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Background: Enterostomy is a common surgical procedure for treating acute 
abdomen in infants. However, the associated complication incidence is high, 
which significantly impacts infants’ recovery. This study aimed to identify risk 
factors of short-term complications and develop a prediction model in infants 
with enterostomy.

Methods: We retrospectively analyzed the clinical data of infants who underwent 
enterostomy at Sichuan University West China Second Hospital from November 
2021 to June 2024. Multifactorial logistic regression analysis was used to screen 
the risk factors for postoperative complications related to enterostomy in 
infants, and R software was applied to develop a nomogram prediction model. 
The accuracy and clinical utility of the prediction model were verified by the 
receiver operating characteristic (ROC) curve, calibration curve, and decision 
curve analysis (DCA).

Results: A total of 155 infants were included in this study, with 61 cases (39.35%) 
in the complication group and 94 cases (60.65%) in the non-complication 
group. Multifactorial logistic regression analysis showed that smaller weight at 
surgery (OR = 0.999, 95% CI: 0.999 ~ 1.000, p = 0.044), small intestine stoma 
(OR = 6.405, 95% CI: 1.647 ~ 24.916, p = 0.007), and prolonged duration 
of postoperative high-level C-reactive protein (CRP) (OR = 1.081, 95% CI: 
1.001 ~ 1.167, p = 0.048) were independent risk factors for complications 
related to enterostomy in infants. The area under the curve (AUC) of the risk 
prediction model was 0.784 (95% CI: 0.712 ~ 0.857), and the goodness-of-fit 
test value of the Hosmer-Lemeshow was 0.604, higher than 0.05, indicating that 
the regression model had a significant fitting effect. The calibration curves and 
DCA demonstrated high predictive value and clinical efficiency.

Conclusion: The smaller weight at surgery, small intestine stoma, and longer 
duration of postoperative high-level CRP may be  used to identify the risk of 
short-term complications after enterostomy. This prediction model is provided 
for medical staff to evaluate complication-associated risk and take measures for 
those infants at risk.
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1 Introduction

Temporary enterostomy serves as a crucial surgical procedure for 
treating neonatal surgical diseases such as necrotizing enterocolitis 
(NEC) (1), Hirschsprung disease (2), congenital anal atresia (3), and 
intestinal obstruction (4). Unlike permanent stomas in adults, infant 
enterostomies are primarily temporary therapeutic measures, with 
stoma reversal generally performed 5–22 weeks after enterostomy 
formation (5, 6). Although enterostomy can significantly reduce 
perioperative mortality, its high complication rate (17–68%) remains 
a severe challenge (3, 7, 8). Owing to the immature immune system 
and underdeveloped skin barrier function in infants, over 50% of 
cases experience two or more complications, primarily including 
peristomal dermatitis, stoma prolapse, stoma necrosis, and 
mucocutaneous separation. These complications mostly occur 
between 21 and 40  days postoperatively (9–12). Among them, 
peristomal dermatitis is the most common complication, with an 
incidence of 34.04% (13).

Studies have shown that enterostomy-related complications not 
only significantly increase the risk of infection and prolong 
hospitalization, but in severe cases, may lead to reoperation or delayed 
stoma reversal (14–16). More worryingly, increased evidence suggests 
that enterostomy-related complications are correlated with development 
retardation in infants (17). A study reported that among infants who 
underwent enterostomy due to NEC, 89% experienced growth 
retardation, and 42% met the criteria for severe underweight at the time 
of stoma closure (1). This might be associated with fluid and electrolyte 
losses caused by stoma-related complications. Therefore, it is crucial to 
accurately identify the risk factors for enterostomy-related complications 
and implement targeted interventions for high-risk infants.

Although some studies have explored the risk factors for 
enterostomy-related complications in infants, the relevant evidence has 
significant limitations and controversies. Firstly, the risk factors 
reported in different studies are inconsistent, with a lack of consensus. 
Some studies have indicated that younger gestational age, smaller 
weight at surgery, and shorter stoma duration are potential risk factors 
for enterostomy-related complications in infants (18, 19). However, 
other studies have reported that the type of primary disease type (12), 
emergency surgery (20), and the stoma site (21) are significantly 
correlated with enterostomy-related complications in infants. Secondly, 
the research variables lack comprehensiveness. They are mostly 
confined to a few baseline characteristics variables (such as gestational 
age and birth weight), and lack systematic integrated analysis of 
perioperative indicators (such as stoma site and stoma type) and 
dynamic biomarkers (such as CRP trends). Finally, the sample sizes of 
existing studies are generally small (n < 100), leading to imprecise 
estimation of effect sizes. Most of the analytical methods stay at 
univariate analysis or logistic regression without adjusting for 
confounding factors, failing to construct comprehensive predictive 
models with clinical practical value. These deficiencies result in its 
insufficient clinical applicability. To systematically address these 
limitations and enhance the predictive ability, this study will use a 
large-scale, high-quality dataset, adopt a strict variable screening 

process, widely include potential predictive variables indicated by 
literature reports and clinical experience, and construct and validate a 
prediction model for enterostomy-related complications in infants. To 
identify high-risk infants early and implement targeted interventions, 
such as dynamically monitoring CRP levels to guide anti-inflammatory 
management and regulate excessive inflammatory responses, initiating 
enhanced nursing protocols in advance (e.g., hydrocolloid dressings for 
protective measures) to reduce the risk of skin damage, and formulating 
individualized nutritional support strategies to optimize nutrient and 
electrolyte supplementation, thereby enhancing the infants’ resistance. 
Thereby realizing the transformation from “empirical care” to “data-
driven precision intervention,” and ultimately reducing the incidence 
of complications, minimizing reoperation, shortening the ostomy 
reversal time, and improving the growth and development outcomes.

2 Methods

2.1 Study population

Infants who underwent enterostomy for a variety of 
gastrointestinal and other abdominal conditions from November 2021 
to June 2024 were retrospectively included as study subjects. The 
inclusion criteria were as follows: (1) infants who underwent 
enterostomy; (2) age <1 year. The exclusion criteria were: (1) 
complicated with other serious diseases such as congenital heart 
disease and persistent pulmonary hypertension of the newborn; (2) 
the discharge outcome is unknown; (3) automatic discharge without 
completing the treatment process; (4) incomplete medical records. 
This study was performed in line with the principles of the Declaration 
of Helsinki. Approval was granted by the Ethics Committee of the 
Sichuan University West China Second Hospital [YXKY(2024332)]. 
All data were encoded and used anonymously in this study.

2.2 Sample size calculation

The sample size was estimated using the events per variable (EPV) 
method (22), a widely accepted method in statistical analyses. In our 
study, the incidence of enterostomy-related complications was 39.35%, 
and we  intended to include 3 predictor variables for model 
development. The EPV was set at 20 to ensure model stability and 
statistical power. The required sample size was calculated via the 
following formula:

 
( ) ( )Number of Variables EPVSample Size 3 20 / 39.35% 153

Incidence Rate
×

= = × =

2.3 Data collection

The following data were collected via the electronic medical 
record system, (1) Baseline characteristics including gender, 
gestational age, birth weight, and delivery mode. (2) Preoperative data 
including age and weight at surgery, primary disease type, complicated 
disease, emergency surgery or not, preoperative antibiotics, 
preoperative total protein value, preoperative prealbumin value, 

Abbreviations: ROC, receiver operating characteristic; DCA, decision curve analysis; 

CRP, C-reactive protein; AUC, area under the curve; NICU, neonatal intensive care 

unit; VIF, variance inflation factor; NEC, necrotizing enterocolitis.
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preoperative CRP value and preoperative platelets count. (3) Surgery 
data including stoma site, stoma type, surgical modality, surgical 
duration, and intestinal tube resection or not. (4) Postoperative data 
including feeding initiation time, time to achieve full enteral nutrition, 
postoperative total protein value, postoperative prealbumin value, 
postoperative CRP value, postoperative platelet count, postoperative 
peak CRP value, duration of postoperative high-level CRP, blood 
transfusion or not, and length of stay in neonatal intensive care unit 
(NICU). The dataset of our study is complete, with no missing values 
requiring imputation or exclusion.

2.4 Variable definitions

Surgeons and enterostomal therapists collaboratively conduct 
standardized assessment of enterostomy-related complications using 
validated evaluation tools, such as the DET scale, Criteria of 
enterostomy complications: classification and grading (2023 edition). 
These complications include peristomal dermatitis, mucocutaneous 
separation, stoma prolapse, stoma retraction, stoma depression, stoma 
stenosis, parastomal hernia, stoma edema, stoma bleeding, parastomal 
fistula, stoma necrosis, and high-output stoma. In this study, stoma-
related complications were defined as the independent occurrence or 
combined presence of these complications (23). Primary disease refer 
to conditions characterized by intestinal structural abnormalities or 
severe functional disorders that necessitate enterostomy to establish 
an abdominal excretory pathway. Based on the presence or absence of 
concurrent infection, they are categorized into Infectious diseases 
(e.g., NEC) and non-infectious diseases (e.g., Hirschsprung’s disease, 
anal atresia). Complicated disease refer to pre-existing other diseases 
in neonates prior to enterostomy, including neonatal pneumonia, 
neonatal respiratory distress syndrome, neonatal sepsis, neonatal 
anemia, neonatal hyperbilirubinemia, patent ductus arteriosus, etc. 
Surgical modality were classified as laparotomy and laparoscope 
surgery based on the extent of surgical trauma and access technique. 
Stoma type were classified as single-lumen stomas and double-lumen 
stomas based on whether the bowel is divided and the number of 
openings. CRP is the most sensitive indicator for the ancillary 
diagnosis of inflammatory diseases and is typically below 10 mg/L, 
therefore CRP > 10 mg/L was considered to be  abnormal in this 
study (24).

2.5 Statistical analysis

The statistical analyses were performed using SPSS software 
(version 26.0; IBM SPSS, Inc., Armonk, NY) and R software (version 
4.2.1; R Foundation for Statistical Computing, Vienna, Austria). The 
normal distribution variables were expressed as the mean ± SD, and 
tested by student’s t-test. The skewed distribution variables were 
expressed as the median and Inter-Quartile Range, and tested by the 
Mann–Whitney U test. Categorical variables were presented as 
percentages, and tested by the chi-squared test or Fisher’s exact test. 
The variance inflation factor (VIF) was used to diagnose the 
multicollinearity of independent variables, and the collinearity 
indicator (VIF > 10) was excluded. Then, the variables with statistical 
significance (p < 0.05) in the univariate analysis were included in the 
logistic regression to analyze the risk factors of postoperative 

complications related to enterostomy in infants and construct a 
nomogram prediction model. The cor() function from the “stats” 
package in R software (version 4.4.3; R Foundation for Statistical 
Computing, Vienna, Austria) was used to perform correlation analysis 
on the independent variables, which allows for the selection of either 
Pearson or Spearman methods depending on the data characteristics 
and research question. The resulting coefficients were then visualized 
using heatmaps, enabling customizable and intuitive graphical 
representations of the relationships. The Bootstrap repeated sampling 
method (B = 2000) was adopted to conduct internal validation of the 
prediction model, so as to evaluate the robustness of the model 
parameters and the generalizability of the prediction performance. 
The predictive performance was evaluated by the C index, calibration 
curve, area under the ROC curve, and Hosmer-Lemeshow goodness 
of fit test. The clinical application value was evaluated by DCA, and 
p < 0.05 was considered statistically significant.

3 Results

3.1 General characteristics

This study included a total of 155 infants who underwent 
enterostomy (Figure  1), consisting of 90 males (58.06%) and 65 
females (41.94%). The mean gestational age at birth was 
36.33 ± 0.29 weeks, and the mean birth weight was 2582.76 ± 69.36 g. 
The infants were divided into the complication group (n = 61) and the 
non-complication group (n  = 94), the incidence of enterostomy-
related complications was 39.35% (Figure 2). The descriptive analysis 
of the study population is presented in Table 1.

3.2 Correlation heatmap of the predictor 
variables

The correlation matrix of variables can be used to illustrate the 
relationships between various predictor variables. The darker the color 
of the matrix, the stronger the correlation between variables, with the 
deep blue and red areas representing strong negative and positive 
correlations. The correlation matrix in this study predominantly consists 
of light-colored cells, indicating that the interactions between variables 
are relatively weak (as shown in Figure 3). For example, there was a 
strong positive correlation between time to achieve full enteral nutrition 
and length of stay in NICU, indicating that prolonged NICU stays were 
associated with slower establishment of enteral nutrition. Similarly, birth 
weight showed a strong positive correlation with weight at surgery, 
indicating that infants with higher birth weights tended to maintain 
greater body mass during surgical interventions. These patterns highlight 
how the study variables are interconnected and influence each other, 
reinforcing the need to factor in these relationships during our analysis.

3.3 Univariate analysis

In the univariate analysis, the primary disease type, gestational 
age, birth weight, weight at surgery, age at surgery, feeding initiation 
time, time to achieve full enteral nutrition, preoperative antibiotics, 
stoma site, stoma type, intestinal tube resection, preoperative total 

https://doi.org/10.3389/fpubh.2025.1566789
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zeng et al. 10.3389/fpubh.2025.1566789

Frontiers in Public Health 04 frontiersin.org

protein value, preoperative CRP value, postoperative platelet count, 
duration of postoperative high-level CRP, blood transfusion, and 
length of stay in NICU were all significantly correlated with a higher 
incidence of enterostomy-related complications (p < 0.05) (Table 1).

Collinearity assessment was performed on variables with 
statistical significance in univariate analysis. Results showed high 
multicollinearity between birth weight and weight at surgery 
(VIF > 10), while other variables demonstrated no significant 
multicollinearity (1.055 ≤ VIF ≤ 5.466). Therefore, birth weight 
(larger VIF value) was excluded in the Logistic regression analysis to 
enhance the accuracy of the model.

3.4 Multivariate analysis

The fifteen variables with p < 0.05 and VIF < 10 in the univariate 
analysis as well as the weight at surgery were taken as independent 
variables, and whether complications occurred after surgery was taken 
as the dependent variable for binary logistic regression analysis. In the 

multivariate analysis, with results reported as odds ratio (95% CI), 
weight at surgery (OR = 0.999, 95%CI: 0.999–1.000; p = 0.044), 
duration of postoperative high-level CRP (OR = 1.081, 95%CI: 1.001–
1.167; p = 0.048), and the stoma site (OR = 6.405, 95%CI: 1.647–
24.916; p = 0.007) were independently associated with the risk of 
complications after enterostomy in infants (Table 2).

3.5 Development of risk prediction model

Three statistically significant variables in logistic regression analysis 
were used to construct regression equations. Weight at surgery, duration 
of postoperative high-level CRP, and small intestinal stoma were 
represented by X1, X2, and X3, respectively. The regression equation was 
developed as follows: Logit (p) = 1.695–0.001*X1 + 0.077*X2 + 1.857*X3. 
The probability of complications decreased by 0.074% when the weight 
at surgery increased by 1 g, the probability of complications increased 
by 8.10% when the duration of postoperative high-level CRP increased 
by 1 day, and the probability of complications in infants with a small 

FIGURE 1

Study flow chart.
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intestinal stoma was 6.405 times higher than that in infants with a 
colonic stoma. The nomogram model was constructed using the above 
significant predictors, as shown in Figure  4. The C-index of this 
nomogram was 0.761 (95%CI: 0.686–0.836). When the weight at 
surgery decreased, the duration of postoperative high-level CRP 
increased, and the stoma site was the small intestine stoma, the risk 
score of the nomogram increased accordingly, indicating that the 
nomogram can accurately predict the risk of enterostomy complications.

3.6 Evaluation of the prediction model

This study retrospectively analyzed the clinical data of infants with 
enterostomy, established a nomogram model for predicting the risk of 
complications, and verified the accuracy of the prediction model 
through various methods. The Bootstrap method with 2000 
resampling iterations was used to evaluate the model’s discriminative 
ability and calibration. The results showed that the AUC was 0.784 
(95%CI: 0.712–0.857), the Youden index was 0.433, the sensitivity was 
65.60%, and the specificity was 77.70%, indicating that the model had 
good predictive performance (Figure 5A). The bias-corrected curve 
approached the ideal curve, and the Hosmer-Lemeshow test showed 
no statistically significant difference between the actual risk and the 
predicted risk of the model (χ2 = 6.389, p = 0.604), suggesting that the 
model had a good fitting effect (Figure 5B). Furthermore, The DCA 
showed that the nomogram had better potential for clinical application 
when the threshold probability was 0.05–0.93 (Figure 5C).

4 Discussion

Temporary stoma formation is a crucial means of surgical treatment 
for a variety of intestinal diseases in infants, playing a crucial role in 

saving lives and contributing to the cure of the disease (25). Despite 
advancements in surgical techniques and perioperative management, 
with the incidence of complications decreasing from 42.47% ~ 68.00% 
and then to 17.28% ~ 59.49%, complication incidence still remains at a 
relatively high level (7, 8, 13, 18). The overall incidence of postoperative 
complications in this study was 39.35% and peristomal dermatitis was 
found to be  the most common complication, with an incidence of 
19.35%. The results were consistent with other reported data worldwide 
(26). Through multivariate logistic regression analysis, we  finally 
identified that the weight at surgery, stoma site, and the duration of 
postoperative high-level CRP were the most key predictors. Based on 
these factors, we developed a nomogram model to predict enterostomy-
related complications in infants at an early stage. To our knowledge, this 
is the first prediction model established for enterostomy-related 
complications in infants.

Regarding the weight at surgery, this study found that the greater 
the weight at surgery, the lower the risk of complications in infants 
(OR = 0.999, 95%CI: 0.999 ~ 1.000, p = 0.044), which is consistent with 
the research results of Aguayo et al. (18) (p = 0.024) and Lee et al. (19) 
(p = 0.014). Low-weight infants are underdeveloped, with relatively 
weak skin barrier function. They are more vulnerable to the invasion of 
various pathogenic microorganisms, which significantly increases the 
risks of postoperative complications (27). Notably, although some 
studies have shown that low birth weight is also a risk factor for 
enterostomy-related complications in infants (28, 29), our study did not 
find a significant association between them (p > 0.05). Further analysis 
revealed that although weight is an important indicator reflecting the 
growth and immune system maturation of infants, due to disease-
specific characteristics and clinical constraints, not all diseases are 
suitable for immediate surgical treatment during initial stages. This 
temporal discrepancy leads to significant discrepancy between the 
weight at surgery and the birth weight. Therefore, compared with the 
birth weight, which is a static indicator, the weight at surgery can more 

FIGURE 2

Pie chart of enterostomy-related complications in infants.
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TABLE 1 Descriptive analysis of the study populations and univariate analysis.

Variable Complication group 
(n = 61)

Non-complication 
group (n = 94)

Statistical value p value

Primary disease type [n (%)] χ2 = 7.260 0.007

  Infectious diseases 16 (26.23%) 45(47.87%)

  Non-infectious diseases 45 (73.77%) 49(52.13%)

Complicated diseases [n (%)] χ2 = 3.524 0.06

  Yes 9 (14.75%) 26(27.66%)

  No 52 (85.25%) 68(72.34%)

Gender [n (%)] χ2 = 3.260 0.071

  Male 30 (49.18%) 60(63.83%)

  Female 31 (50.82%) 34(36.17%)

Gestational age [n (%)] χ2 = 5.438 0.02

  Preterm infant 37 (60.66%) 39(41.49%)

  Term infant 24 (39.34%) 55(58.51%)

Birth weight (g) 2300.00 (1530.00, 2950.00) 3017.50 (2152.50, 3355.00) Z = −3.672 <0.001

Delivery mode [n (%)] Z = 0.106 0.745

  Vaginal delivery 21 (34.43%) 30 (31.91%)

  Cesarean delivery 40 (65.57%) 64 (68.09%)

Weight at surgery (g) 2512.62 ± 94.90 2964.36 ± 83.99 T = 3.494 0.001

Age at surgery (d) 16.00 (4.00, 31.50) 6.00 (2.20, 25.00) Z = −2.015 0.044

Feeding initiation time (d) 5.00 (3.50, 7.00) 4.00 (2.75, 6.00) Z = −1.971 0.049

Time to achieve full enteral nutrition 

(d)
24.00 (15.00, 40.00) 17.00 (13.00, 26.00) Z = −2.880 0.004

Preoperative antibiotics [n (%)] Fisher’s exact test 0.024

  Unrestricted-use grade 2 (3.28%) 3 (3.19%)

  Restricted-use grade 34 (55.74%) 71 (75.53%)

  Special-use grade 25 (40.98%) 20 (21.28%)

Emergency surgery [n (%)] χ2 = 0.058 0.810

  Yes 28 (45.90%) 45 (47.87%)

  No 33 (54.10%) 49 (52.13%)

Stoma site [n (%)] χ2 = 17.028 <0.001

  Colonic stoma 6 (9.84%) 38 (40.43%)

  Small intestine stoma 55 (90.16%) 56 (59.57%)

Stoma type [n (%)] χ2 = 9.017 0.003

  Single-lumen 26 (42.62%) 19 (20.21%)

  Double-lumen 35 (57.38%) 75 (79.79%)

Intestinal tube resection [n (%)] χ2 = 3.875 0.049

  Yes 24 (39.34%) 23 (24.47%)

  No 37 (60.66%) 71 (75.53%)

Surgical modality [n (%)] Fisher’s exact test 0.765

  Laparotomy 57 (93.44%) 86 (91.49%)

  Laparoscope 4 (6.56%) 8 (8.51%)

Surgical duration (min) 55.00 (47.00, 80.00) 59.00 (45.00, 90.00) Z = −0.548 0.584

Preoperative total protein value (g/L) 46.20 (39.95, 52.60) 50.20 (45.45, 54.53) Z = −2.723 0.006

Preoperative prealbumin value (g/L) 53.00 (32.00, 82.50) 59.00 (40.75, 80.00) Z = −1.352 0.176

Preoperative CRP value (mg/L) 14.20 (1.70, 49.30) 2.90 (0.50, 38.93) Z = −2.283 0.022

(Continued)
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dynamically reflect the physiological status of infants during the 
perioperative period.

The stoma at the small bowel was identified as the most significant 
risk factor for enterostomy-related complications in infants 
(OR = 6.405, 95%CI: 1.647–24.916, p = 0.007), and the complication 
incidence (49.55%) was significantly higher than that of colostomy 
(13.64%). Tan and Deogracias (3) also supported this result. Peristomal 
dermatitis was the most common complication after enterostomy in 
infants, and 90% of peristomal dermatitis was located in small bowel 
stoma cases, while colostomies cases were rare. This may be related to 
the fact that the small intestinal juice is rich in various digestive 
enzymes and has weakly alkaline properties. It can easily erode the 
peristomal skin, leading to skin redness, swelling, ulceration, erosion 
and other symptoms. In severe cases, the entire skin layer may even 
peel off (30). Steinhagen et al. (31) also pointed out that the excreta 
from small intestine stomas were highly corrosive, and prolonged 
maceration will damage the skin integrity around the stoma, which was 
more likely to induce infection.

The results also revealed that the incidence of stomas prolapse was 
second only to peristomal dermatitis (accounting for 29.51% of all cases 
with complications), and all cases of stoma prolapse occurred in infants 
with small intestinal stomas, which is comparable with the previously 
reported proportion of 19–42% in the literature (18, 25). Related studies 
have shown that both the small intestinal wall and the colonic wall are 
composed of the mucosa, submucosa, muscular layer, and serosa. 
However, the normally distended small intestinal wall (0.3 cm–0.5 cm) 
is thinner than the colonic wall (0.5 cm–0.8 cm), which may predispose 
to higher stoma prolapse risk (32). In addition, the small intestine is an 
intraperitoneal organ with greater mobility. When the intra-abdominal 
pressure increases due to an infant’s crying, the axial movement of the 
small intestine may also be a contributing factor to stoma prolapse (33). 
However, not all studies supported this conclusion. The colonic contents 
are a semi-solid material, and their movement speed is faster than the 
peristaltic waves of the ileum. Geng et  al. (34) suggested that this 
phenomenon makes poststomal colonic prolapse more likely to occur 
than ileal prolapse. Therefore, regarding the result of the higher 
incidence of small intestinal stoma prolapse, it still requires the support 
of high-quality literature evidence.

Furthermore, all cases of HOS also occurred in infants with small 
intestinal stomas, accounting for 4.92% of all cases with complications. 
Stoop et al. (35) hold that the small intestine is relatively rich in water 
content, when intestinal continuity is disrupted, a large amount of 
intestinal juice will be discharged through the stoma, thereby inducing 
high-output diarrhea. Another possible explanation is that the contents 
of the ileum are more concentrated and more easily diluted than those 
of the colon, which results in excessive output (36). This study 
synthesized existing evidence and further confirmed that infants with 
small intestine stomas face significantly higher risks of complications. 
These findings establish an essential evidence base for the stratified 
management based on the stoma site in clinical practice.

The longer duration of postoperative high-level CRP was also found 
to be a predictive factor in this study. (OR = 1.081, 95%CI: 1.001 ~ 1.167, 
p = 0.048). Although some scholars have proposed that the preoperative 
or postoperative CRP levels can be used as predictive indicators for 
infectious complications after enterostomy, few studies reported the 
relation between the duration of abnormal CRP levels and enterostomy-
related complications in infants (37–39). This is a newly discovered risk 
factor in our study. CRP is an infection-related biomarker and rises 
sharply when the body is infected by inflammation or suffers from 
tissue damage (37). It is a key indicator for the diagnosis of infectious or 
inflammatory diseases. However, the exact mechanism by which it 
predicts postoperative infectious complications remains incompletely 
understood (40, 41). Niu et al. (42) hold that continuously elevated 
inflammatory factors can induce wound healing disorders characterized 
by pathological fibrous hyperplasia, complicate wound healing, and thus 
significantly increase the risk of complications. Another study (43) 
showed that high levels of inflammatory factors can suppress the 
synthesis of collagen, decrease both the concentration and activity of 
fibroblasts, cause tissue degeneration, and reduce peristomal skin 
support for the intestine, thereby leading to complications such as 
parastomal hernia. However, Zhu et al. (41) believed that the mechanism 
by which high-level CRP increases the risk of postoperative 
complications involves the synergistic effects of impaired healing and 
impaired immune response. It is worth noting that although we found 
a significant correlation between the duration of postoperative high-
level CRP and complication risks, the critical value remains uncertain. 

TABLE 1 (Continued)

Variable Complication group 
(n = 61)

Non-complication 
group (n = 94)

Statistical value p value

Preoperative platelets count (109/L) 231.00 (133.00, 359.50) 258.00 (197.00, 354.00) Z = −1.537 0.124

Postoperative total protein value (g/L) 42.90 (39.10, 48.50) 45.30 (39.90, 49.73) Z = −1.522 0.128

Postoperative prealbumin value (g/L) 65.00 (34.00, 89.00) 69.00 (39.50, 112.00) Z = −1.058 0.29

Postoperative CRP value (mg/L) 73.50 (31.20, 98.65) 44.40 (14.78, 93.15) Z = −1.883 0.06

Postoperative platelet count (109/L) 180.00 (84.50, 262.50) 197.00 (142.25, 303.75) Z = −1.987 0.047

Postoperative peak CRP value (mg/L) 93.30 (50.20, 129.65) 71.10 (27.85, 126.23) Z = −1.601 0.109

Duration of postoperative high-level 

CRP (d)
7.00 (4.00, 11.50) 5.00 (3.00, 7.00) Z = −3.105 0.002

Blood transfusion [n (%)] χ2 = 6.603 0.01

  Yes 16 (26.23%) 44 (46.81%)

  No 45 (73.77%) 50 (53.19%)

Length of stay in NICU (d) 37.00 (21.50, 68.50) 25.00 (19.00, 40.25) Z = −3.191 0.001

The bold values indicates that the results are statistically significant.
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Moreover, previous studies explored only the peak CRP before or after 
surgery, which is flawed because it cannot determine whether the 
abnormal CRP is due to postoperative stress, inflammation, or other 
reactions. Future studies should further explore and validate the 
application value of the duration of abnormal postoperative CRP in 
predicting enterostomy complications.

5 Study limitations

We identified risk factors of enterostomy-related complications 
and constructed an effective risk prediction model in infants with 
stomas. There are still several limitations to our study that must 
be acknowledged. Firstly, this study was a single-center retrospective 
investigation with a relatively small sample size, which may result 
in selection bias. Secondly, although this study included the most 
valuable predictors for analysis, other unmeasured or unknown 
confounding factors such as stoma height and incision diameter 
may have a potential impact on this prediction model. Thirdly, there 
are inherent differences in surgical practices, patient populations, 

and postoperative care protocols across institutions. Fourthly, some 
predictor variables are postoperative indicators, which are subject 
to time lag effects, thus limiting their early predictive utility. Finally, 
the predictive model was only internally validated, and its 
performance still requires external validation with datasets from 
other research centers.

6 Conclusion

In this study, we  found that smaller weight at surgery, small 
intestinal stoma, and longer duration of postoperative high-level CRP 
were independent risk factors for postoperative complications related 
to enterostomy in infants. The nomogram model constructed based 
on the above factors exhibited good discrimination, calibration, and 
clinical validity. At the same time, the nomogram model was capable 
of visualizing clinical indicators to assess the occurrence probability 
of complications, thereby providing a basis for medical staff to identify 
infants with a relatively high risk of postoperative complications early 
and adopt targeted preventive measures.

FIGURE 3

Correlation matrix of variables.
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TABLE 2 Multivariate logistic regression analysis of factors associated with complications after enterostomy in infants.

Variable β SE Waldχ2 p OR 95%CI

Primary disease type 0.509 0.563 0.816 0.366 1.663 0.551 ~ 5.019

Gestational age −0.341 0.58 0.346 0.556 0.711 0.228 ~ 2.216

Weight at surgery −0.001 0.0004 4.039 0.044 0.999 0.999 ~ 1.000

Age at surgery −0.003 0.012 0.084 0.772 0.997 0.974 ~ 1.020

Feeding initiation time −0.072 0.089 0.654 0.419 0.931 0.782 ~ 1.108

Time to achieve full enteral nutrition 0.001 0.015 0.003 0.956 1.001 0.971 ~ 1.031

Preoperative 

antibiotics

Restricted-use 

grade
0.63 1.274 0.244 0.621 1.877 0.155 ~ 22.801

Special-use grade −0.24 0.509 0.222 0.638 0.787 0.290 ~ 2.136

Stoma site 1.857 0.693 7.18 0.007 6.405 1.647 ~ 24.916

Stoma type 0.83 0.503 2.721 0.099 2.294 0.855 ~ 6.151

Intestinal tube resection 0.117 0.553 0.045 0.832 1.124 0.381 ~ 3.322

Preoperative total protein value −0.039 0.033 1.379 0.24 0.962 0.902 ~ 1.026

Preoperative CRP value −0.004 0.005 0.528 0.468 0.996 0.987 ~ 1.006

Postoperative platelet count −0.0001 0.002 0.003 0.953 1.000 0.996 ~ 1.003

Duration of postoperative high-level 

CRP
0.077 0.039 3.922 0.048 1.081 1.001 ~ 1.167

Blood transfusion 0.273 0.492 0.308 0.579 1.314 0.501 ~ 3.446

Length of stay in NICU 0.0003 0.013 0.0004 0.984 1 0.974 ~ 1.027

Constant 1.695 2.219 0.583 0.445 5.447 —

Variable assignment (1) primary disease type: Non-infectious diseases = 0, Infectious diseases = 1; (2) gestational age: preterm infant = 0, term infant = 1; (3) preoperative antibiotics: 
unrestricted-use grade = 0, restricted-use grade = 1, special-use grade = 2; (4) stoma site: colonic stoma = 0, small intestine stoma = 1; (5) stoma type: single-lumen = 0, double-lumen = 1; (6) 
intestinal tube resection: No = 0, Yes = 1; (7) blood transfusion: No = 0, Yes = 1. The bold values indicates that the results are statistically significant.

FIGURE 4

Nomogram of the postoperative enterostomy-related complication risks. (The scores of each variable in the nomogram are summed, and the 
projection of the total score onto the risk axis signifies the predicted probability. The greater the total score, the higher the risk of postoperative 
complications for the infant).
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