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Abstract
Purpose  We aim to construct and verify a model combining radiomic and clinical data to predict early mortality in patients 
with colorectal perforation in a two-center study.
Methods  Data from 147 patients at Xiaogan Central Hospital (2014–2024) and 52 patients at Southern Hospital of Southern 
Medical University (2021–2023) were collected for model training and validation. Univariate and multivariate analyses were 
performed to identify risk factors associated with mortality. Radiomic characteristics from CT scans were extracted via least 
absolute shrinkage and selection operator (LASSO) regression to construct an imaging score. A nomogram was developed by 
integrating the findings from the multivariate analysis. Predictive performance was evaluated via the area under the receiver 
operating characteristic curve (AUC), and clinical utility was assessed via decision curve analysis (DCA).
Results  Univariate analysis highlighted age, ASA classification, shock index, rad-score, white blood cell (WBC) count, 
neutrophil (N) and lymphocyte (L) counts, sodium (Na+), creatinine (Cr), and procalcitonin (PCT) as significant prognostic 
indicators for mortality (p < 0.05). Multivariate analysis confirmed age, ASA classification, PCT, and rad-score as independ-
ent prognostic factors. The radiomic combined with clinical characteristics nomogram (RCCCN) includes four variables: 
the patient's age, ASA classification, PCT level, and rad-score. The RCCCN model demonstrated excellent predictive per-
formance for mortality risk in the validation cohort (AUC: 0.92, 95% CI: 0.84–0.99) with good calibration.
Conclusion  A nomogram combining radiomic features and clinical characteristics effectively predicts mortality in patients 
with colorectal perforation, providing a valuable tool for clinical decision-making and patient management.
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Introduction

Colorectal perforation is a serious condition associated with 
high morbidity and mortality rates. The global incidence of 
colorectal perforation varies, with some estimates suggest-
ing that it accounts for up to 20% of all colorectal surger-
ies, underscoring its clinical significance in gastrointestinal 
emergencies [[1–3]]. Despite advancements in surgical pro-
cedures and postoperative care, the risk of mortality due 
to colorectal perforation remains significantly high, ranging 
from 6 to 33%, depending on the study and patient cohort 
[[4–8]]. The causes of death in these patients often include 
sepsis-induced shock, disseminated intravascular coagulopa-
thy, and multiple organ dysfunction syndrome [[9]]. Imme-
diate surgical intervention remains the standard treatment 
for colorectal perforation, with careful preoperative assess-
ment required to determine condition severity and pinpoint 
potential mortality risk factors [[10]]. Various risk factors 
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have been identified, including age, body mass index (BMI), 
serum protein levels, etiology of perforation, coagulopathy, 
and serum creatinine levels [[11–16]]. However, integrating 
these factors into a predictive model capable of accurately 
stratifying patients the basis of on their risk remains a chal-
lenge [[17]]. In recent years, interest in the use of radiomic 
features—quantitative imaging phenotypes derived from 
medical images—to complement clinical data in predict-
ing patient outcomes has increased [[18]]. Studies have dem-
onstrated that radiomic models can offer robust predictive 
capabilities and hold significant potential for clinical appli-
cation [[19–21]].

We aim to identify the elements that affect the prognosis 
in patients with colorectal perforation who are undergoing 
surgical intervention and to devise a prognostic tool that 
integrates radiomic features and clinical profiles for predict-
ing mortality in patients. The clinical application value of 
prognostic models in predicting outcomes for patients with 
colorectal perforation, and to evaluate the clinical appli-
cation value of the model in predicting the prognosis of 
patients with colorectal perforation.

Materials and methods

Patients

We gathered patient data from two medical centers regard-
ing colorectal perforation diagnoses: 147 cases from 
Xiaogan Central Hospital (XGCH) from January 2014 to 

August 2024, and 52 cases from the Southern Hospital 
of Southern Medical University (SHSMU) from Janu-
ary 2021 to December 2023. Our inclusion criteria were 
patients with colorectal perforation who presented signs of 
perforation on preoperative CT images and were confirmed 
during the operation. The criteria for exclusion were as 
follows: (1) patients with colorectal perforation who had 
not undergone surgical treatment; (2) patients who died 
during the perioperative period or due to cardiovascular 
and cerebrovascular accidents; and (3) patients whose 
clinical data were missing. A total of 26 patients were 
excluded based on the predefined exclusion criteria. Spe-
cifically, 22 patients did not undergo surgical treatment, 2 
patients died during the perioperative period due to cardio-
vascular and cerebrovascular accidents, and 2 patients had 
missing data due to the long duration since their treatment. 
This detailed exclusion process ensured the consistency 
and accuracy of our study cohort, leaving 173 patients 
included in the study. Participants were randomly allo-
cated into two groups: a training cohort (n = 104) and a 
validation cohort (n = 69), following a 6:4 distribution. 
The main outcome of the study was 30-day postoperative 
mortality. Based on their 30-day postoperative outcomes, 
individuals in the training cohort were split into a sur-
vival group (n = 80) and a mortality group (n = 24), and 
factors associated with death were analyzed. Thirty-day 
postoperative mortality was defined as death from any 
cause occurring during the hospital stay or within 30 days 
following surgery. Figure 1 illustrates the patient selection 
process in a flowchart.

Fig. 1   Patient selection
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Collected data

The patient data were collected through a retrospective chart 
review of electronic medical records from the two participat-
ing hospitals. The baseline patient data collected included 
age, sex, initial vital signs, and duration of illness. The sur-
gery-related information included ASA classification, per-
foration details (location, size, cause, and type), operation 
time, postoperative complications, and postoperative pathol-
ogy. Preoperative clinical parameters include white blood 
cell (WBC) count, hemoglobin (Hb), neutrophil count (N), 
lymphocyte count (L), electrolytes, total bilirubin (TBil), 
albumin (ALB), amylase, creatinine (Cr), C-reactive protein 
(CRP), and procalcitonin (PCT).

CT image acquisition and feature extraction

Preoperative multidetector spiral CT (MDCT) was per-
formed in all patients, scanning from the diaphragmatic 
dome to the pubic symphysis. The image reconstruction 
parameters included a slice thickness of 2.5 mm and a 
standard reconstruction algorithm. The images were evalu-
ated by two radiologists for the presence of colonic or 
rectal perforation and ascites. CT image acquisition was 
performed on different CT scanners. The CT images were 
then subjected to three-dimensional reconstruction of 
ascites using the SLICER software (version 5.6.2) [[22,23]], 
further analysis and processing of the features were per-
formed using the `pyradiomics` library in Python (version 
3.9.10). Since the software cannot automatically detect 

ascites, manual segmentation of the ascites region was 
performed by two experienced radiologists using 3D Slicer 
software. The processing steps and feature extraction pro-
cess are shown in Fig. 2. Features were selected using 
LASSO (version 3.12), and a rad-score was constructed 
by adjusting the regularization parameter (λ).

To evaluate the reproducibility of feature extraction by 
the two radiologists, we calculated the correlation coef-
ficients for all extracted features using Python (version 
3.12). The results showed that all correlation coefficients 
(0.997) were greater than 0.80, indicating high reproduc-
ibility in the feature extraction process. This supports the 
reliability of our radiomic features.

Radiomic score

19 features were obtained via Lasso, with details available 
in the supply.

R​ad- ​sco​r ​e  = ​β0 + β1 ⋅M​e​an ​+ β ​2 ⋅ ​M​ini ​mum​ +​ ​
β3⋅ ​Max​imu​m​ ​+ β​4⋅M​esh​Vo​l​ume​ + ​β5⋅ ​Su​r ​fac​eAr​
ea +​ β6⋅VoxelV​o​lum​e +​ ​β​7⋅M​ini​mum​.1 ​+ β​8⋅Range + β9
⋅Energy + β10⋅ClusterProminence + β11⋅ClusterShade + 
β12⋅Variance + β13⋅GrayLevelNonUniformity + β14⋅Gra
yLevelNonUniformity.1 + β15⋅RunLengthNonUniform-
ity + β16⋅LargeAreaEmphasis + β17⋅LargeAreaHighGra
yLevelEmphasis + β18⋅ZoneVariance + β19⋅Complexity.

The rad-score for each patient was calculated via this 
formula within the cohort.

Fig. 2   Flowchart of CT image acquisition and model construction
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Statistical analysis

For missing data values, we used the median imputation 
method, replacing missing values with the median of the 
variable. For variables with half or more of the values 
missing, such as blood type, we deleted the entire series 
of values in subsequent analyses. Continuous variables 
are expressed as the means and standard deviations in 
parentheses, whereas categorical variables are repre-
sented by absolute numbers and percentages. For compar-
isons between groups of normally distributed metric data, 
the two-independent samples t-test was used; for nonnor-
mally distributed metric data, nonparametric tests were 
applied; and for comparisons between groups of count 
data, the chi-square test was utilized. The risk factors 
associated with mortality in colorectal perforation were 
identified based on univariate analysis, and multivariate 
logistic regression analysis was employed to pinpoint the 
independent risk factors that contribute to mortality in 
patients undergoing treatment for colorectal perforation. 
Using LASSO regression, a tuning parameter λ is intro-
duced, which forces some unimportant coefficients to 
zero, thereby automatically selecting important features. 
A nomogram was plotted to develop a forecasting model, 
and the data from the validation cohort were evaluated via 
the area under the receiver operating characteristic (ROC) 
curve (AUC) to assess the model's predictive accuracy. 
Goodness-of-fit tests assess the overall fit of the model, 
while clinical net benefit evaluations assess its clinical 
effectiveness. This study followed the TRIPOD reporting 
guidelines. All statistical analyses were conducted using 
SPSS (version 26.0).

Results

The research involved a sample of 173 patients, categorized 
into two distinct cohorts. An analysis of the demographic 
and clinical characteristics across these cohorts showed no 
significant differences in terms of age, onset time, sex, ASA 
classification, or perforation site (P > 0.05). Postoperative 
death rates were nearly identical between the training cohort 
(23.08%) and the validation cohort (23.19%). Table 1 sum-
marizes the demographic and clinical characteristics of the 
two cohorts.

The study of perforation sites and causes in patients 
revealed that left-sided perforations were the most common, 
accounting for 79.81% of cases, with sigmoid colon perfora-
tions being the most common at 58.65%, followed by rectal 
perforations at 15.38%. Perforation etiologies can be broadly 
classified into two primary types: traumatic and nontrau-
matic. Traumatic perforations often result from external inju-
ries, intra-abdominal foreign bodies rupturing the intestinal 
wall, and iatrogenic injuries (such as endoscopic procedures, 
stent placements, and gastrointestinal contrast studies). Non-
traumatic perforations are more commonly associated with 
colorectal tumor perforations, diverticula, fecalith obstruc-
tion perforations, inflammatory bowel disease perforations 
such as ulcerative colitis, Crohn's disease, localized ischemic 
necrosis perforations, and those caused by parasites. In our 
study, inflammation (42 cases, 40.38%) and tumors (24 cases, 
23.08%) were the most common causes. Inflammatory perfo-
ration had a mortality rate of 26.19%, whereas tumor-related 
perforation had a rate of 29.17%, with no significant differ-
ence in mortality among different causes. Table 2 details the 
distribution of perforation sites, causes, and associated mor-
tality in the training cohort.

Table 1   Demographic and 
clinical data comparison in two 
cohorts

Data are presented as means ± standard deviations or as n (%).

Total
(N = 173)

Training cohort
(N = 104)

Validation cohort
(N = 69)

P

Age, years 66.75 ± 14.81 66.19 ± 16.22 67.61 ± 12.49 0.635
Time of onset, hours 65.36 ± 90.14 66.81 ± 91.08 63.12 ± 89.76 0.710
Sex, n(%)
Male 93 (53.76) 56 (53.85) 37 (53.62) 0.403
Female 80 (46.24) 48 (46.15) 32 (46.38)
ASA classification, n(%)
 ≥ 3 grade 77 (44.51) 44 (42.31) 33 (47.83) 0.727
 < 3 grade 96 (55.49) 60(57.69) 36 (52.17)
Perforation site, n(%)
Left 138 (79.77) 83(79.81) 55 (79.71) 0.101
Right 35 (20.23) 21(20.19) 14(20.29)
Mortality, n(%) 40 (23.12) 24(23.08) 16 (23.19) 0.798
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This study examined the preoperative clinical data and 
postoperative mortality rates of patients in the training 
cohort, with 24 deaths and a postoperative mortality rate 
of 23.08%. The median age within the patient cohort was 
66.19 ± 16.22 years. Additionally, the mean age of the mor-
tality group (75.79 ± 10.06) was significantly greater than 
that of the survivor group (64.04 ± 14.98). The mortality 
rate for perforations in the left colon (from the descend-
ing colon to the rectum) was 87.5%, which was higher than 
that for those in the right colon (from the ileocecal junction 
to the transverse colon) at 12.5%, however, the difference 
lacked statistical significance. Additionally, no correlation 
existed between sex, time of onset, operation time, perfora-
tion disease, type of perforation, or mortality rate (P > 0.05), 
whereas age, ASA classification, shock index (SI), and pre-
operative CT radiomics scores were statistically significant 
(P < 0.05), as shown in Table 3.

When comparing the laboratory data between the mortal-
ity and survivor groups, we observed no statistically signifi-
cant differences in the mortality rates for serum albumin, 
CI⁻, TBil, or CRP (Table 4). The WBC count, N count, L 
count, Na⁺, creatinine, and PCT were correlated with mor-
tality (P < 0.05). The cutoff values revealed that a patient 
age of ≥ 75 years, ASA classification of ≥ 3, WBC count 
of ≥ 4.52, neutrophil count of ≥ 6.33, and lymphocyte count 
of ≥ 0.55 were significantly associated with mortality.

In the univariate analysis, we identified ten statistically 
significant indicators, which were then included in the multi-
variate logistic regression analysis. Table 5 shows the results 
of the analysis, where age ≥ 75 years (OR = 10.27, 95% CI: 
1.02–103.02), ASA classification ≥ 3 (OR = 15.96, 95% CI: 
1.11–229.63), PCT (OR = 1.02, 95% CI: 1.01–1.04), and 
Rad-score (OR = 5.93, 95% CI: 1.01–34.85) were risk fac-
tors for mortality in patients with colorectal perforation (all 
P values < 0.05).

A nomogram (Fig. 3) was constructed on the basis of four 
factors, namely, age ≥ 75 years, ASA classification ≥ 3, PCT 
level, and Rad-score, to estimate the likelihood of mortal-
ity in patients with colorectal perforation. We selected two 
cases of perforation patients from Xiaogan Central Hospi-
tal in 2024 between November and December (samples out 
of this study), a patient with colorectal perforation, aged 
62 years, with an ASA classification of 3 and a PCT value of 
0.17, and a rad-score of 0, corresponding to a total score of 
112.5 on the nomogram, which corresponds to a death risk 
probability of less than 0.1 for the patient. This patient was 
discharged 10 days after the operation. Another patient, aged 
85 years, had an ASA classification of 3, a PCT value of 50, 
and a rad-score of 2.4. These factors corresponded to a total 
score of 214.4 on the nomogram, which corresponds to an 
approximate death risk probability of 0.8 for the patient. The 
patient died two days after the operation.

Table 2   Perforation site, cause, 
and mortality comparison in the 
training cohort

Data are presented as n (%).

Total
(N = 104)

Mortality
(N = 24)

Survivor
(N = 80)

P

Perforation site, n(%)
Left 83 (79.81) 21 (87.50) 62 (77.50) 0.435
Right 21 (20.19) 3 (12.50) 18 (22.50)
Perforated intestinal Segment,n(%)
Sigmoid 61 (58.65) 15 (62.50) 46 (57.50) 0.663
Rectum 16 (15.38) 5 (20.83) 11 (13.75)
Ascending colon 9 (8.65) 1 (4.17) 8 (10.00)
Descending colon 6 (5.77) 1 (4.17) 5 (6.25)
Transverse colon 6 (5.77) 1 (4.17) 5 (6.25)
Cecum 6 (5.77) 1 (4.17) 5 (6.25)
Perforation cause, n(%)
Inflammation 42 (40.38) 11 (45.83) 31 (38.75) 0.975
Tumor 24 (23.08) 7 (29.17) 17 (21.25)
Diverticulitis 11 (10.58) 2 (8.33) 9 (11.25)
Unknown 12 (11.54) 4 (16.67) 8 (10.00)
Iatrogenic injury 6(5.77) 0 (0.00) 6(7.50)
Foreign body 4 (3.85) 0 (0.00) 4 (5.00)
Mortality, n(%)
Inflammation 42 11(26.19)
Tumor 24 7 (29.17)
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The effectiveness of the RCCCN model in making predic-
tions was evaluated via the receiver operating characteristic 
(ROC) curve. An area under the curve (AUC) of 0.5 sug-
gests that the model lacks discriminative capability, whereas 
an AUC of 1.0 indicates a perfect test with both sensitivity 
and specificity at 100%. Generally, AUC values exceeding 
0.8 are regarded as indicative of strong discriminative abil-
ity. This model had an AUC of 0.92 (95% CI: 0.84–0.99), 
a sensitivity of 0.88 (95% CI: 0.80–0.97), a specificity of 
0.88 (95% CI: 0.71–1.00), and an accuracy of 0.88 (95% 
CI: 0.78–0.95) (Fig. 4). Model calibration refers to its abil-
ity to accurately predict the outcome variable across patient 
subgroups. We used this calibration plot to assess the accu-
racy of the nomogram for colorectal perforation mortality 
risk. Figure 5 shows the relationship between observed and 
predicted mortality rates, indicating the model's effective-
ness in accurately predicting the risk of patient mortality. 
The Hosmer‒Lemeshow chi-square test yielded a non-
significant result for the nomogram (3.15, P = 0.924), sug-
gesting no substantial difference between the observed and 
anticipated case numbers. The predicted mortality rates are 
on the x-axis, while the actual observed outcomes are plot-
ted along the y-axis. The calibration curve shows that the 

predicted probabilities are essentially consistent with the 
observed probabilities, indicating that the model has a good 
fit (a perfect prediction would be along a straight line at a 
45° angle to each axis).

The clinical usefulness of the prediction model was evalu-
ated using decision curve analysis (Fig. 6). Results indicate 
that when the probability exceeds the 2% threshold, the 
net benefit of the prediction model is greater than that of 

Table 3   Comparison of preoperative clinical indicators between sur-
vival and mortality in the colorectal perforation training cohort

Data are presented as n, or the mean ± standard deviation, *p < 0.05.

Survivor
(N = 80)

Mortality
(N = 24)

P

Gender
Male 42 14 0.616
Female 38 10
Age, years
 ≥ 75 12 20  < 0.001*

 < 75 68 4
ASA classification
 ≥ 3 Grade 21 23  < 0.001*

 < 3 Grade 59 1
Location
Left 62 21 0.292
Right 18 3
Disease
Malignant 63 17 0.059
Benign 17 7
Type of perforation
Free intraperitoneal 48 14 0.247
In the mesentery 32 10
Time of onset, hours 75.24 ± 96.33 32.42 ± 55.20 0.061
Operation time, hours 3.06 ± 1.10 3.18 ± 0.94 0.629
Shock index 0.80 ± 0.25 0.98 ± 0.45 0.021*

Rad-score 0.28 ± 2.51 2.07 ± 2.04  < 0.001*

Table 4   Univariate analysis of laboratory test results for 104 patients 
in the training cohort

WBC white blood cell count, N neutrophil count, L lymphocyte 
count, ALB albumin, TBil total bilirubin, Cr creatinine, CRP C-reac-
tive protein, PCT procalcitonin, OR odds ratio; *p < 0.05.

Survivor
(N = 80)

Mortality
(N = 24)

OR (95% CI) P

WBC 61 8 0.17 
(0.06 ~ 0.45)

 < 0.001*

N 46 5 0.19 
(0.07 ~ 0.57)

0.003*

L 51 3 0.08 
(0.02 ~ 0.29)

 < 0.001*

ALB 18 5 0.94 
(0.31 ~ 2.89)

0.916

Na+ 139.51 ± 3.99 142.09 ± 4.14 1.18 
(1.04 ~ 1.35)

0.012*

Cl− 102.59 ± 5.04 104.50 ± 4.47 1.08 
(0.98 ~ 1.20)

0.120

TBil 16.19 ± 10.71 21.80 ± 14.43 1.04 
(1.00 ~ 1.08)

0.056

Cr 97.94 ± 56.25 134.21 ± 71.21 1.01 
(1.01 ~ 1.02)

0.001*

CRP 116.31 ± 107.55 104.47 ± 106.63 1.00 
(0.99 ~ 1.00)

0.633

PCT 10.98 ± 27.94 65.78 ± 74.94 1.02 
(1.01 ~ 1.04)

0.010*

Table 5   A multivariate logistic regression model was utilized to eval-
uate the risk factors associated with mortality in individuals suffering 
from colorectal perforation

* p < 0.05

OR 95% CI P

Age 10.27 1.02 ~ 103.02 0.031*

ASA 15.96 1.11 ~ 229.63 0.042*

WBC 1.13 0.08 ~ 16.22 0.927
N 0.27 0.01 ~ 5.51 0.393
L 0.75 0.09 ~ 6.07 0.789
SI 0.16 0.00 ~ 6.98 0.344
Na+ 1.13 0.88 ~ 1.46 0.337
Cr 1.01 0.99 ~ 1.02 0.389
PCT 1.02 1.01 ~ 1.04 0.044*

Rad-score 5.93 1.01 ~ 34.85 0.039*
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the other two lines, suggesting that the model has practical 
value. When the red curve is very close to or overlaps with 
the 'All' and 'None' lines, which represent extreme scenarios, 
the model may have lower application value.

Discussion

Colorectal perforation has a poor prognosis, with the 
majority of patients ultimately dying from severe septic 
shock due to fecal peritonitis. Despite advances in post-
operative management, predicting mortality via readily 
available preoperative parameters remains crucial. Pre-
dicting postoperative mortality via readily accessible 
clinical data preoperatively is highly significant, both for 

clarifying postoperative risks to patients' families and for 
the management of such patients postoperatively. We dis-
covered four key clinical indicators during the periopera-
tive period that correlate with death rates after colorec-
tal perforation. In our model, three indicators are readily 
available from routine preoperative tests without the need 
for additional examinations, which enhances the practi-
cality of the model in clinical settings. A new predictive 
tool based on four significant risk factors is suggested 
due to its strong accuracy in forecasting mortality in our 
study. Several predictive factors have been suggested for 
predicting postoperative outcomes in colorectal perfora-
tion patients. Sumi et al. reported that age is an important 
prognostic factor, possibly because organ function gener-
ally decreases in elderly patients [[24]]. This aligns with 
our finding that age ≥ 75 years is a significant predictor 
of mortality. Matsuoka et al. reported that plasma albu-
min levels and decreased platelet counts are significant 

Fig. 3   Flowchart of CT image 
acquisition and model construc-
tion

Fig. 4   The nomogram's predictive accuracy was evaluated via the 
ROC curve in the validation cohort

Fig. 5   Hosmer‒Lemeshow calibration plot
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predictors of short-term mortality [[25]]. In contrast, our 
study found that procalcitonin (PCT) levels and radiom-
ics scores were independently associated with mortality. 
These differences may be attributed to variations in study 
populations and the inclusion of radiomics features in our 
model, which were not considered in previous studies.

When intestinal perforation occurs, the integrity of the 
intestinal wall is compromised, resulting in the leakage of 
fluids into the abdominal cavity. Furthermore, the contents 
or bacteria from the perforated intestine can induce acute 
peritonitis and abdominal infection, which in turn lead to the 
formation of inflammatory exudate and ascites. Drakopoulos 
et al. reported that CT can be used to assess the site of per-
foration effectively [[26]]. We identified ascites in 68 out of 
the 104 cases reviewed (65.4%), most of which were located 
next to the pelvic floor, similar to the results published by 
Drakopoulos et al. Additionally, univariate and multivari-
ate analyses revealed that radiomics scores based on CT 
fluid accumulation characteristics are potential prognostic 
predictors. In this study, we utilized 3D Slicer software for 
the segmentation and 3D reconstruction of medical images, 
enabling precise analysis of anatomical structures. Currently, 
3D Slicer is being used in an increasing number of studies 
to assist in constructing and validating prognostic models 
on the basis of radiomic features. Tang et al. utilized 3D 
Slicer and the least absolute shrinkage and selection operator 
(LASSO) algorithm for radiomic texture feature selection, 
constructing a model based on clinical risk characteristics 
and CT imaging to predict lymph node metastasis (LNM) 
and prognosis in patients with duodenal papillary carcinoma 
(DPC) [[27]]. Margaux et al. used 3D Slicer software to seg-
ment the preoperative CT images of patients with pancre-
atic neuroendocrine tumors to identify the region of interest 
(ROI). Radiomic features were subsequently extracted from 

these three-dimensional images to construct a model for pre-
dicting disease-free survival (DFS) [[28]].

These scoring systems enable objective and methodical 
assessments of the seriousness of colorectal perforation, and 
several past studies have evaluated systems such as POS-
SUM, P-POSSUM, SOFA, APACHE II, MPI, and ASA, 
for predicting the prognosis of patients undergoing surgery 
for colorectal perforation. Nakamura et al. Reported that 
the SOFA and POSSUM scores are significant markers of 
mortality according to univariate analysis [[29]]. The Acute 
Physiology and Chronic Health Evaluation II (APACHE II) 
is the most widely used severity of illness scoring system in 
intensive care units (ICUs) worldwide. Multivariate analysis 
revealed that score as an independent prognostic indicator 
for mortality, as reported by Ishikawa et al. They combined 
3D-based dirty mass volume reconstruction with APACHE 
II scores to stratify the risk of death rates after colorectal 
perforation surgery [[30]]. However, it is not currently used 
alone to predict the prognosis of patients with colorectal 
perforation, and the data required are numerous and not eas-
ily obtainable. The Mannheim peritonitis index (MPI) can 
be used to predict the risk of mortality from peritonitis of 
any cause. It is easy to calculate and has high sensitivity 
and specificity. The MPI index primarily reflects the cur-
rent severity of peritonitis and does not include factors such 
as age or comorbidities such as cardiovascular diseases. 
According to prospective research by Jobin et al., the inte-
gration of the MPI with 24-h lactate values emerges as the 
premier indicator for forecasting mortality in cases of per-
foration peritonitis [[31]].

In our study, a nomogram model was developed using 
four simple variables: age, ASA classification, PCT, and 
the radiomics score. In the nomogram, the impact of each 
variable on the death rate among patients with colorectal 

Fig.6   Clinical decision curve 
for the mortality risk nomo-
gram model in patients with 
colorectal perforation. (The 
x-axis indicates the threshold 
probability, while the y-axis 
shows the net benefit.)
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perforation is reflected by the points corresponding to their 
respective coordinates; the points for each factor are added 
together to produce the model's total score. By referring to 
the total score, one can determine the probability of death for 
a perforated patient, which represents the risk of mortality 
for that individual. Before being applied clinically, the asso-
ciations of radiomic and clinical characteristic scores with 
mortality must be validated and confirmed for reproducibil-
ity in broader center data collections. Further prospective 
studies are needed to identify the most suitable therapy plan. 
Future research should focus on validating the predictive 
model in diverse populations to assess its generalizability. 
Additionally, exploring the impact of specific interventions 
based on the risk stratification provided by the nomogram 
could offer valuable insights into improving patient out-
comes. Further studies could also investigate the potential 
integration of additional radiomic features or clinical param-
eters to further enhance model performance.

A constraint in our research is the modest number of par-
ticipants, potentially impacting the broader applicability of 
our results. A limitation of our analysis is the reliance on 
self-reported data, which is subject to recall bias and may 
not accurately reflect actual behavior. During the data pro-
cessing, we used the median imputation method for individ-
ual missing values. This method is simple but may not cap-
ture the variability in the data. The long recruitment period 
may have introduced variability in patient management and 
treatment approaches over time, affecting the consistency 
of our results. Future studies with larger sample sizes and 
more centers are needed to confirm our preliminary findings 
and to further explore the relationships among the variables 
of interest.

Conclusions

The results of this study show that the combination of radi-
omic scores and clinical characteristics serves as a reli-
able predictor of postoperative mortality in patients with 
colorectal perforation. This model is applicable not only to 
the cohort from which it was developed but also to similar 
patients from different geographical locations over different 
time periods.
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