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      Abstract


      Introduction


      Acute appendicitis is the most common condition necessitating abdominal emergency surgery. We aimed to identify preoperative parameters predictive of postoperative complications in children with complicated appendicitis.


      Methods


      The database of a tertiary pediatric medical center was retrospectively reviewed for patients pathologically diagnosed with complex appendicitis in 2012-2015. Admission parameters were evaluated for their predictive value for postoperative complications using logistic regression analysis.


      Results


      Multivariable analysis of the 102 eligible cases yielded 2 predictors of longer hospital stay (as continuous variable): C-reactive protein > 10 mg/dL at presentation (OR 20.657; 95% CI 1.790-238.369, P = 0.016) and fever for ≥ 3 days before admission (OR 6.167; 95% CI 1.211-31.393, P = 0.03). Type of pathogen isolated on peritoneal culture had no effect on postoperative outcomes. In 12 patients (11.1%) diagnosed intraoperatively with simple appendicitis and treated accordingly, there were no postoperative complications.


      Conclusions


      Prolonged hospital stay after surgery for complex appendicitis may be predicted by C-reactive protein level at admission and duration of pre-admission fever. Attention to these factors may help clinicians identify children at risk who may benefit from early detection. Obtaining peritoneal cultures need not be obtained routinely. The operative diagnosis might better predict outcomes than the pathological diagnosis. Pathologically gangrenous appendicitis that is diagnosed intraoperatively as simple appendicitis may be treatable with acute/simple appendicitis protocols.


      Keywords


      Appendicitis, Complex appendicitis, Appendectomy, Complications, Peritoneal cultures


      Introduction


      Acute appendicitis is the most common condition necessitating abdominal emergency surgery. Cases are classified as simple or complex on the basis of the intraoperative and histopathological findings. Appendicitis is considered complex if the appendix is perforated with a visible hole. Some authors include gangrenous appendicitis (micro perforation) with no visible transmural defect in this category as well [1,2]. Complex appendicitis is associated with a higher rate of re-intervention and longer hospital stay than simple appendicitis, exerting a heavy burden on both the patient and the pediatric healthcare system [3,4]. Therefore, early identification of patients at risk is important. However, factors that can reliably predict postoperative complications in the pediatric population have not been well defined. In addition, the usefulness of intraoperative peritoneal cultures in this context is unclear, and there is evidence in the literature that challenges their routine performance [5-7].


      The main goal of the present study was to identify predictors of postoperative complications of complex appendicitis in children. The secondary goals were to analyze complication rates as function of peritoneal culture results and discrepancies between the surgical and pathological diagnoses.


      Methods


      Study population and study design


      The database of a tertiary pediatric medical center was retrospectively reviewed for all patients treated for complex appendicitis between November 2012 and March 2015. Only patients aged 18-years or less with a pathologically confirmed diagnosis of a perforated or gangrenous appendix were included. The study was approved by the Institutional Review Board with waiver of informed consent.


      Data collection


      The following data were collected for the study from the individual medical files: demographic parameters, presenting symptoms, duration of symptoms, laboratory results (complete blood count, C-reactive protein level), findings on the surgery and pathology reports, type and duration of antibiotic treatment, peritoneal cultures results (Enterobacteriacea spp., Pseudomonas spp., Gram-positive bacteria), and complications during the postoperative course (intra-abdominal abscess formation, wound site infection, and duration of hospital stay.


      Outcome measures


      Three outcomes were monitored in this study: lengths of hospital stay (days), intra-abdominal abscess formation as demonstrated with abdominal imaging (ultrasound/computed tomography) and superficial or deep incisional surgical site infection defined and classified using published Centers for Disease Control and Prevention criteria [8]. Outcome measures included significant associations between preoperative parameters and postoperative outcome; effect of the culture results on outcome; and effect of discrepancies between the surgical and pathological diagnosis on outcome.


      Statistical analysis


      Preoperative factors found to be significantly associated with postoperative complications on univariate analysis (P < 0.05) were entered into a multivariable model to analyze their independent risk effect. Chi-square test with Bonferroni correction was used to compare categorical variables and analysis of variance (ANOVA) was used to compare age distribution between groups. Multivariable logistic regression was used to identify significant predictors of postoperative complications. A P value < 0.05 was considered statistically significant. Values are shown as mean ± standard deviation.


      Results


      Characteristics of the study population


      Of the 588 children who underwent appendectomy during the study period, 106 were histologically classified as having complex appendicitis. Four of them were excluded from the analysis because of missing data in the medical chart. The remaining 102 children formed the study group (Table 1).


      There were 61 male (59.8%) and 41 female patients of mean age 10.18 ± 4.34 years at presentation (range 7 months to 17.9 years). Preadmission symptoms included nausea or vomiting in 74.5% of patients, fever (≥ 38 ℃) in 50% and diarrhea in 19.6%. The mean duration of symptoms was 2.34 ± 1.5 days (range 1 to 7 days). Mean laboratory values of the cohort at admission were as follows: white blood cell count, 16.73 ± 5.3 K/µL; absolute neutrophil count (documented in 92 children), 13.9 ± 4.9 K/µL; CRP level (documented in in 100 children), 10.04 ± 8.12 mg/dL. Open appendectomy was performed in 86 children (84.3%) and laparoscopic appendectomy in 15 (14.7%), with one conversion to open surgery due to multiple adhesions.


      Microbiology and antibiotic treatment


      Ninety peritoneal cultures were obtained from 81 children, of which 45 (50%) were positive (Table 2). Isolates of Escherichia coli were identified in 31 cultures (34.4%), all sensitive to cephalosporin. There were no isolates of extended-spectrum beta lactamases or carbapenem-resistant Enterobacteriaceae. Isolates of Pseudomonas aeruginosa were identified in 15 cultures (16.7%), all sensitive to piperacillin-tazobactam, ceftazidime, and aminoglycosides. Gram-positive bacteria were identified in 13 cultures (14.4%), including 9 isolates of streptococcal species. Coagulase-negative Staphylococcus was isolated in 2 cases; this finding was interpreted as sample contamination.


      All children but one were treated empirically with a combination of third- generation cephalosporin and metronidazole for a mean duration of 4.84 ± 1.97 days (range 1 to 11 days), according to the institutional protocol (Figure 1). The outstanding child received cephalosporin monotherapy because he presented with only mild nonspecific signs and symptoms. In 22 children (21.5%), treatment was modified in accordance with the culture results and clinical findings; most (19 children) were switched to piperacillin-tazobactam. The median duration of total treatment was 6.9 ± 4.8 days (range 1 to 31 days).


      Postoperative complications


      Fever developed postoperatively in 38 children (37.3%). There were 3 cases (2.9%) of wound site infections, all after open appendectomy, and 5 cases (4.9%) of intra-abdominal abscess formation, defined as an organized collection confirmed on imaging studies on 6-7th post-operative day. Median hospital length of stay was 7.4 ± 5.2 days (range 2 to 31 days). Fifteen children (14.7%) were re-admitted to the hospital, 11 because of nonspecific abdominal pain and 3 because of an intra-abdominal abscess. All were treated conservatively.


      Predictors of postoperative complications


      Univariate analysis identified 4 parameters as independent predictors of a longer hospital stay (as continuous variable): CRP level > 10 mg/dL, fever (≥ 38 ℃) at admission, long duration of fever (≥ 2 days) prior to admission, and long duration of symptoms (≥ 3 days) prior to admission (Table 3). All parameters were entered into the multivariable analysis, in addition to age and gender (Table 4). Parameters found to be independently associated with longer hospital stay were CRP > 10 mg/dL (OR 20.657; 95% CI 1.790-238.369, P = 0.016) and long fever duration (≥ 2 days) before admission (OR 2.837; 95% CI 0.305-26.43, P = 0.03). None of the parameters was significantly associated with abscess formation or wound site infection, and neither as function of peritoneal culture isolates.


      Discordance between surgical and pathological diagnosis


      In 12 cases (11.7%), the surgical diagnosis was simple (acute or phlegmonous) appendicitis (Table 5), and the patients were therefore treated with a short course of empirical antibiotics, before receipt of the pathological diagnosis of complex appendicitis (gangrenous in all, with no perforation). This subgroup had a relatively low rate of postoperative complications, with only 2 fever episodes in 1 patient each (1.96%) and no cases of abscess formation or wound site infections or need for re-admission.


      Discussion


      Identifying predictors of postoperative complications of complex appendicitis will help surgeons identify patients at risk who require more stringent monitoring and alert them to the potential need for early intervention and management. The present study of 102 children with complex appendicitis identified 2 parameters that may serve as independent preoperative predictors of longer postoperative hospital stay: CRP level > 10 mg/dL and fever for ≥ 3 days prior to admission. These findings are in concordance with previous studies [9-11]. Other previously identified risk factors for postoperative complications were not confirmed in this study, namely, younger age [12], female sex [13] and high white blood cell and absolute neutrophil counts [9,10,14]. Obesity or increased body mass index has also been linked to postoperative complications [3,15], but analysis of this factor was unfeasible in this study owing to insufficient data in the medical charts. We were also unable to address other factors such as race, co-morbidities, parameters of the blood chemistry screen and imaging findings, warranting further studies.


      Peritoneal cultures were positive in 50% of the cohort. This rate falls within the range reported in the literature of 24% to 93% [5,16,17]. Microorganisms belonging to the Enterobacteriaceae family were most often isolated, the majority belonging to the E. coli genus (34.4%), followed by P. aeruginosa (16.7%) and streptococcal species (10%). Accordingly, the corresponding rates of isolation of these pathogens reported in the literature were 30.8-70%, 5.3-19% and 7-34% [6,11,18]. Our findings did not support an association between specific peritoneal isolates and postoperative complications, suggesting that while intraoperative peritoneal swabs collection may be done for epidemiological purposes or for re-evaluation of empirical treatment, it need not necessarily be part of routine practice.


      Determining the appendicitis disease severity intraoperatively is thought to be essential for proper postoperative management, for example, selecting antibiotic therapy in complicated cases. Whether the conventional triple antibiotic regimen (ampicillin, gentamicin and clindamycin) or dual therapy (ceftriaxone with metronidazole) is preferred remains controversial. Several recent studies have found the dual regimen, which is used in our institute, to be more efficient and cost effective [19]. Sometimes, however, the intraoperative impression of the surgeon does not match the pathological diagnosis [1,20,21]. In the present study, 12 children were identified intraoperatively as having simple appendicitis and treated accordingly, and only subsequently categorized as having complex appendicitis on receipt of the pathology report. This group had a relatively low rate of postoperative complications and short hospital stay, without re-admissions. Although their number was small and the difference was not statistically significant, these results may imply that the intraoperative diagnosis might better predict outcome and clinical course than the pathological diagnosis. This has also been previously suggested in the literature [22,23]. In all the discrepant cases, the pathological diagnosis was based on a finding of gangrene. Thus, there may be a need for a third categorization/treatment approach beyond the simple/acute versus complex appendicitis [21,24]. These findings should prompt a trial testing the effectiveness acute simple appendicitis protocols for the treatment of patients with operative findings of gangrenous appendicitis without localized peritonitis.


      The present study was limited by the retrospective design with its inherent selection and information biases. Moreover, the study group was relatively small and the study period short, limiting the generalizability of the results. Larger multicenter prospective observational studies are needed to corroborate our findings.


      In conclusion, this study of children with a pathological diagnosis of complex appendicitis identified two parameters that were independently predictive of longer hospital stay: CRP > 10 mg/dL and fever for ≥ 3 days prior to admission. These factors may help define a high-risk subgroup of children prone to complications who will likely benefit from early detection and intervention for potential complications. In cases of a gangrenous appendix in the absence of local peritonitis, the intraoperative diagnosis may better predict outcome than the pathological diagnosis, suggesting that affected patients may be treated by the same protocol used for acute/simple appendicitis. Obtaining an intraoperative peritoneal swab need not be part of routine practice although it may still be useful for purposes of epidemiological analysis or re-evaluation for empirical treatment.
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        Table 3: Association between epidemiological, clinical and laboratory parameters and duration of hospital stay. View Table 3
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