
Antibiotic Administration Can Be an Independent Risk Factor
for Therapeutic Delay of Pediatric Acute Appendicitis

Osamu Nomura, MD,* Akira Ishiguro, MD, PhD,* Takanobu Maekawa, MD,* Akira Nagai, MD, PhD,*
Tatsuo Kuroda, MD, PhD,Þ and Hirokazu Sakai, MD, PhD*

Objectives: Little is known about the relationship between prior treat-
ment with antibiotics and delay of diagnosis and treatment in pediatric
acute appendicitis (AA). We have defined a situation requiring more than
48 hours from the onset of symptoms to surgery in pediatric AA as
‘‘therapeutic delay.’’ The aim of this study was to investigate the risk fac-
tors contributing to therapeutic delay in pediatric AA.
Methods: We conducted a retrospective chart review of AA children
operated on between 2003 and 2008 at tertiary-care pediatric and peri-
natal hospitals. Univariate and multivariate logistic regressions were
analyzed to determine independent risk factors of therapeutic delay in
pediatric AA.
Results: The duration between the onset of symptoms and surgery was
more than 48 hours (therapeutic delay) in 50 patients (25%, group A) and
48 hours or less in 151 patients (75%, group B). The patients in group A
had a significantly higher frequency of diarrhea (48% vs 12%; P G

0.0001). The percentages of children who had previously received anti-
biotics were more frequent in group A (46% vs 8%; P G 0.0001). The
median C-reactive protein levels (72 vs 7 mg/L; P G 0.0001) and fre-
quency of perforation (60% vs 13%; P G 0.0001) were statistically sig-
nificantly higher in group A. A multivariate analysis demonstrated that
the independent risk factors of therapeutic delay were history of receiv-
ing antibiotics (odds ratio [OR], 5.8; 95% confidence interval [CI],
2.3Y15.5), diarrhea (OR, 5.2; 95% CI, 2.1Y13.1), and elevated C-reactive
protein levels (OR, 4.5; 95% CI, 1.9Y10.8).
Conclusions: Prior treatment with antibiotics was an independent
risk factor for therapeutic delay in pediatric AA.
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In children, acute appendicitis (AA) is the most common cause
of acute abdomen requiring emergency surgery.1 It is more

difficult to diagnose in children than in adults. Mistaken diag-
nosis and therapy in children between 6 and 17 years of age
with AA frequently result in litigation against emergency phy-
sicians.2,3 Although AA should have a favorable outcome, the
delay in diagnosis can lead to perforated appendicitis, increased
morbidity, complications, and length of hospital stay.4

Many previous studies have revealed risk factors of perfo-
ration in children, with more than a 36- to 48-hour delay of
diagnosis after AA onset, including diffuse abdominal tender-
ness, elevated white blood cell (WBC) counts or C-reactive

protein (CRP) levels, and abscess or fecalith formation on ra-
diological findings.5Y10 However, the reasons for the delay in
diagnosis and treatment of AA in children have not been clari-
fied. We have defined a situation requiring more than 48 hours
from the onset of symptoms to surgery in pediatric AA as
‘‘therapeutic delay’’ and sought to investigate the risk factors
associated with it.

METHODS

Setting
The National Center for Child Health and Development is a

tertiary-care pediatric and perinatal hospital in Tokyo. Approx-
imately 35,000 children annually visit the emergency depart-
ment (ED) of the hospital. Emergency department physicians, a
radiologist, a surgeon, and anesthesiologists are on duty 24 hours
a day.

Patients
The study enrolled 201 children, aged 2 to 17 years, who

visited our ED and received emergency appendectomy between
March 2002 and April 2008. We divided the patients into the
following 2 groups according to the duration from onset to sur-
gery: group A (948 hours) and group B (e48 hours).

Acute appendicitis was clinically diagnosed based on phys-
ical examinations by surgeons and ultrasonographic findings by
radiologists. Computed tomography (CT) was conducted in 49
cases. Definitive diagnosis was made according to operative and
pathological findings.

Data Collection
This retrospective study was approved by the ethical com-

mittee of our hospital. We extracted the following information
from medical records: patient characteristics (age and sex), med-
ical history (presence or absence of abdominal pain, diarrhea, and
vomiting), the day of presentation (weekday or weekend), antibi-
otic administration, physical findings, blood test results (WBC
counts and CRP levels), diagnostic imaging findings, operative
and pathological findings, duration of symptoms (from onset to
surgery), and outcomes after operation (complications and length
of hospital stay). When patients visited the ED more than once
before surgery, data from the final visit were analyzed. The time of
day when a physician initially examined a patient was precisely
noted. The exact time of operation was determined from the sur-
gical records.

All patients were examined by ultrasonography. Computed
tomography scan was performed only when the appendix was not
identified or intra-abdominal abscess was suspected after ultra-
sonography. Perforation of the appendix and abscess were deter-
mined through surgical operation and pathological examinations.

Statistical Analysis
Data were analyzed using JMP7 (SAS Institute Inc, Cary,

NC). In univariate analysis, continuous variables were compared
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by the Mann-Whitney test, and categorical variables by W
2 anal-

ysis. A logistic regression was used to determine independent
risk factors of therapeutic delay. The variables that were consid-
ered clinically important or proven to significantly correlate with
therapeutic delay in univariate analysis were entered into the re-
gression model for a multivariate analysis. Continuous variables
were converted to categorical variables by using a cutoff point that
maximized the Youden index. The Youden index yields the value
that maximizes the sensitivity and specificity of any continuous
variable, enabling choice of an appropriate cutoff point for di-
chotomization. Odds ratios were corrected to approximate relative
risks using the Zhang method of correction. In addition, we con-
ducted univariate analysis again, concerning the risk factor that
was determined through multivariate analysis.

RESULTS
A total of 201 consecutive patients aged 2 to 17 years

who received appendectomy were studied. Table 1 summarizes
patient demographic characteristics, symptoms, and clinical find-
ings. There were 50 patients (25%) whose duration of symptoms
was more than 48 hours (group A) and 151 patients (75%) whose
duration of symptoms (the duration from onset to surgery) was
48 hours or less (group B).

There was no statistical difference in the male-female ratio
or the day of presentation, but the patients in group A were
significantly younger than those in group B (median age, 9 vs
11 years; P = 0.0094). The frequency of abdominal pain was
similar in both groups, but the frequency of diarrhea was higher
in group A (48% vs 12%; P G 0.0001). The number of children
who had previously received antibiotics was also significantly
higher in group A (46% vs 8%; P G 0.0001). As for laboratory
examinations, there was no difference in the median WBC
counts, but the median CRP level was significantly higher in
group A (72 vs 7; P G 0.0001). In the surgical findings, the
frequency of perforation (60% vs 13%; P G 0.0001) and abscess
formation (44% vs 3%; P G 0.0001) was significantly higher in

group A. As clinical outcomes, the incidence of postoperative
complications was higher in group A (22% vs 7%; P = 0.0075),
and the average length of hospital stay in group A (median,
9 days) was significantly longer than that in group A (6 days;
P G 0.0001).

The multivariate model found having initially received
antibiotics, presence of diarrhea, and elevated CRP levels were
the risk factors independently associated with therapeutic delay
with statistical significance.

We further analyzed the influence of the most significant
factor (ie, history of receiving antibiotics) by dividing patients
into the following 2 groups: group C (having received anti-
biotics) and group D (no history of antibiotic treatment). The
patients in group C were significantly younger and contained
more girls than group D (median, 9 vs 11 years; P = 0.01).
Although the frequency of abdominal pain and peritoneal signs
was similar in both groups, the frequency of diarrhea was sig-
nificantly higher in group C (41% vs 16%; P = 0.0025). The
median CRP level was significantly higher in group C (mean,
7.4 vs 0.9; P G 0.0001), although there was no difference in
median WBC count between the 2 groups. The number of
patients whose appendix could not be identified by ultraso-
nography and who received CT scan was significantly larger in
group C (44% vs 20%; P = 0.0045). Moreover, the occurrence
of perforated appendicitis (50% vs 19%; P = 0.0004) and ab-
scess formation (41% vs 7%; P G 0.0001) was higher in group
C. Overall, duration of symptoms (median, 56 vs 25 hours;
P G 0.0001) and length of hospital stay (median, 9 vs 6 days;
P = 0.0015) were longer, and the postoperative complication rate
was higher in group C (27% vs 7%; P = 0.0014) (Tables 2 and 3).

DISCUSSION
We set out to determine whether antibiotic administration

before definitive diagnosis and history of diarrhea are possible
risk factors for therapeutic delay in AA children. Some previous
studies have suggested that a history of diarrhea may be a risk

TABLE 1. Characteristics of Patients With AA

Group A
948 h (n = 50)

Group B
e48 h (n = 151)

Total
(n = 201) P

Male 27 (54) 95 (62) 122 (60) 0.3166
Median age, y 9 (3Y15) 11 (2Y17) 11 (2Y17) 0.0094
ED visits on weekend 9 (18) 31 (20) 40 (19) 0.8387
Abdominal pain as a primary symptom 42 (84) 140 (92) 182 (90) 0.0918
Diarrhea 24 (48) 18 (12) 42 (21) G0.0001
Vomit 33 (66) 90 (60) 123 (61) 0.5045
Prior treatment with antibiotics 23 (46) 13 (8) 36 (17) G0.0001
RLQ pain 27 (54) 91 (60) 118 (58) 0.5080
RLQ tenderness 37 (74) 128 (84) 165 (82) 0.0925
Peritoneal sign 43 (86) 137 (90) 180 (89) 0.4228
Median WBC count, �109/L 14 (3.2Y24.2) 15 (6.8Y27.7) 15 (3.2Y27.7) 0.2795
Median CRP, mg/L 72 (0Y360) 7 (0Y23) 1.2 (0Y360) G0.0001
Appendix enlargement in US 37 (74) 127 (84) 164 (81) 0.1397
Rupture 30 (60) 20 (13) 50 (24) G0.0001
Intra-abdominal abscess 22 (44) 6 (3) 28 (13) G0.0001
Gangrenous appendicitis 31 (62) 54 (35) 85 (42) 0.0016
Complication 11 (22) 11 (7) 22 (10) 0.0075
Duration of hospital stay, d 9 (4Y28) 6 (4Y19) 7 (4Y28) G0.0001

Values are numbers (%) or median (range).

RLQ indicates right lower quadrant; US, ultrasonography.
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factor for diagnostic delay of AA in children. We additionally
found that prior treatment with antibiotics was also a risk factor
for therapeutic delay.

The prescription of antibiotics for pediatric outpatients in
Japan differs fundamentally from patterns in other countries. In
Japan, primary care physicians tend to frequently prescribe
antibiotics for febrile pediatric patients. This is considered to be
due to the Japanese nationwide insurance system, under which
everyone has generally affordable access to antibiotic medica-
tion.11 In addition, the O-157 outbreak in 1996 might be related
to the antibiotic overprescription for children with diarrhea.12

Although a few studies have suggested some relationship
between prior treatments with antibiotics and clinical diagnostic
delay of AA, therapeutic delay has not been investigated. All
of our patients received surgical treatment; therefore, diagnosis
of AA was defined by pathological examinations of surgical
specimen. Thus, the diagnosis of AA in this study can be more
definitive than that of the previous studies. Taken together, the
finding of this study can overcome the uninvestigated aspects
of previous studies.13Y17

We believed there were several reasons why prior treat-
ment with antibiotics became a risk factor of therapeutic delay
in pediatric AA. First, misdiagnosis of appendicitis could be
considered. In the present study, children receiving antibiotics
showed significantly higher frequency of diarrhea than did chil-
dren not receiving antibiotics. It was difficult to distinguish
whether children with preexisting diarrhea received antibiotics, or
children had diarrhea because of antibiotics, because this study
was a retrospective trial. However, several investigators have
reported that acute gastroenteritis diarrhea is the most common
misdiagnosis of AA. The presence of gastroenteritis evokes di-
arrhea, which may lead to misdiagnosis and diagnostic delay in
AA children.13Y15 This study was conducted in a tertiary hospital,
and most patients visited our ED after they had visited primary
care clinics. The duration from the symptomatic onset to the ED
visit was significantly longer, and the time to physician’s referral
or to the patient’s ED visit was longer, in children receiving
antibiotics. As a result, these atypical clinical courses caused a
situation in which further laboratory or imaging studies and active
observation with AA in mind were difficult to perform.16

The second possible reason was that antibiotics blunted
the clinical signs of appendicitis. Some studies about diagnos-
tic delay reported that the children receiving antibiotics pres-
ent nonspecific symptoms and poorly localized signs, which
delays diagnosis and leads to higher perforation and complica-
tion rates.17Y21 Furthermore, many studies comparing AA with
perforation and without perforation reported differences in lab-
oratory results (significantly elevated WBC count and CRP in
perforated appendicitis), as well as clinical symptoms (iliac pain
and peritoneal signs).4Y10,22 In our study, higher CRP levels were
also observed in children receiving antibiotics, which strongly
correlated with the higher incidence of gangrenous appendi-
citis and perforated appendicitis in children receiving antibi-
otics. However, there were no differences in clinical symptoms
or signs (iliac pain and peritoneal sign) between children re-
ceiving antibiotics and those not receiving antibiotics. We
therefore speculated that modification and even obfuscation

TABLE 3. Comparison of Patients Between With and Without Prior Treatment With Antibiotics

Group C With Antibiotics
(n = 36)

Group DWithout Antibiotics
(n = 165) Total (n = 201) P

Median age, y 9 (4Y17) 11 (2Y13) 11 (2Y17) 0.0100
Male 16 (44) 106 (64) 122 (60) 0.0376
Diarrhea 15 (41) 27 (16) 42 (21) 0.0025
RLQ pain 21 (58) 97 (58) 118 (58) 1.0000
Peritoneal sign 34 (94) 146 (88) 180 (89) 0.3796
RLQ tenderness 30 (83) 135 (81) 165 (82) 1.0000
Median WBC count, �109/L 13 (3.4Y25) 15 (3.2Y27) 15 (3.2Y27.7) 0.2163
Median CRP, mg/L 74 (0Y190) 9 (0Y360) 12 (0Y36) G0.0001
Identification of appendix in US 21 (58) 143 (86) 164 (81) 0.0002
CT 16 (44) 33 (20) 49 (24) 0.0045
Rupture 18 (50) 32 (19) 50 (24) 0.0004
Intra-abdominal abscess 15 (41) 13 (7) 28 (13) G0.0001
Gangrenous appendicitis 24 (66) 61 (36) 85 (42) 0.0014
Complications 10 (27) 12 (7) 22 (10) 0.0014
Duration of hospital stay, d 9 (24) 6 (4Y28) 7 (4Y28) 0.0015
Duration from onset to ED visit, h 47 (2Y435) 14 (0.5Y240) 17 (0.5Y435) G0.0001
Duration from onset to surgery, h 56 (8Y215) 25 (6Y646) 27 (6Y646) G0.0001

Values are numbers (%) and median (range).

RLQ indicates right lower quadrant; US, ultrasonography.

TABLE 2. Adjusted Risk of Therapeutic Delay

Characteristics Odds Ratio
95% Confidence

Interval P

Prior treatment with
antibiotic

5.8 2.3Y15.5 G0.01

Diarrhea 5.2 2.1Y13.1 G0.01
CRP 950 mg/L 4.5 1.9Y10.8 G0.01
Age G6 y 1.1 0.3Y3.5 0.82
Abdominal pain as a
primary symptom

0.8 0.2Y3.4 0.83

RLQ tenderness 0.4 0.1Y1.2 0.12

RLQ indicates right lower quadrant.
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of the clinical findings of appendicitis by antibiotics, which
have been discussed in previous studies,18Y21 might have been
involved in the present cases.

The third reason was related to the difficulty of diagnostic
imaging. Children receiving antibiotics showed lower rates of
ultrasonographic appendix identification and required signifi-
cantly more CT scans than did children not receiving antibi-
otics. This might be because children receiving antibiotics had a
higher incidence of appendix perforation and abscess forma-
tion.When the appendix was perforated and abscess was formed,
identification of the appendix by ultrasonography becomes dif-
ficult. Furthermore, advanced perforated appendicitis showed
clinical symptoms more representative of acute abdomen than
AA, and the patients were required to be investigated by CT scan
to determine the causes of acute abdomen. Children receiving
antibiotics consequently required more imaging studies to es-
tablish a diagnosis of appendicitis.

Many risk factors related to perforation in pediatric ap-
pendicitis have been reported, and duration of symptoms for
more than 36 to 48 hours (ie, therapeutic delay) has been iden-
tified as one of the important risk factors.6,8,9,23 To the best of
our knowledge, this is the first study that has investigated the
risk factors of therapeutic delay and suggested that prior treat-
ment with antibiotics is an independent risk factor, using uni-
variate and multivariate analyses. The 3 reasons discussed above
might be complexly intertwined in the background of therapeutic
delay. We propose that it is important for physicians to consider
the history of antibiotic therapy when children present clinical
signs and symptoms of possible AA.

This study has some limitations. This was a retrospective
study conducted in a tertiary-care pediatric hospital, and all
patients were surgically treated cases. This may limit the gen-
eralizability of our findings. In addition, severe cases could be
referred from other hospitals or clinics to our hospital intensively,
and antibiotics could be used selectively in severe cases. Thus, it
cannot be denied that antibiotics might be a confounding factor.
Multicenter prospective studies are needed to eliminate these
limitations.

In conclusion, we suggest that prior treatment with anti-
biotics is an independent risk factor of therapeutic delay in pe-
diatric AA. Therefore, all pediatric physicians should investigate
prior treatment with antibiotics when considering AA as a dif-
ferential diagnosis. If a child is on antibiotics, close observation
and further investigation should be performed.
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