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Establishment of a risk prediction model G

for bowel necrosis in patients with incarcerated
inguinal hernia

Jiajie Zhou!" and Xiaoming Yuan'

Abstract

Introduction Incarceration occurred in approximately 5% to 15% of inguinal hernia patients, with around 15%

of incarcerated cases progressing to intestinal necrosis, necessitating bowel resection surgery. Patients with intestinal
necrosis had significantly higher mortality and complication rates compared to those without necrosis.The pri-

mary objective of this study was to design and validate a diagnostic model capable of predicting intestinal necrosis
in patients with incarcerated groin hernias.

Methods We screened the clinical records of patients who underwent emergency surgery for incarcerated inguinal
hernia between January 1, 2015, and December 31, 2022. To ensure balanced representation, the enrolled patients
were randomly divided into a training set (n=180) and a validation set (n=76) using a 2:1 ratio. Logistic regression
analysis was conducted using the rms package in R software, incorporating selected features from the LASSO regres-
sion model, to construct a predictive model.

Results Based on the results of the LASSO regression analysis, a multivariate logistic regression model was developed
to establish the predictive model. The predictors included in the model were Abdominal effusion, Hernia Sac Effu-
sion, and Procalcitonin. The area under the receiver operating characteristic (ROC) curve for the nomogram graph

in the training set was 0.977 (95% Cl=0.957-0.992). In the validation set, the AUC for the nomogram graph was 0.970.
Calibration curve and decision curve analysis (DCA) verified the accuracy and practicability of the nomogram graph

in our study.

Conclusion Bowel necrosis in patients with incarcerated inguinal hernia was influenced by multiple factors. The
nomogram predictive model constructed in this study could be utilized to predict and differentiate whether incarcer-
ated inguinal hernia patients were at risk of developing bowel necrosis.

Keywords Inguinal hernia, Nomogram, Risk factor, Incarcerated inguinal hernia, Bowel necrosis

Introduction

In the past, inguinal hernia (IH) referred to the forma-
tion of a sac where the peritoneum protruded through
a weak point in the inguinal region. Typically, it con-
tained abdominal contents and was commonly treated
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significant disparities in inguinal hernia surgical rates
across different countries. In the United Kingdom, the
surgical rate stood at 10 per 10,000 individuals, whereas
in the United States, the surgical rate amounted to 28
per 10,000 individuals [2].

Patients afflicted with inguinal hernia faced the peril of
hernia incarceration if timely surgical intervention was
not promptly undertaken. Hernia incarceration entailed
the acute entrapment of intra-abdominal viscera within
the hernial ring, subsequently leading to necrosis, per-
foration, and intra-abdominal infection. Emergency sur-
gery was typically imperative in such cases, and patients
undergoing emergency surgery exhibited higher rates of
complications and mortality compared to those under-
going elective procedures. Patients with inguinal hernias
in males typically manifested as asymptomatic or with
mild symptoms. However, once intestinal incarceration
occurred, patients might have exhibited pronounced
abdominal pain symptoms. It was noteworthy that the
incidence of incarceration in inguinal hernias was gener-
ally less than 0.5% [3] with 15% of patients [4] progress-
ing to an incarcerated state, thereby leading to intestinal
necrosis, potentially necessitating bowel resection sur-
gery. The incidence of complications and mortality in
emergency surgery for incarcerated inguinal hernia stood
at 21-39% and 4—5%, respectively [5]. Patients with intes-
tinal necrosis experienced significantly prolonged hos-
pitalization compared to those without necrosis, with
increased rates of complications and a mortality rate
ranging from 1 to 7% [6]. Therefore, early recognition of
risk factors in patients with inguinal hernia accompanied
by intestinal necrosis and timely surgical intervention
were of paramount importance for their prognosis.

Inguinal Hernia Patients(n=1451)
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The objective of this study was to identify the risk fac-
tors associated with incarcerated inguinal hernia and
intestinal necrosis, aiming to assist surgeons in preopera-
tive evaluation of bowel viability and provide high-level
evidence to support their clinical decision-making, ena-
bling them to make precise and informed choices.

Materials and methods

Patients

In this retrospective study conducted at a single center,
we developed and validated a diagnostic model for pre-
dicting intestinal necrosis in patients with incarcerated
inguinal hernia (IIH), utilizing clinical data from a Chi-
nese public tertiary hospital. The methodology utilized in
this study conformed to the relevant medical guidelines
and regulations, and the research acquired approval from
the Ethical Committee of Huai'an First People’s Hospi-
tal. All participants provided informed consent. Clinical
records of patients who underwent emergency surgery
for incarcerated inguinal hernia between January 1, 2015,
and December 31, 2022, were screened. Included patients
had comprehensive clinical data, including blood rou-
tine, biochemical indicators, and imaging examination
reports. The inclusion and exclusion process is illustrated
in the flowchart. A total of 256 patients with incarcer-
ated inguinal hernia were recruited, with 5 patients
excluded. Figure 1 delineates the process of screening
patients. Inclusion criteria: Patients afflicted with incar-
cerated inguinal hernias necessitating surgical interven-
tion. Exclusion criterion: Patients necessitating surgical
intervention unrelated to an incarcerated hernia. Given
the widespread utilization of computed tomography (CT)
scanning machines in Chinese computing facilities and

Excluding 1190 cases of inguinal

Incarcerated Inguinal Hernia
Patients(n=261)

hernia patients without incarceration

Excluding(5 cases comorbidities):

Incarcerated Inguinal Hernia
Patients(n=256)

1. Cerebral hemorrhage(n=1)

2. Stomach perforation(n=1)

3. Crohn's disease leading to small intestine perforation(n=1)
4. Trauma resulted in Intestinal perforation(n=1)

5. Colon cancer undergoing colon tumor resection(n=1)

Incarcerated Inguinal Hernia Patients
witout Bowel Necrosis (n=191)

Incarcerated Inguinal Hernia Patients
with Bowel Necrosis (n=65)

Fig. 1 Patients selection protocol



Zhou and Yuan BMC Medical Informatics and Decision Making

the stipulation in the author’s affiliated hospital that all
patients with acute abdominal symptoms must undergo
radiological examinations preoperatively, encompassing
both CT and ultrasound examinations, all patients in this
study cohort underwent CT examinations. This practice
became a routine procedure in medical institutions in
China. Nevertheless, abdominal and inguinal ultrasound
examinations sufficed adequately for the purposes of this
study.

All included patients underwent surgery, and the
occurrence of intestinal necrosis was confirmed. Out of
these, 65 patients were diagnosed with intestinal necro-
sis, while 191 patients were confirmed to be free of intes-
tinal necrosis. To ensure balanced representation, the
enrolled patients were randomly divided into a training
set (n=180) and a validation set (n="76) using a 2:1 ratio.
Baseline characteristics were comparable with no differ-
ences between the two groups, as shown in Table 1 [7].

Nomogram construction

The association between clinical variables and intestinal
necrosis patients was evaluated using univariate analy-
sis. Fisher’s exact test or chi-square test was employed
for the analysis of categorical variables. Analysis of vari-
ance and Kruskal-Wallis H test were used to compare
differences among the three groups.Multivariable logistic
regression was applied to select independent predictive
factors from the variables that showed significant dif-
ferences in univariate analysis. The glmnet package was
used to run LASSO (Least Absolute Shrinkage and Selec-
tion Operator) regression analysis, a shrinkage and vari-
able selection method for linear regression models, with
the best lambda value selected. Lambda.lse provided a
model with good performance and minimal independent
variables. We then conducted logistic regression analysis
using the rms package in R software, incorporating the
selected features from the LASSO regression model, to
construct a predictive model [8].

Nomogram performance validation

In the external validation process of the nomogram, the
total score for each patient in the validation set was cal-
culated based on the established nomogram Receiver
Operating Characteristic (ROC) curve analysis, calibra-
tion curve analysis, and Decision Curve Analysis (DCA)
were used to estimate the performance of the risk pre-
diction model using data from the training and valida-
tion sets, respectively. The pROC package in R software
was utilized for ROC curve analysis to calculate the Area
Under the Curve (AUC) [9]. The rms package was used
to plot and calculate calibration curves to assess the cali-
bration of the flowchart in this study, and the Hosmer—
Lemeshow test was performed. Furthermore, the nricens
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package was used for Decision Curve Analysis (DCA) to
determine the net benefits of the nomogram in this study
at different threshold probabilities [10].

Statistical analysis

Statistical analysis was performed using R software
(version 3.6.1; http://www.Rproject.org; R Foundation,
Vienna, Austria). Fisher’s exact test or chi-square test was
used for the analysis of categorical variables. Multivari-
able logistic regression was applied to select independent
predictive factors from the variables that showed signifi-
cant differences in univariate analysis. The glmnet pack-
age was used for LASSO regression analysis. The pROC
package in R software was employed for ROC curve anal-
ysis. The rms package was used to plot and calculate cali-
bration curves to assess the calibration of the flowchart
in this study, and the Hosmer—Lemeshow test was per-
formed. Additionally, the nricens package was used for
Decision Curve Analysis (DCA).

Results

Characteristics of the study

This study ultimately included a cohort of 256 patients.
All patients were divided into training set (#=180) and
validation set (#="76) in a ratio of 7:3. Table 1 presents
the baseline characteristics of patients with incarcer-
ated inguinal hernia in the training and validation sets,
with no significant differences observed between the two
groups (p>0.05). Table 1 also categorizes the patients
into the group with incarcerated inguinal hernia accom-
panied by intestinal necrosis (n=65) and the group with
incarcerated inguinal hernia without intestinal necrosis
(n=191).

Independent risk factors of the training set

Univariate analysis revealed that factors such as Gender,
Age, Cerebral Infarction, Duration of Incarcerated Ingui-
nal Hernia, Rebound Tenderness, Board-like Rigidity of
the Abdomen, Hernia Sac Effusion, Abdominal effusion,
Surgical Procedure, Incision Site, Hernia Mesh, White
Blood Cell 2, Procalcitonin, Neutrophil Ratio, Prothrom-
bin Time, and Fibrinogen Concentration, among others,
contribute to the risk profile of patients with incarcer-
ated inguinal hernia accompanied by intestinal necrosis
(Table 2).

Variable selection and model complexity adjustment
were performed using the LASSO binary logistic regres-
sion model. Figures 2 and 3 demonstrated the optimal
lambda value, which corresponded to a model with four-
teen non-zero coefficients. The Lambda.lse identified a
model with similar predictive capabilities consisting of
only three variables (Fig. 4).


http://www.Rproject.org

Zhou and Yuan BMC Medical Informatics and Decision Making (2024) 24:39 Page 4 of 16
Table 1 Baseline characteristics
Characteristic Total patient IIH witout BN IIH with BN P Validation set Training set P
(n=256) (n=191) (n=65) (n=76) (n=180)
Gender 0.005 0.672
Female 60 (23.4%) 36 (18.8%) 24 (36.9%) 16 (21.1%) 44 (24.4%)
Male 196 (76.6%) 155 (81.2%) 41 (63.1%) 60 (78.9%) 136 (75.6%)
Age (years) <0.001 0.664
<50 71 (27.7%) 65 (34.0%) 6 (9.23%) 23 (30.3%) 48 (26.7%)
>50 185 (72.3%) 126 (66.0%) 59 (90.8%) 53 (69.7%) 132 (73.3%)
Hypertension 0.697 0.209
No 184 (71.9%) 139 (72.8%) 45 (69.2%) 50 (65.8%) 134 (74.4%)
Yes 72 (28.1%) 52 (27.2%) 20 (30.8%) 26 (34.2%) 46 (25.6%)
Coronary Heart 0.864 0.525
Disease
No 233 (91.0%) 173 (90.6%) 60 (92.3%) 71 (93.4%) 162 (90.0%)
Yes 23 (8.98%) 18 (9.42%) 5 (7.69%) 5 (6.58%) 18 (10.0%)
Diabetes 0.202 0.564
No 242 (94.5%) 183 (95.8%) 59 (90.8%) 71 (93.4%) 171 (95.0%)
Yes 14 (5.47%) 8 (4.19%) 6(9.23%) 5 (6.58%) 9 (5.00%)
Cerebral Infarction 0.087 1.000
No 238 (93.0%) 181 (94.8%) 57 (87.7%) 71 (93.4%) 167 (92.8%)
Yes 18 (7.03%) 10 (5.24%) 8(12.3%) 5 (6.58%) 13 (7.22%)
Duration of <0.001 0.876
Incarcerated
Inguinal Hernia (h)
<12 148 (57.8%) 133 (69.6%) 15(23.1%) 45 (59.2%) 103 (57.2%)
>12 108 (42.2%) 58 (30.4%) 50 (76.9%) 31 (40.8%) 77 (42.8%)
Location of 0913 0.308
Incarcerated
Inguinal Hernia
Right 162 (63.3%) 120 (62.8%) 42 (64.6%) 44 (57.9%) 118 (65.6%)
Left 94 (36.7%) 71 (37.2%) 23 (35.4%) 32 (42.1%) 62 (34.4%)
Size of 0.727 0494
Incarcerated
Inguinal Hernia (cm)
<5%5 168 (65.6%) 127 (66.5%) 41 (63.1%) 47 (61.8%) 121 (67.2%)
>5%5 88 (34.4%) 64 (33.5%) 24 (36.9%) 29 (38.2%) 59 (32.8%)
Pneumoperitoneum 0.001 0.635
No 251 (98.0%) 191 (100%) 60 (92.3%) 74 (97 4%) 177 (98.3%)
Yes 5 (1.95%) 0 (0.00%) 5 (7.69%) 2 (2.63%) 3(1.67%)
Rebound Tenderness <0.001 0.723
No 230 (89.8%) 183 (95.8%) 47 (72.3%) 67 (88.2%) 163 (90.6%)
Yes 26 (10.2%) 8 (4.19%) 18 (27.7%) 9(11.8%) 17 (9.44%)
Board like Rigidity of <0.001 0.895
the Aabdomen
No 235 (91.8%) 185 (96.9%) 50 (76.9%) 69 (90.8%) 166 (92.2%)
Yes 21 (8.20%) 6 (3.14%) 15 (23.1%) 7(9.21%) 14 (7.78%)
Hernia Sac Effusion <0.001 1.000
No 190 (74.2%) 182 (95.3%) 8(12.3%) 56 (73.7%) 134 (74.4%)
Yes 66 (25.8%) 9 (4.71%) 57 (87.7%) 20 (26.3%) 46 (25.6%)
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Table 1 (continued)
Characteristic Total patient IIH witout BN IIH with BN P Validation set Training set P
(n=256) (n=191) (n=65) (n=76) (n=180)
Abdominal effusion <0.001 0.216
No 221 (86.3%) 189 (99.0%) 32 (49.2%) 62 (81.6%) 159 (88.3%)
Yes 35(13.7%) 2(1.05%) 33 (50.8%) 14 (18.4%) 21 (11.7%)
Surgical Procedure 0.001 0.571
Open 212 (82.8%) 149 (78.0%) 63 (96.9%) 65 (85.5%) 147 (81.7%)
Laporoscopy 44 (17.2%) 42 (22.0%) 2 (3.08%) 11 (14.5%) 33(18.3%)
Incision Site <0.001 0.214
Inguinal incision 215 (84.0%) 180 (94.2%) 35(53.8%) 60 (78.9%) 155 (86.1%)
Abdominal incision 41 (16.0%) 11 (5.76%) 30 (46.2%) 16 (21.1%) 25 (13.9%)
Hernia Mesh <0.001 0.587
No 173 (67.6%) 112 (58.6%) 61 (93.8%) 49 (64.5%) 124 (68.9%)
Yes 83 (32.4%) 79 (41.4%) 4 (6.15%) 27 (35.5%) 56 (31.1%)
White Blood Cell <0.001 0.255
(10°71)
<10 177 (69.1%) 145 (75.9%) 32 (49.2%) 49 (64.5%) 128 (71.1%)
10 <White Blood 67 (26.2%) 45 (23.6%) 22 (33.8%) 21 (27.6%) 46 (25.6%)
Cell<20
>20 12 (4.69%) 1(0.52%) 11 (16.9%) 6 (7.89%) 6 (3.33%)
Hemoglobin (g/1) 0613 0.207
<130 125 (48.8%) 91 (47.6%) 34 (52.3%) 32 (42.1%) 93 (51.7%)
>130 131 (51.2%) 100 (52.4%) 31 (47.7%) 44 (57.9%) 87 (48.3%)
Platelet (10°/1) 0.025 0419
<300 206 (80.5%) 147 (77.0%) 59 (90.8%) 64 (84.2%) 142 (78.9%)
>300 50 (19.5%) 44 (23.0%) 6 (9.23%) 12 (15.8%) 38 (21.1%)
Procalcitonin (g/l) <0.001 0.958
<0.05 183 (71.5%) 170 (89.0%) 13 (20.0%) 55 (72.4%) 128 (71.1%)
>0.05 73 (28.5%) 21 (11.0%) 52 (80.0%) 21 (27.6%) 52 (28.9%)
Neutrophil Ratio (%) <0.001 0.270
<90 223 (87.1%) 179 (93.7%) 44.(67.7%) 63 (82.9%) 160 (88.9%)
>90 33 (12.9%) 12 (6.28%) 21 (32.3%) 13(17.1%) 20 (11.1%)
Prothrombin Time (s) <0.001 0471
<14 175 (68.4%) 146 (76.4%) 29 (44.6%) 49 (64.5%) 126 (70.0%)
>14 81 (31.6%) 45 (23.6%) 36 (55.4%) 27 (35.5%) 54 (30.0%)
Fibrinogen <0.001 1.000
Concentration (g/1)
<4 193 (75.4%) 155 (81.2%) 38 (58.5%) 57 (75.0%) 136 (75.6%)
>4 63 (24.6%) 36 (18.8%) 27 (41.5%) 19 (25.0%) 44 (24.4%)

Creation of the predictive model

Based on the results of the LASSO regression analysis,
a multivariate logistic regression model was developed
to establish the predictive model. Out of the original 24
variables, three variables, namely Abdominal effusion,
Hernia Sac Effusion, and Procalcitonin, were included
as predictors in the model. The predictive model was
represented by a formal graph, quantifying the risk

probability of intestinal necrosis in patients with incar-
cerated inguinal hernia (Fig. 5).

Predictive model validation

The area under the ROC curve (AUC) for the nom-
ogram graph in the training set was 0.977 (95%
CI=0.957-0.992) (Fig. 6). The accuracy of the nomo-
gram graph was verified using the bootstrap method
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with 500 resamplings (Fig. 7). In the validation set, (Fig. 9). These findings indicate excellent discrimina-
the AUC for the nomogram graph was 0.970 (95% tory performance of the discovered nomogram model.

CI=0.91-1) (Fig. 8), and its accuracy was assessed

To assess the calibration of the predictive model, cali-

using the bootstrap method with 500 resamplings bration curves and the Hosmer—Lemeshow test were



Zhou and Yuan BMC Medical Informatics and Decision Making

25 25 24 23 23 22 22 21 21 20 20 14 14 14 13 11

(2024) 24:39

Page 8 of 16

717433 3FF2229%1

o
«
o
ntd .
s o
0 .
T
‘0_) .
[
= .
o
9] :
c o
5 S '
= © |
- u.....u......u.o...uo.u.o...,“ N“,.,..au... .t
o
o
T T T T T T T T
-8 -7 -6 -5 -4 -3 2 -1
Log(%)
Fig.4 Lambda.lse
. 0 10 20 30 40 50 60 70 80 90 100
Polnts L 1 1 1 1 1 1 1 1 1 I

Hernia.Sac.Effusion

1
Abdominal.effusion d
1
Procalcitonin !
0
Total Points 0 20 40 60 80 100 140 180 220

02 04 06 08

Diagnostic Possibility 5
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employed. The calibration curves (Figs. 10 and 11) illus-
trate a strong fit between the predictive model and the
validation set. The Hosmer—Lemeshow test revealed high
consistency between the predicted and actual probabili-
ties (training set, P=0.053; validation set, P=0.990).

The Decision Curve Analysis (DCA) illustrated that
patients could derive net benefit when the threshold

03 05 07 09

probability of the training and validation sets ranged
from 0 to 100% (Figs. 12 and 13).

Discussion

Incarcerated inguinal hernia (IGH) is a common sur-
gical abdominal emergency, accounting for 50-80% of
incarcerated abdominal wall hernias. Approximately
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15% of IGH patients required intestinal resection due
to associated intestinal necrosis [11]. The postopera-
tive complication rate of emergency surgery for IGH
was reported to be 21-39%, with a mortality rate of
4-5% [12]. Early identification of predictive factors for
incarcerated inguinal hernia accompanied by intestinal
necrosis and prompt surgical intervention held signifi-
cant clinical significance.

Currently, research on postoperative complica-
tions and prognosis following inguinal hernia incar-
ceration is fairly extensive. However, studies assessing
the occurrence of intestinal necrosis in patients with

incarcerated inguinal hernias preoperatively are rela-
tively scarce. Furthermore, there is a paucity of rel-
evant research establishing predictive models based
on limited emergency patient information. In light of
these circumstances, this study aimed to establish a
predictive model through a retrospective approach to
assist surgeons in accurately assessing the risk of intes-
tinal necrosis in patients preoperatively. Through this
predictive model, we aspired to furnish surgeons with
more precise preoperative information, enhancing the
selection of the optimal timing for surgery and the
determination of the appropriate surgical approach,
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Fig. 11 The calibration curves of the validation set

thereby maximizing the prognosis for patients. We
firmly believed that through this research, we could
offer robust support for preoperative diagnosis and
treatment decisions in patients with incarcerated
inguinal hernias, bringing about substantive improve-
ments in clinical management for the benefit of the
patients.

Previously, multiple studies indicated that factors such
as female gender, advanced age, prolonged hospitaliza-
tion, inguinal hernia, and peritonitis contributed to the
risk of incarcerated inguinal hernia leading to intestinal
necrosis. However, these studies exhibited contradictory

findings. For instance, Abd Ellatif et al’s research [6] sug-
gested that female gender was not a risk factor for bowel
resection, while other studies [7, 8] indicated that it was
indeed a risk factor. Moreover, previous studies had pre-
dominantly relied on small sample sizes. Hence, there
was an urgent need for a comprehensive study to early
identify the risk factors for bowel resection in patients
with incarcerated inguinal hernia complicated by intesti-
nal necrosis.

The management of incarcerated groin hernias
remained a subject of contention. While the majority
of scholars emphasized prompt surgical intervention,
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Fig. 13 The decision curve analysis of the validation sets

some researchers proposed, in selectively chosen cases,
employing hernia reduction under analgesia and seda-
tion conditions [13]. Early and accurate identification
of intestinal necrosis was paramount for formulating
timely surgical treatment plans when dealing with hernia

patients [14]. Delay in diagnosis and surgical intervention
might have resulted in a higher rate of bowel resection,
concurrently increasing postoperative morbidity and
mortality [15]. Hence, in predicting and diagnosing cases
of intestinal necrosis in patients with an Incarcerated
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groin hernia through this model, foremost consideration
should be given to surgical intervention; in this context,
the reduction of the hernia should be explicitly defined
as a contraindication for treatment. According to the sur-
gical treatment guidelines [16], if the patient was devoid
of intestinal necrosis or harbors intestinal necrosis with-
out enteric fluid leakage (clean-contaminated surgical
field, CDC wound class II), a tension-free inguinal hernia
repair procedure may be pursued. However, in the pres-
ence of both intestinal necrosis and associated enteric
fluid leakage (contaminated surgical field, CDC wound
class III), the patient was constrained to undergo a high
ligation procedure for the hernia sac.

Our study delineated that initially, 21 patients mani-
fested with board-like abdominal symptoms. However,
intraoperative validation subsequently disclosed that
only 15 among them received a definitive diagnosis of
intestinal necrosis. Conversely, within the cohort of 235
patients who lacked board-like abdominal symptoms
prior to the surgical procedure, 50 were unequivocally
identified as harboring intestinal necrosis. This under-
scores that, while peritonitis serves as a robust predictor
of bowel ischemia, its absence does not entirely preclude
the potential emergence of this pathological condi-
tion.The primary objective underlying the design of our
model is to prognosticate a subset of patients character-
ized by the presence of intestinal necrosis but lacking
the manifestation of peritonitis symptoms. By employ-
ing our model, one should be able to anticipate this spe-
cific subset devoid of peritonitis yet affected by intestinal
necrosis.

This study revealed that Abdominal effusion, Hernia
Sac Effusion, and Procalcitonin were three primary vari-
able factors influencing the occurrence of bowel necrosis
in patients with incarcerated inguinal hernia. When the
intestinal tube was compressed by the hernia sac, caus-
ing impaired blood supply, leakage of fluid occurred in
the intestines and mesentery. This further progressed to
intestinal necrosis, leading to the accumulation of bloody
intraperitoneal fluid. However, in clinical surgery, the
presence of bloody intraperitoneal fluid did not neces-
sarily indicate bowel necrosis; it may simply indicate
compromised blood flow in the intestines. As long as the
incarcerated intestinal tube was promptly released, nor-
mal intestinal function could be restored. Procalcitonin
(PCT) [17], primarily secreted by thyroid C cells, was a
protein containing a 116-amino acid sequence. Under
physiological conditions, serum procalcitonin levels were
typically very low, usually < 0.1 ng/ml. PCT could serve as
a marker for infection and sepsis, and studies had shown
that when serum PCT levels exceeded 1.0 ng/ml, the
occurrence of bowel necrosis should be highly suspected
[18]. Our study found significant differences between two

(2024) 24:39

Page 14 of 16

patient groups when stratifying procalcitonin at a cutoff
of 0.05 ng/ml. Furthermore, when constructing a predic-
tive model using the risk factors of Abdominal effusion,
Hernia Sac Effusion, and Procalcitonin>0.05 ng/ml, the
model demonstrated excellent discrimination perfor-
mance with an area under the ROC curve (AUC) of 0.977
for the training set and an AUC of 0.970 for the validation
set. The calibration curve (Fig. 6) indicated a very good fit
between the predictive model and the validation set. The
DCA curve demonstrated that using this research model
provided net benefits for patients.

In our study, the presence of hernia sac or abdominal
cavity fluid was considered conclusive, regardless of the
quantity, if detected through preoperative abdominal
ultrasound or abdominal CT examinations. We refrained
from further stratified analysis of hernia sac or abdomi-
nal cavity fluid because the model’s predictive capability
exhibited excellent performance merely by incorporating
the presence or absence of hernia sac or abdominal cavity
fluid as model parameters, with an AUC reaching 0.97.
This straightforward yet effective approach provided us
with a feasible means of preoperative diagnosis in clinical
practice, simultaneously demonstrating the outstanding
performance of the model in predicting the risk of intes-
tinal necrosis in patients.

When inguinal hernia progressed to incarcerated
inguinal hernia, inflammatory markers such as white
blood cell count and percentage of neutrophils increased
[19]. However, the degree to which increased inflamma-
tory markers could indicate a high risk of bowel necrosis
remained uncertain. Our study divided white blood cell
count into three groups using 10°/L and 20°/L as cutoffs
and divided the neutrophil ratio into two groups based
on 90%. Univariate analysis showed differences between
the groups, but multivariate analysis revealed no statisti-
cally significant differences between the groups, indicat-
ing that they could not serve as predictive indicators for
bowel necrosis. Despite previous studies [4, 20] indicat-
ing an association between white blood cell count and
the percentage of neutrophils with the occurrence of
intestinal necrosis in incarcerated hernia patients, our
research, under a multifactorial analytical framework,
revealed that these two biological markers did not exhibit
significant predictive roles for intestinal necrosis in our
established model, in contrast to other variables we
meticulously selected.

Currently, the literature [21-24] on factors influenc-
ing intestinal necrosis in incarcerated inguinal hernias is
abundant. However, research on diagnostic models pre-
dicting the occurrence of intestinal necrosis in patients
with incarcerated inguinal hernias is relatively sparse.
To address this gap in the research domain, this study
adopted a systematic and comprehensive approach,
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constructing a predictive model focusing on three key
variables.

The selection of these three key variables was meticu-
lously considered. They not only facilitated straight-
forward preoperative examinations but could also be
easily obtained through preoperative serological tests
and abdominal ultrasound examinations. The design of
this strategy aimed to ensure the practicality and broad
applicability of the model, making it more readily appli-
cable in clinical practice.

The model exhibited remarkable performance in evalu-
ations, with an AUC reaching 0.97, surpassing the widely
recognized discriminative ability threshold of 0.95 [25].
This signified that our model not only achieved signifi-
cant prowess in predictive capability but also held prom-
ising prospects for highly credible application in clinical
practice.

The significance of this study lay not only in filling
research gaps in relevant fields but also in providing sur-
geons with a practical guiding tool. We firmly believed
that this model was poised to play a positive role in clini-
cal work, offering robust support for early prediction and
intervention of intestinal necrosis in incarcerated ingui-
nal hernias. Consequently, it had the potential to enhance
treatment outcomes and survival rates for patients.

This study established a novel, convenient, and highly
accurate nomogram [26] for predicting the probability
of bowel necrosis occurrence in patients with incarcer-
ated inguinal hernia. The nomogram demonstrated sat-
isfactory consistency in both the modeling population
and the validation population, indicating its excellent
clinical applicability. Nomograms [27] are widely used
for predicting the incidence of various diseases or com-
plications, providing references for clinical decision-
making. They also meet the demands of integrating
biological and clinical models and pursuing personal-
ized medicine, thus providing individualized predic-
tions for patients.

In conclusion, bowel necrosis in patients with incar-
cerated inguinal hernia was caused by multiple factors.
The nomogram predictive model constructed in this
study could be used to predict and differentiate whether
incarcerated inguinal hernia patients would experience
bowel necrosis. By promptly implementing reduction
techniques or surgical interventions, the risk of bowel
necrosis in such patients could be reduced. This held
significant clinical importance in improving patient
prognosis and enhancing their quality of life. How-
ever, this study also had some limitations: Firstly, due
to the emergency nature of the subjects, some crucial
indicators such as lactate levels, erythrocyte sedimen-
tation rate, and C-reactive protein were unattainable.
This limitation might have affected the comprehensive
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assessment of patient conditions and the synthesis of
research outcomes. Secondly, the radiological manifes-
tations of intestinal necrosis are diverse [16]. However,
considering the simplicity of detection indicators and
the practical feasibility of the model, we opted to focus
solely on the examination of abdominal and hernia sac
fluid accumulation for in-depth investigation. Although
these two indicators were relatively easy to obtain in
clinical practice, to some extent, this approach might
have overlooked other significant radiological fea-
tures that could have influenced intestinal necrosis.
Thirdly,The research data was derived from a retrospec-
tive study in a single center, which had certain limita-
tions, and the relevant conclusions needed further
validation through large-scale prospective studies.
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