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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% ClI 1.790-238.369, P = 0.016) and fever for > 3
days before admission (OR 6.167; 95% Cl 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.
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Introduction The main goal of the present study was to identify pre-
dictors of postoperative complications of complex appen-
dicitis in children. The secondary goals were to analyze
complication rates as function of peritoneal culture results
and discrepancies between the surgical and pathological
diagnoses.

Acute appendicitis is the most common condition ne-
cessitating abdominal emergency surgery. Cases are classi-
fied 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 per-
foration) with no visible transmural defect in this catego-
ry as well [1,2]. Complex appendicitis is associated with a
higher rate of re-intervention and longer hospital stay than *Corresponding author: Nadav Mizrahi, MD, Department of Pe-
simple appendicitis, exerting a heavy burden on both the diatrics B, Schneider Children’s Medical Center of Israel, 14 Ka-
patient and the pediatric healthcare system [3,4]. There- plan Street, Petach Tikva 4920235, Israel, Tel: +972-3-925-3681,
fore, early identification of patients at risk is important. Fax: +972-3-925-3045
However, factors that can reliably predict postoperative Accepted: October 03, 2019
complications in the pediatric population have not been Published online: October 05, 2019
well defined. In addition, the usefulness of intraoperative Citation: Mizrahi N, Samuk |, Ashkenazi S, et al. (2019) Pediatric
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formance [5-7].
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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 in-
cluded. 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 (com-
plete blood count, C-reactive protein level), findings on the
surgery and pathology reports, type and duration of antibiot-
ic treatment, peritoneal cultures results (Enterobacteriacea
spp., Pseudomonas spp., Gram-positive bacteria), and com-
plications during the postoperative course (intra-abdominal
abscess formation, wound site infection, and duration of hos-
pital 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/comput-
ed tomography) and superficial or deep incisional surgical site
infection defined and classified using published Centers for
Disease Control and Prevention criteria [8]. Outcome mea-
sures 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 dis-
tribution 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 exclud-
ed 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

Table 1: Epidemiologic and preoperative clinical data of 102 children
with complex appendicitis.

Characteristics N (%)/mean * SD”

Demographics

Male sex, n (%) 61 (59.8)
Age (years), mean  SD 10.18 £4.34
<1yr, n (%) 1(0.98)
1-3yr, n (%) 5(4.9)

4-6 yr, n (%) 12 (11.76)
7-12 yrn (%) 45 (44.12)
13-18 yr, n (%) 39 (38.24)
Presenting symptoms

Abdominal pain 97 (95.1)
Nausea/vomiting 76 (74.5)
Fever (=38 °C) 51 (50)
Diarrhea 20 (19.6)
Symptom duration (days) 2.34+15
Fever duration (days) 2+1.2
Laboratory tests

WBC (K/pL) 16.73£5.3
Neutrophils (K/uL) 13.9+4.9™
CRP (mg/dL) 10.04 + 8.12""*
Hemoglobin (g/dL) 129+1.3
Platelets (K/uL) 299.9+69.1

WABC: White Blood Cells; CRP: C-Reactive Protein; "Mean + SD for
continuous variables; “*Neutrophils count was available for 92
patients; ""CRP levels were available for 100 patients.

Table 2: Microorganisms isolated from peritoneal fluid specimens
from 81 children.

Microorganism N (%)
Gram-negative bacteria 41 (45.6)
Enterobacteriaceae 33 (36.7)
Escherichia coli 31(34.4)
Proteus spp. 2(2.2)
Klebsiella spp. 3(3.3)
Citrobacter freundii 1(1.1)
Pseudomonas aeruginosa 15 (16.7)
Bacteroides fragilis 2(2.2)
Gram-positive bacteria 13 (14.4)
Streptococcus spp. 9 (10)
Group milleri 4(4.4)
Viridans streptococci 3(3.3)
B-hemolytic 2(2.2)
Enterococcus spp. 2(2.2)
Staphylococcus spp. 2(2.2)
Total positive 90
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to 17.9 years). Preadmission symptoms included nausea or
vomiting in 74.5% of patients, fever (> 38 °C) in 50% and di-
arrhea 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/uL; absolute neutrophil count (documented in
92 children), 13.9 + 4.9 K/uL; CRP level (documented in in 100
children), 10.04 + 8.12 mg/dL. Open appendectomy was per-
formed in 86 children (84.3%) and laparoscopic appendecto-
my 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 chil-
dren, 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-resis-
tant Enterobacteriaceae. Isolates of Pseudomonas aerugi-
nosa were identified in 15 cultures (16.7%), all sensitive

to piperacillin-tazobactam, ceftazidime, and aminoglyco-
sides. Gram-positive bacteria were identified in 13 cultures
(14.4%), including 9 isolates of streptococcal species. Co-
agulase-negative Staphylococcus was isolated in 2 cases;
this finding was interpreted as sample contamination.

All children but one were treated empirically with a com-
bination of third- generation cephalosporin and metroni-
dazole 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%).

IV Ceftriaxone 50mg/Kg X 1/d
IV Metronidazole 10mg/Kg X 3/d

/total of 5 days

A4

Child a-febrile for 24h

POD4-5 4/ jerates regular diet
YES f NO
L — 1 L1 l
CBC > Continue IV Regimen
For additional 2 days
Normal Elevated L

WBC count WBC Child a-febrile for 24h

l tolerates regular diet

Discharge YES

T
i Abdominal CBC
m us
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]
]
i PO Augmentin to
| Complete 7 days
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1
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Consider
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Replacement for
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POD: Post operation day
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WBC: White blood count
US: Ultrasound

Figure 1: Institutional protocol of treating complicated appendicitis.
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Table 3: Association between epidemiological, clinical and labo-
ratory parameters and duration of hospital stay.

Duration of hospitalization

P value
Parameters | VO (days)
patients
Mean |SD Median
Demographic parameters
Sex
Male 61 7.44 464 |6
0.847
Female 41 7.24 5.7 5
Age (years)
<5 18 9.39 514 8
11-Jun 45 6.87 541 |5 0.174
18-Dec 39 7 4.5 6
Symptom duration (days)
<3 65 6.6 491 |5
5-Mar 32 8.12 432 |7 0.027
>6 5 12.4 8.5 9
Symptoms
Nausea/vomiting
Yes 76 7.12 474 6
0.775
No 26 7.45 5.2 5
Abdominal pain
Yes 97 14.6 3.51 15
0.001
No 5 6.99 486 5
Fever
Yes 51 5.69 331 5
<0.001
No 51 9.04 593 7
Fever duration (days)
1 77 6.01 348 |5
2 8 11.38 7.13 85 <0.001
>3 17 11.59 6.81 11
Laboratory variables
WBC (K/uL)
<15 37 8.14 6.11 6
15-20 41 6.98 545 |5 0.511
>20 24 6.83 414 |5
Neutrophils (K/uL)
<10 21 7.29 478 |7
0.85
210 71 7.54 546 |5
CRP (mg/dL)
<2 17 5.18 219 5
5-Feb 18 5.44 3.09 5
0.001
10-May 21 6.38 284 6
>10 44 9.66 6.39 75

There were 3 cases (2.9%) of wound site infections, all after
open appendectomy, and 5 cases (4.9%) of intra-abdomi-
nal abscess formation, defined as an organized collection

Table 4: Multivariable analysis of predictors of longer hospital stay in
102 children with complex appendicitis.

OR (95% Cl) P value

Sex (female vs. male) 3.975 (0.858-18.406) 0.078
Age (per 1 year) 0.974 (0.822-1.155) 0.756

5-Feb 1.121 (0.057-22.018) 0.942
CRP (< 2 vs.) 10-May | 1.041 (0.045-24.222) 0.986

>10 20.657 (1.790-238.369) | 0.016
Fever duration (vs. 1)

2 days 2.837 (0.305-26.43) 0.36

>3days |6.167(1.211-31.393) 0.03
Abdominal pain 5.784 (0.951-35.163) 0.49

Table 5: Comparison of surgical and pathological findings.

N (%)
Diagnosis

Surgical | Pathological
Simple appendicitis (acute/ 12(117) -
phlegmonous)
Complex appendicitis 90 (88.3) 100 (98)"
Gangrenous 45 (44.1) 66 (64.7)
Perforated 35(34.3) 29(28.4)
Abscess 10 (9.8) 5(4.9)

*Additional 2 cases w/o pathology report available.

confirmed on imaging studies on 6-7* 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 indepen-
dent predictors of a longer hospital stay (as continuous vari-
able): CRP level > 10 mg/dL, fever (= 38 °C) at admission, long
duration of fever (= 2 days) prior to admission, and long du-
ration 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% Cl 1.790-238.369, P = 0.016) and
long fever duration (> 2 days) before admission (OR 2.837;
95% Cl 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 iso-
lates.

Discordance between surgical and pathological
diagnosis
In 12 cases (11.7%), the surgical diagnosis was simple

(acute or phlegmonous) appendicitis (Table 5), and the pa-
tients were therefore treated with a short course of empir-
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ical antibiotics, before receipt of the pathological diagnosis
of complex appendicitis (gangrenous in all, with no perfora-
tion). 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 in-
fections or need for re-admission.

Discussion

Identifying predictors of postoperative complications
of complex appendicitis will help surgeons identify pa-
tients 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 com-
plex appendicitis identified 2 parameters that may serve
as independent preoperative predictors of longer postop-
erative hospital stay: CRP level > 10 mg/dL and fever for
> 3 days prior to admission. These findings are in concor-
dance with previous studies [9-11]. Other previously iden-
tified 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 un-
able 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 post-
operative complications, suggesting that while intraopera-
tive peritoneal swabs collection may be done for epidemi-
ological purposes or for re-evaluation of empirical treat-
ment, it need not necessarily be part of routine practice.

Determining the appendicitis disease severity intraoper-
atively is thought to be essential for proper postoperative
management, for example, selecting antibiotic therapy in
complicated cases. Whether the conventional triple antibiot-
ic regimen (ampicillin, gentamicin and clindamycin) or dual
therapy (ceftriaxone with metronidazole) is preferred re-
mains controversial. Several recent studies have found the
dual regimen, which is used in our institute, to be more ef-
ficient and cost effective [19]. Sometimes, however, the in-
traoperative 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 subsequent-
ly 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, with-

out 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 diagno-
sis. 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 re-
sults. 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 chil-
dren 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 af-
fected patients may be treated by the same protocol used for
acute/simple appendicitis. Obtaining an intraoperative peri-
toneal 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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