhesions; Grade II = minimal adhesions localised to one or two areas;
Grade III = diffuse but not extensive adhesions; Grade IV = diffuse extensive adhesions that are easily lysed;
Grade V =diffuse extensive, dense adhesions that are difficult to lyse. Grades IV and V abdominal adhesions
were defined as severe abdominal adhesions.

Preoperative management

The treatment of fistulas involved six aspects: sepsis control, optimization of nutritional status, wound care,
determination of fistula anatomy, timing of surgery, and formulation of a surgical strategy'®. The decision to
proceed with DS was deferred until the patient’s condition had stabilized for at least a month and met specific
criteria: a body mass index (BMI) of > 18.0 kg/m? coupled with normal physical strength, hemoglobin levels
0f>100 g/L, and albumin levels of > 30 g/L. Furthermore, the interval since the occurrence of the fistula had to
be a minimum of three months. During this process, some patients achieved spontaneous closure, and were not
scheduled for surgery.

Evaluation of body composition

Enhanced CT scans were performed one week before DS as part of the preoperative assessment. VFA, SFA, and
total abdominal muscle area index (TAMAI) were evaluated using abdominal CT scans and processed using
Image ] software (NIH, Bethesda, MD, USA) according to the different densities under CT scan'®. For each
patient, two consecutive axial CT images at the level of the inferior endplate of the L3 lumbar vertebra were

Scientific Reports |

(2024) 14:19063 | https://doi.org/10.1038/s41598-024-69379-3 nature portfolio



www.nature.com/scientificreports/

selected and averaged. Sex-specific TAMAI cut-off values were used to define sarcopenia: 52.4 cm?/m? for men
and 38.5 cm?/m? for women?®.

Data collection, outcomes, and statistical analysis

The surgical record on the SIR was collected when admitted in our centers and recorded in the admission records.
The degree of abdominal contamination is evaluated based on the amount of intestinal fluid/pus recorded during
the resection. If there is no intestinal rupture, the intestinal fluid/pus is considered to be 0 ml. Patients under-
went enhanced CT scans and gastrointestinal X-ray series one week before the DS for investigation of adjacent
structures and the location of the fistula. Preoperative laboratory examination was conducted at least every
four days throughout the treatment duration. Demographic data, preoperative laboratory examination results,
location and output of fistula, as well as body composition data (TAMAI, VFA, SFA, etc.), were documented
based on observations within the week before surgery. Etiology, the time interval between fistula occurrence and
admission, the duration from fistula occurrence to DS, and comorbidities were all examined based on available
records. The possibility of abdominal contamination during the early stages of abdominal infection was believed
to be related to subsequent abdominal adhesions. Therefore, the characteristics of abdominal infections dur-
ing the early stages of fistula development were investigated as potential risk factors. This included laboratory
results, the presence of sepsis at admission, and the duration of abdominal infection. Sepsis was defined as per
The Third International Consensus Definitions for Sepsis and Septic Shock?!. The above mentioned variables
were divided into seven parts (Supplementary Table 1): (1) demographic data, (2) fistula characteristics, (3)
preoperative laboratory test results, (4) comorbidity, (5) body composition, (6) abdominal contamination dur-
ing the SIR and (7) characteristics of abdominal infections in the early stage of fistula. We defined parts 1-5 as
preoperative characteristics.

The primary outcome of the study was the degree of intraoperative adhesion. Three models were used to
evaluate the influence of the VFA/SFA on adhesion formation. Model 1 involved adjusting the VFA/SFA with
variables related to preoperative characteristics, excluding the ratio itself. In Model 2, adjustments were made
to the VFA/SFA using characteristics related to abdominal contamination during the SIR and abdominal infec-
tions during the early stages of fistula development. In Model 3, the VFA/SFA was adjusted with variables from
both Model 1 and Model 2. Univariate analysis was used to screen potential risk factors for severe adhesion.
Subsequently, multivariate logistic regression was performed for each Model. The performance of each model
was assessed using the area under the receiver operating characteristic curve analysis. The model with the highest
Area Under Curve (AUC) was considered the most suitable.

To perform internal validation of the points system within the most suitable model, 500 bootstrap samples
from the original sample were taken (random samples with replacement of the same number of elements as the
original sample), and AUC values were calculated for each bootstrap sample. In the most suitable model, the
association between VFA/SFA and severe abdominal adhesions was assessed using restricted cubic splines with
three knots placed at the 10th, 50th, and 90th centiles. Statistical analysis included Mann-Whitney U tests for
continuous variables and Fisher’s exact test for categorical variables. Statistical analyses were performed using
SPSS version 26.0 for Windows (IBM, Armonk, NY, USA) and The R Project for Statistical Computing version
4.3.1.

Ethical approval

All procedures performed in this study involving human participants were in accordance with the ethical stand-
ards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. All experimental protocols were approved by Ethics Committee
of Jinling Hospital (2023DZKY02-0129).

Informed consent
Informed consent was waived by the ethics committee of Jinling Hospital.

Results

Clinical characteristics of the overall patients

The median age of 414 patients (231 males, 183 females) was 50 [interquartile range (IQR) 35-66] years, and the
median BMI was 20.0 (IQR 19.2-22.4) kg/m? The median interval from fistula occurrence to DS was 4 (IQR
3.0-5.0) months. The causes for the resection included rupture (n=270, including 54 cases caused by trauma,
171 cases of rupture discovered during the postoperative period after abdominal surgery, 41 cases detected
during the treatment of obstruction due to prior abdominal surgery, and 4 patients with unknown reason),
obstruction due to prior abdominal surgery (n=116), intestinal necrosis due to mesenteric thrombosis (n=28)
(Table 1). The VFA, SFA, and VFA/SFA were 84.3 (IQR: 58.2-106.3) cm?, 93.2 (IQR: 74.7-109.2) cm?, and 0.88
(IQR: 0.62-1.21), respectively (Table 2). Abdominal infection was diagnosed on admission in each patient with
a WBC count of 12.8 x 10° /L (IQR 10.3x 10°/L-15.4 x 10°/L) and a CRP level of 57.6 (IQR 47.4-69.2) mg/L. The
median duration from admission to infection control was 26 (IQR 17-33) days. In addition, 133 (32.1%) patients
exhibited sepsis at admission (Table 3).

Population distribution of VFA/SFA

Out of the 414 patients, 235 had a VFA/SFA of < 1, 174 had a VFA/SFA of > 1 but<2, and 5 had a VFA/SFA of > 2.
The distribution of various VFA/SFA ratios among patients with normal BMI and those classified as overweight
showed comparable proportions (Supplementary Fig. 2A, p=0.36).
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Characteristics Total (n=414) Male (n=231) Female (n=183) |p
Demographic data

Age, years (median, IQR) 50 (35-66) 50 (35-63) 50 (34-69) 0.38
BMI, kg/m? (median, IQR) 20.0 (19.2-22.4) 19.9 (19.2-23.4) | 20.1(19.1-23.4) 0.72
Fistula characteristics

Interval from fistula occurred to admission, days, (median, IQR) 14 (8-21) 14 (9-21) 14 (8-21) 0.67
Interval from fistula occurred to DS, months, (median, IQR) 4.0 (3.0-5.0) 4.0 (3.0-5.0) 4.0 (3.0-5.0) 0.79
Distance from Treitz to the fistula, no. (%) 0.29
<100 cm 63 (15.2) 39 (16.9) 24 (13.1)

>100 cm 351 (84.8) 192 (83.1) 159 (86.9)

Length of small intestine, no. (%) 0.36
<300 cm 83 (20) 50 (21.6) 33 (18.1)

>300 cm 331 (80) 181 (78.4) 150 (81.9)

PN required, no. (%) 40 (9.7) 22(9.5) 18 (9.8) 0.92
Etiology, no. (%) 0.94
Rupture 270 (65.2) 149 (64.5) 121 (66.1)

Obstruction 116 (28.0) 66 (28.6) 50 (27.3)

Intestinal necrosis due to mesenteric thrombosis 28 (6.8) 16 (6.9) 12 (6.6)

Preoperative laboratory test results

Hemoglobin before DS, g/L (median, IQR) 124.0 (118.0-132.0) | 126 (120-134) 123.0 (116-132) | 0.47
Albumin before DS, g/L (median, IQR) 36.3 (34.0-38.0) 36.2 (34.7-38.0) |36.4(33.5-38.1) 0.44
CRP before DS, mg/L; (median, IQR) 8.3 (5.8-11.5) 8.4 (5.4-11.8) 8.2(5.9-11.3) 0.63
WBC before DS, 109/L (median, IQR) 6.6 (5.6-7.2) 6.7 (5.8-7.5) 6.5 (5.2-7.0) 0.71
Comorbidity before DS, no. (%)

Hypertension 18 (4.3) 11 (4.8) 7 (3.8) 0.73
Elevated fasting blood glucose 20 (4.8) 11 (4.8) 9(4.9) 1.00

Table 1. Demographic data, fistula characteristics, preoperative laboratory test results, and comorbidity of the

414 patients.

Body composition Total (n=414) Male (n=231) Female (n=183) P
TAMAIL cm?/m? (median, IQR) 32.7 (26.7-41.4) 38.0 (33.3-47.5) 28.2(23.4-36.1) <0.001
VFA, cm? (median, IQR) 84.3 (58.2-106.3) | 85.1 (59.6-107.5) | 83.3 (54.3-106.8) 0.13
VFA/TAMAI (median, IQR) 2.5(1.7-3.2) 2.2 (1.5-2.8) 2.8 (1.9-3.6) <0.001
SFA,cm?/m? (median, IQR) 93.2 (74.7-109.2) | 88.2(72.2-99.1) 103.4 (81.4-118.2) <0.001
VFA/SFA 0.9 (0.6-1.2) 1.0 (0.7-1.2) 0.8 (0.6-1.1) <0.001
Sarcopenia, no. (%) 333 (80.4) 182 (78.8) 151 (82.5) 0.34

Table 2. Body composition of the 414 patients.

Characteristics Total (n=414) Male (n=231) Female (n=183) P
Abdominal contamination during the small intestinal resection

Deciliter of intestinal fluid/pus in overall patients, dl (median, IQR) 2(0-3) 2(0-3) 2(0-3) 0.79
Deciliter of intestinal fluid/pus in patients with repture, dl (median, IQR) 2(2-3) 2(2-3) 2(2-3) 0.66

Characteristics on abdominal infections in early stage of fistula

Laboratory test results on admission in early stage of fistula

Hemoglobin on admission, g/L (median, IQR) 82 (69-96) 82 (68-97) 79 (65-96) 0.15
Albumin on admission, g/L (median, IQR) 33.2(30.4-35.6) 33.4(31.2-35.6) 33.2(31.4-36.4) 0.27
CRP on admission, mg/L (median, IQR) 57.6 (47.4-69.2) 58.1 (49.6-72.7) 56.7 (46.8-67.2) 0.31
'WBC on admission, 10°/L (median, IQR) 12.8 (10.3-15.4) 12.4 (10.2-14.3) 12.5 (10.6-14.6) 0.59
Abdomen sepsis when admission, no. (%) 133 (32.1) 71 (30.7) 62 (33.9) 0.49
Shock on admission, no. (%) 51(12.3) 27 (11.7) 24 (13.1) 0.66
Duration from admission to infection control, days (median, IQR) 26 (17-33) 26 (16-32) 27 (18-34) 0.23

Table 3. Characteristics on abdominal contamination during the SIR and abdominal infections in early stage
of fistula of the 414 patients.
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The proportion of patients with different VFA/SFA varied between genders (Supplementary Fig. 2B, p=0.004).
The proportion of patients with VFA/SFA <1 was higher (p=0.001), and correspondingly, the proportion of
patients with VFA/SFA > 1 but <2 was lower (p=0.001) in males.

Clinical characteristics between genders

Notably, differences were observed only in variables related to body composition (Table 2). Specifically, TAMAI
[38.0 (IQR 33.3-47.5) cm? vs. 28.2 (IQR 23.4-36.1) cm? p <0.001] and VFA/SFA [1.0 (IQR 0.7-1.2) vs. 0.8 (IQR
0.6-1.1); p<0.001]were higher in males, whereas VFA/TAMAI [2.2 (IQR 1.5-2.8) vs. 2.8 (IQR 1.9-3.6); p<0.001]
and SFA [88.2 (IQR 72.2-99.1) cm? vs. 103.4 (IQR 81.4-118.2) cm? p < 0.001] were lower.

Univariate analysis of VFA/SFA for severe abdominal adhesions

The incidence of severe abdominal adhesions was 12.5% (n=29) in males and 13.7% (n=25) in females (p =0.64).
Among males, 86 cases of grade I1, 118 cases of grade II1,17 cases of grade IV, and 12 cases of grade V adhesions
were observed. In females, the numbers were 64, 95, 15, and 10, respectively.

Univariate analysis of the VFA/SFA was performed by genders (Supplementary Table 2 and 3). In males with
severe adhesions, the ratio was 1.2 (IQR 0.9-1.6), which was higher than that in patients without severe adhesions
[0.9 (IQR 0.7-1.2), p=0.01]. The AUC for VFA/SFA showed a predictive value of 0.66 [95% confidence interval
(CI) 0.54-0.76; p=0.01, Supplementary Fig. 3A] for severe adhesions in males. Similarly, in females, the VFA/
SFA was higher in those with severe adhesions [1.0 (IQR 0.7-1.4) vs. 0.7 (IQR 0.5-1.1); p=0.001]. The AUC for
VFA/SFA in females was 0.68 (95% CI 0.58-0.78, p=0.005; Supplementary Fig. 3B).

Association between VFA/SFA and severe abdominal adhesions
The VFA/SFA was included in the three predictive models for further analysis. The AUC values for each model
are shown in Fig. 1A. Model 3 (AUC=0.821) was considered the most suitable model, compared to Model 1
(AUC=0.682, p=0.02) and Model 2 (AUC=0.745, p=0.04). The VFA/SFA exhibited an odds ratio (OR) of 3.34
(95% CI 1.14-9.80, p=0.03; Table 4). Bootstrap validation of Model 3 yielded consistent parameters, with an
AUC 0f 0.812 (95% CI 0.791-0.824, Fig. 1B). In addition, when the VFA/SFA was excluded, the AUC of Model
3 decreased to 0.756 (95% CI 0.654-0.858), compared to the initial Model 3 (p=0.04). A J-shaped association
between VFA/SFA and severe adhesions was revealed (Fig. 2A). Using a median VFA/SFA of 1.0 as a reference,
the probability of severe adhesions increased when the VFA/SFA was more than 1.0 (Fig. 2A). This trend persisted
for patients with VFA/SFA between 0.8 and 1.0.

In females, Model 3 had a higher AUC (Fig. 1C, AUC=0.805, 95% CI 0.734-0.876) compared to Model
1 (AUC=0.681, p=0.02) and Model 2 (AUC=0.717, p=0.04). In this model, the VFA/SFA was significantly
associated with severe abdominal adhesions (OR=2.99; 95% CI 1.05-8.53, p=0.04; Table 5). When the VFA/
SFA was excluded, the resultant AUC was 0.715 (95%CI: 0.618-0.812), which was lower than that of initial
Model 3 (p=0.04). Bootstrap validation of Model 3 yielded consistent parameters, with an AUC of 0.792 (95%
CI0.774-0.801; Fig. 1D). A J-shaped association between VFA/SFA and severe adhesions was revealed (Fig. 2B).
Using a median VFA/SFA of 0.8 as reference, the probability of severe adhesions increased when the VFA/SFA
was more than 0.8 (Fig. 2B). Furthermore, this trend persisted for patients with VFA/SFA between 0.6 and 0.8.

Discussion

This study investigated the predictive value of preoperative VFA/SFA on predicting severe abdominal adhe-
sions in DS. Abdominal adhesions are recognized as an outcome of inflammatory reactions'°. This condition is
commonly initiated owing to the exposure of the basal membrane of the mesothelial layer following peritoneal
injury, often resulting from surgical procedures, infection, or irritation'=. This leads to the activation of acute
inflammatory responses'~>.

During these inflammatory responses, an extensive amount of fibrous tissue is secreted and deposited as part
of the tissue repair process®”. If the injury persists, acute inflammation metamorphoses into chronic inflam-
mation, wherein fibrin provides a matrix for invading fibroblasts and new blood vessels®. Concurrently, the
peritoneal fibrinolytic system is activated, and timely dissolution of fibrin is essential for restoring the preopera-
tive non-inflamed state®. Inflammatory mediators, such as cytokines and acute-phase proteins, can upregulate
the expression of plasminogen activator inhibitor-1 (PAI-1), thereby suppressing fibrinolysis. Additionally, the
inflammatory process can promote the deposition of fibrin, while also affecting the activity of plasminogen acti-
vators, such as tissue plasminogen activator (tPA) and urokinase type plasminogen activator (uPA), shifting the
balance between fibrin formation and fibrinolysis??. Essentially, the process of peritoneal fibrinolysis is inhibited
by persistent abdominal inflammation. Thus, in patients with fistula who have insufficient drainage, persistent
damage to the peritoneum caused by intestinal fluid exacerbates chronic inflammation, leading to an increased
likelihood of developing abdominal adhesions.

VFA is associated with metabolic diseases, chronic inflammation, and the production of proinflammatory
cytokines such as tumor necrosis factor and interleukin-6'. In contrast, SFA is typically linked to a low-grade
inflammatory condition and a favorable metabolic profile of glucose and lipids'>. Chronic inflammation exerts a
greater influence on VFA than on SFA'". The relative distribution of body fat is considered more significant than
VAT or SAT individually?. The VFA/SFA is proposed as a superior predictor of the impact of inflammation on
postoperative outcomes in gastrointestinal surgery?, acute* or chronic diseases®, and cancer®.

The observed association between VFA/SFA and abdominal adhesions in this study could be viewed as a
consequence of persistent abdominal inflammation influencing fat distribution, thereby contributing to the
exacerbation of abdominal adhesions. The occurrence of abdominal sepsis on admission could influence the
formation of postoperative abdominal adhesions. This is because abdominal sepsis upon admission represents the
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Figure 1. (A) AUC values for each model in males. (B) Bootstrap validation of Model 3 yielded consistent
parameters, with an AUC of 0.812 (95% CI 0.774-0.801). (C) AUC values for each model in males. (D)
Bootstrap validation of Model 3 yielded consistent parameters, with an AUC of 0.792 (95% CI 0.774-0.801).

Preoperative CRP 1.12 | 1.02-1.14 | 0.01 - - - 1.10 | 0.99-1.17 0.07
Preoperative Alb 0.57 |0.39-0.69 | 0.008 - - - 0.61 |0.47-0.69 0.01
VFA/SFA 3.75 | 1.45-9.66 | 0.06 331 | 1.14-9.64 0.03 |3.34 |1.14-9.80 0.03
Alb on admission - - - 0.77 |0.63-1.02 0.11 |0.76 |0.64-1.02 0.17
CRP on admission - - - 1.05 | 0.99-1.09 0.10 | 1.05 | 0.99-1.10 0.11
Abdomen sepsis when admission - - - 2.62 | 1.07-6.39 0.04 |2.80 |1.13-6.96 0.03
Duration from admission to infection control - - - 1.09 |1.04-1.15 <0.001 | 1.09 | 1.04-1.15 <0.001
Table 4. Multivariate regression analysis of different models for males.
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Figure 2. (A) Association between VFA/SFA ratio and severe adhesions in males. (B) Association between
VFA/SFA ratio and severe adhesions in female.

Model 1 Model 2 Model 3

Characteristics OR | 95% CI P OR |95%CI P OR | 95% CI P
VFA/TAMAI 1.36 |0.87-2.14 |0.17 - - - 1.37 ]0.89-2.04 |0.14
Preoperative CRP 1.16 |0.78-1.73 | 0.45 - - - 1.04 |0.94-1.15 |0.41
Preoperative Alb 0.44 | 0.24-0.54 | 0.002 - - - 0.49 | 0.31-0.66 | 0.006
VFA/SFA 3.07 |1.11-8.49 |0.03 3.02 | 1.02-7.99 |0.04 |2.99 |1.05-8.53 |0.04
CRP on admission - - - 1.02 |0.99-1.04 |0.13 |1.02 |0.99-1.04 |0.12
Abdomen sepsis when admission - - - 2.15 |0.88-5.61 |0.09 |2.26 |0.91-5.62 |0.08
Duration from admission to infection control - - - 1.03 |1.00-1.09 |0.03 |1.03 |1.00-1.09 |0.03

Table 5. Multivariate regression analysis of different models for females.

severity of abdominal inflammation. In addition, the duration of abdominal infections represents the duration of
inflammation. Thus, these two variables offer insights into the continuum of persistent abdominal inflammation
from different angles.

Other individual inflammatory indicators at admission might be easily affected by treatment interventions
(e.g., use of antibiotics and human serum albumin supplementation), and their relationship with infection sever-
ity and inflammatory indicators might not follow a linear pattern. Therefore, other indicators could be easily
interfered with in predicting the degree of inflammation and subsequently, adhesion formation. Preoperative
inflammatory indicators were also included and analyzed in this study.

Even after multivariate regression, albumin continued to show predictive value for adhesions. This suggests
that preoperative inflammatory indicators, such as albumin, along with VFA/SFA ratio, have a predictive effect on
adhesion formation. However, for patients with good preoperative preparation, traditional inflammatory indica-
tors such as C-reactive protein (CRP) and white blood cell (WBC) have limited predictive value. This could be
attributed to the fact that only a small number of patients presented with both normal WBC count and elevated
CRP levels before undergoing DS, making it challenging to establish statistical significance.

In addition, preoperative inflammatory indicators lack specificity, and after several months of recovery before
DS, they might even return to baseline normal levels. Therefore, we believe that relying only on individual predic-
tors without combining other indicators may have little significance. However, it is important to note that our
research was in preliminary stages in terms of detecting preoperative inflammation, and the absence of data on
certain inflammatory factors such as Interleukin- 6 and Tumor necrosis factor—a is a limitation. We intend to
address this issue in future research.

The study revealed that the VFA/SFA could influence abdominal adhesions across different genders. Distinct
patterns of body fat distribution are evident between men and women?®. Males typically exhibit higher VFA
levels?, which are readily influenced by inflammation or hormones?. The present study suggests that the impact
of chronic inflammation on VFA appears to be similar across genders. SFA, in contrast, is more stable?®, and
tends to be more abundant in females than in males?®. Accordingly, in the present study, females had higher SFA,
leading to a gender discrepancy in VFA/SFA ratios. Both male and female participants showed the significance
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of the VFA/SFA in predicting abdominal adhesions. Notably, the cutoff value was lower in females, mirroring
the results of other studies related to chronic diseases”*>*.

This study has some limitations. First, potential biases might stem from retrospective design and the relatively
small sample size. However, given that cases of small intestinal fistula with extensive abdominal adhesions are
relatively rare, the number of patients enrolled in this study may be adequate. Second, all patients had previously
undergone emergency SIR at other hospitals due to rupture. As such, obtaining accurate information about the
abdominal condition during such emergency surgeries proved difficult. The degree of contamination from these
emergencies might have influenced the formation of abdominal adhesions after surgery, possibly affecting the
research findings. However, this potential contamination might be reflected through the presence of sepsis on
admission or the duration of abdominal infections after admission. In addition, deciliter of intestinal fluid/pus in
overall patients reflecting the contamination was included for analysis, as well. Consequently, even patients with
severe contamination and adhesion during emergency surgery could still be assessed using the VFA/SFA ratio.
Third, differing viewpoints may exist, such as the argument that even if abdominal adhesions can be determined,
they cannot affect the surgical process and do not have a predictive effect on prognosis. However, determining
abdominal adhesions can make surgeons more alert and design potential bail-out procedures or even refer the
patient to a more specialized center. Another limitation is that the immunologic response differs among each
individual, and this is an important confounding factor for adhesion formation that is difficult to assess. As a
result, future research should adopt a prospective design with a larger sample size to mitigate potential biases
and enhance the robustness of findings. Additionally, future in-depth laboratory research on the immunologic
response following abdominal infections is needed. Finally, developing standardized protocols for assessing
and managing abdominal adhesions could validate the predictive utility of the VFA/SFA ratio and its impact on
surgical outcomes and prognosis.

Conclusion

The preoperative VFA/SFA demonstrates predictive value for status of severe abdominal adhesions in definitive
surgeries for anastomotic fistula after SIR. This ratio could serve as a predictive index for severe adhesions, aiding
preoperative assessments and surgical planning. Implementing the VFA/SFA ratio in routine evaluations may
help identify high-risk patients, optimize preoperative management, and improve surgical outcomes. Future
research should validate this index across diverse populations and explore interventions to reduce VFA and
adhesion severity, enhancing clinical utility.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding
author on reasonable request.
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