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Background: Hirschsprung-associated enterocolitis (HAEC) is a common and life-threatening complication of Hirschsprung's disease (HSCR), which can occur before and after surgery. The aim of this study was to identify the risk factors associated with the development of HAEC.



Methods: We retrospectively reviewed the medical records of HSCR patients admitted to the Children's Hospital of Shanxi Province, China, between January 2011 and August 2021. Diagnosis of HAEC was made using a scoring system with cutoff values ≥4 and included the patient's history, physical examination, and radiological and laboratory findings. The results are shown as frequency (%). The chi-square test was used to analyze a single factor with a significance level of P < 0.05. Logistic regression analysis was used to analyze multiple factors.



Results: A total of 324 patients were included in this study, with 266 males and 58 females. In total, 34.3% (111/324) of patients had HAEC, including 85 males and 26 females; 18.9% (61/324) of patients had preoperative HAEC; and 15.4% (50/324) of patients had postoperative HAEC within one year after surgery. Gender, age at definitive therapy, and feeding methods were not found to be associated with preoperative HAEC in univariate analysis. Respiratory infection was associated with preoperative HAEC (P = 0.00003). No association was found between gender and age at definitive therapy and postoperative HAEC. Postoperative HAEC was associated with microcytic hypochromic anemia (P = 0.00058), preoperative history of HAEC (P = 0.00120), the creation of a preoperative stoma (P = 0.00097), long segment or total colon HSCR (P = 0.00057), and hypoalbuminemia (P = 0.03225). Regression analysis showed that microcytic hypochromic anemia (OR=2.716, 95% CI = 1.418–5.203, P = 0.003), preoperative history of HAEC (OR=2.814, 95% CI = 1.429–5.542, P = 0.003), the creation of a preoperative stoma (OR=2.332, 95% CI = 1.003–5.420, P = 0.049), and long segment or total colon HSCR (OR=2.167, 95% CI = 1.054–4.456, P = 0.035) were associated with postoperative HAEC.



Conclusion: This study revealed that the incidence of preoperative HAEC at our hospital was associated with respiratory infections. In addition, microcytic hypochromic anemia, preoperative history of HAEC, the creation of a preoperative stoma, and long segment or total colon HSCR were risk factors of postoperative HAEC. The most important finding of this study was that microcytic hypochromic anemia was a risk factor for postoperative HAEC, which has been rarely reported. Further studies with larger sample sizes are necessary to confirm these findings.
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Introduction

Hirschsprung's disease (HSCR) is a complex disorder of the enteric nervous system (ENS) characterized by defective migration, proliferation, differentiation, and survival of neural crest cells (NCC), resulting in the complete absence of ganglion cells in the intestinal tract (1). Mortality of HSCR is significantly reduced after surgical removal of the aganglionic segments. However, postoperative complications such as intestinal dysfunction remain a major problem in pediatric patients. Almost 42% of patients suffered a decline in their quality of life following the operation (2, 3). Hirschsprung-associated enterocolitis (HAEC) is a life-threatening complication of HSCR with high morbidity and mortality. Several risk factors of preoperative and postoperative HAEC have been reported, but there is no consensus. In this study, we further investigated the risk factors of HAEC.



Materials and methods

A systematic search of the case retrieval system of the Children's Hospital of Shanxi Province, China, was performed for cases between January 2011 and August 2021 to identify relevant patients. The data collected included gender, age at definitive therapy, methods for feeding, respiratory infection, microcytic hypochromic anemia, preoperative history of HAEC, creation of a preoperative stoma, long segment or total colon HSCR, and hypoalbuminemia. All HSCR patients received rectal irrigation before the surgery. The surgical method used at our hospital was Soave's procedure including transanal or laparoscopic-assisted Soave's procedure, and children with preoperative stoma underwent laparotomy to close the functional stoma.

The inclusion criteria for this study were as follows: ① the children had clinical manifestations such as abdominal distention, chronic constipation, or neonatal obstruction; ② the primary diagnosis of HSCR was confirmed by digital rectal examination, contrast enema, and anorectal manometry; ③ pathological examination before surgery or by intraoperative frozen-section examination was used to establish definite diagnosis, and all patients underwent pathological biopsy after surgery in accordance with the diagnosis of HSCR. The primary diagnosis of HSCR at our hospital was based on clinical symptoms and auxiliary examination ①+②. The diagnosis of all the patients included in this study was based on 2462;. The exclusion criteria of this study were as follows: ① no surgical treatment was provided; ② children with HSCR who were lost to follow-up within one year after pull-through surgery.

This study was approved by the hospital ethics committee of the Children's Hospital of Shanxi Province, China.


HAEC

HAEC was determined using the Delphi scoring system with cutoff values ≥4, and included the patient's history (diarrhea with explosive stool, diarrhea with foul-smelling stool, diarrhea with bloody stool, and history of enterocolitis), physical examination (explosive discharge of gas and stool on rectal examination,distended abdomen, decreased peripheral perfusion, lethargy and fever), radiographic findings/upright plain abdominal film (multiple air-fluid levels, dilated loops of bowel, sawtooth appearance with irregular mucosal lining, cutoff sign in rectosigmoid with the absence of distal air, pneumatosis), and laboratory findings (leucocytosis, cell nuclei shifted to left). The period of follow-up was one year after the operation.




Statistical analysis

IBM SPSS Statistics version 26.0 was used for statistical analysis. Data are presented as numbers and percentages for categorical variables. The chi-square test was used to evaluate the difference in risk factors between the groups. The variables with significant differences in the univariate analysis were included in the multivariate logistic regression analysis. A P < 0.05 was considered statistically significant.



Results


Baseline characteristics

A total of 324 HSCR patients were included in this study, with 266 males and 58 females. Among these patients, 111 had HAEC including 61 with preoperative HAEC and 50 with postoperative HAEC. The age at radical resection was usually > 3 months (69.8%), and the patients were mainly on non-exclusive breastfeeding (63.9%). The respiratory status of the child was well managed during the perioperative period (85.8%). The majority of postoperative HAEC patients had no microcytic hypochromic anemia (61.7%), preoperative history of HAEC (74.4%), and preoperative stoma (88.0%), and showed short-segment aganglionosis (79.9%) and hypoalbuminemia (69.1%) (Table 1).


TABLE 1 Baseline characteristics of HAEC in children with HSCR.
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Univariate analysis of preoperative HAEC

Overall, 18.8% of the HSCR patients had preoperative HAEC. Gender, age at definitive therapy, and feeding methods were not associated with preoperative HAEC. Respiratory infection was associated with preoperative HAEC (P = 0.00003) (Table 2).


TABLE 2 Analysis of preoperative HAEC in children with HSCR.
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Univariate analysis of postoperative HAEC

Additionally, 15.4% of the HSCR patients had postoperative HAEC. No association was found between gender, age at definitive therapy, and postoperative HAEC. Postoperative HAEC was associated with microcytic hypochromic anemia (P = 0.00058), preoperative history of HAEC (P = 0.00120), the creation of a preoperative stoma (P = 0.00097), long segment or total colon HSCR (P = 0.00057), and hypoalbuminemia (P = 0.03225) (Table 3).


TABLE 3 Analysis of postoperative HAEC in children with HSCR.
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Multivariate analysis of postoperative HAEC

The variables with statistically significant differences in the univariate analysis of postoperative HAEC were included in the binary logistic regression analysis. Microcytic hypochromic anemia (OR=2.716, 95% CI = 1.418–5.203, P = 0.003), preoperative history of HAEC (OR=2.814, 95% CI = 1.429–5.542, P = 0.003), the creation of a preoperative stoma (OR=2.332, 95% CI = 1.003–5.420, P = 0.049), and long segment or total colon HSCR (OR=2.167, 95% CI = 1.054–4.456, P = 0.035) were the risk factors of postoperative HAEC (Table 4).


TABLE 4 Logistic multivariate analysis of postoperative HAEC in children with HSCR.
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Discussion

HSCR is one of the most common and severe diseases threatening neonatal growth and development. Over the past several decades, radical pull-through surgery has revolutionized the survival of children with HSCR. However, HAEC is one of the most common and serious complications of HSCR that affects the quality of life of young children. Previous reports revealed that HAEC occurred in 6%–50% of the patients preoperatively and in 2%–35% postoperatively. The incidence of preoperative HAEC at our hospital was 18.8%, and postoperative HAEC was 15.4%, which is similar to previous reports. The etiology and mechanism of HAEC are not fully understood, and most of the studies have focused on gut microbiota, intestinal epithelial barrier function, and genes (4–7). It is essential to identify the risk factors of HAEC and provide prompt clinical interventions.

This study revealed that gender and age at definitive therapy were not associated with preoperative and postoperative HAEC. During the management of HAEC, we found that prompt diagnosis and intervention were more important than the choice of age at definitive therapy. For example, early diagnosis and rectal irrigation were critical to resolve fecal stasis and significantly improve the intestinal environment in HSCR. The inflammatory state of the intestine can be effectively alleviated by metronidazole and broad-spectrum antibiotics (8). A recent study suggested that exclusive breastfeeding is a novel protective factor for preoperative and postoperative HAEC (9), but we did not find any association between feeding methods and preoperative HAEC. Hence, further studies are needed to clarify the role of breastfeeding in HAEC. Respiratory infection is a common disease in pediatrics during the perioperative period. Affected children often have clinical manifestations such as cough, sputum production, and fever, together with or without increased Leukocytes (>10.0  ×  109/l), Neutrophils (>8.00  ×  109/l), and C-reactive protein (>10 mg/l). Respiratory tract infection in children during the perioperative period was reported as a risk factor for preoperative HAEC, probably because respiratory tract infections can increase interferon (IFN)-γ and trigger intestinal homeostasis, which in turn leads to the occurrence of HAEC (10). Our study also supports this finding, and neutrophils may play a role in the development of HAEC (11).

A significant relationship between microcytic hypochromic anemia and postoperative HAEC was observed in this study, which has been rarely reported before (OR=2.716, P = 0.003). It is believed that dysregulation of gut microbiota could be a potential mechanism for HAEC, and previous studies also showed lower hematocrit, along with increased Proteobacteria and decreased Firmicutes (12). This finding offers a potential microbiological explanation for this condition. It also suggests that the impaired gastrointestinal function in HAEC could lead to bleeding and iron malabsorption resulting in anemia, which may be an independent risk factor for intestinal inflammation and damage. A study conducted on a neonatal murine model revealed that anemia may contribute to gut inflammation and barrier disruption by altering macrophage function. Moreover, anemia reduces the ability of red blood cells to carry oxygen and nutrients, resulting in severe hypoxia in the intestinal mucosa, which may lead to abnormal intestinal homeostasis and immune regulation changes (13). This could be the underlying mechanism for the pathogenesis of various intestinal inflammatory diseases. At our center, we actively give iron supplement treatment for 1–2 months; if the anemia is severe (hemoglobin <90 g/L, neonatus:hemoglobin <120 g/L), we also give blood transfusions to the child. After these treatments, anemia will have a varying degree of improvement, and when the condition is corrected (hemoglobin >90 g/L, neonatus: hemoglobin >120 g/L), we perform radical surgery or discharge the children from the hospital. However, the mechanism of microcytic hypochromic anemia and postoperative HAEC remains unclear, and this conclusion was previously reported in only one case. Hence, opportunities exist to provide a promising new treatment strategy.

A preoperative history of HAEC (OR=2.814, 95% CI = 1.429–5.542, P = 0.003) was found to increase the likelihood of developing postoperative HAEC. This is consistent with the findings of previous studies, which also showed that preoperative history of HAEC is a risk factor for postoperative HAEC (14). Another study was conducted to compare the fecal bacterial and fungal communities of children who developed HAEC with HSCR patients who never had enterocolitis. The results of the study revealed that the bacterial composition in the HAEC group showed a modest decrease in Firmicutes and Verrucomicrobia, while the numbers of Bacteroides and Proteus increased. In addition, the diversity of fecal fungi was significantly decreased in the HAEC group, and the number of Candida sp. was increased, while the numbers of Malassezia and Saccharomyces sp. were reduced. These findings suggested that dysbiosis of the gut microbial ecosystem in HAEC patients makes patients with a preoperative history of HAEC potentially more susceptible to HAEC later (15). Three children at our hospital had three or more HAEC occurrences within one year after pull-through surgery, all of them had a preoperative history of HAEC, and a lack of early effective intervention. Although we performed effective surgical treatment later, recurrent HAEC slowed the growth and development of these children and decreased their quality of life. Thus, effective early identification and clinical intervention may help reduce the occurrence and progression of enterocolitis.

The creation of a preoperative stoma (OR=2.332, 95% CI = 1.003–5.420, P = 0.049) was associated with postoperative HAEC. The reason pediatric surgeons usually create a preoperative functioning stoma is that the children have extremely poor intestinal function before surgery, which is usually caused by the disorders of intestinal microbiota, mucus barrier, and immune system, and this pro-inflammatory intestinal state often requires repeated medical interventions (14). Therefore, patients need the creation of a stoma before a definitive pull-through operation for HSCR in order to provide sufficient rest and relief to the intestine. However, the primary mechanism between them remains unknown.

Several studies reported that segment length is associated with pre- and postoperative HAEC (16). In this study, we found that long segment or total colon HSCR (OR=2.167, 95% CI = 1.054–4.456, P = 0.035) is a risk factor of postoperative HAEC, which has been previously reported (17). The reason is mainly the absence of ganglion cells and hypertrophy of non-myelinated peripheral nerve fibers involving a wider range of colon segments. The longer the lesion colon segment, the greater impact on the overall peristaltic function of the colon, and the greater the risk of fecal stasis. This is the main reason for developing HAEC. Treatment of the functional obstruction may effectively relieve or prevent HAEC, such as laxatives or enemas and intrasphincteric botulinum toxin injections for postoperative defecation.

We hypothesized that hypoalbuminemia is one of the risk factors for postoperative HAEC. The univariate results of this study suggested that combined hypoalbuminemia was associated with the occurrence of postoperative HAEC, but the logistic multivariate analysis did not show statistical significance (P = 0.375 > 0.05). Previous studies have also supported this conclusion (18). Another study revealed that preoperative albumin levels may be the best predictor of mortality after colorectal cancer surgery (19). However, whether this index is related to the radical recovery after HSCR needs further study.



Conclusion

This study showed that respiratory infection was associated with preoperative HAEC at our hospital. Microcytic hypochromic anemia, preoperative history of HAEC, the creation of a preoperative stoma, and long segment or total colon HSCR were risk factors for postoperative HAEC. The most important finding of this study is that microcytic hypochromic anemia is a risk factor for postoperative HAEC, which needs the attention of pediatric surgeons worldwide. However, its potential mechanism and causes need further research with large samples and in multiple centers.
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