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\ only marginally decreasing sensitivity. /

WHAT’S KNOWN ON THIS SUBJECT: Currently, the false-positive
rate of appendicitis in children is =5%. Abdominal imaging and
blood tests (particularly leukocytosis) help minimize the negative
appendectomy rate, but appendicitis is not always associated
with an elevated white blood cell count.

WHAT THIS STUDY ADDS: Reducing the threshold of leukocytosis
as a criterion for appendicitis to 8000 to 9000 white blood cells
per uL improves specificity (negative appendectomy: <1%) while

BACKGROUND: Despite increased utilization of laboratory, radiologic
imaging, and scoring systems, negative appendectomy (NA) rates in
children remain above 3% nationwide. We reviewed the clinical data
of patients undergoing appendectomy to further reduce our NA rate.

METHODS: A retrospective review was conducted of all appendecto-
mies performed for suspected appendicitis at a tertiary children’s
hospital during a 42-month period. Preoperative clinical, laboratory,
and radiographic data were collected. Variables absent or normal in
more than half of NAs were further analyzed. Receiver operating
characteristic curves were constructed for continuous variables by
using appropriate cutoff points to determine sensitivity and false-
positive rates. The results were validated by analyzing the 12
months immediately after the establishment of these rules.

RESULTS: 0f 847 appendectomies performed, 22 (2.6%) had a patholog-
ically normal appendix. The only variables found to be normal in more
than half of NAs were white blood cell (WBC) count (89%) and neutro-
phil count (79%). A receiver operating characteristic curve indicates
that using WBC cutoffs of 9000 and 8000 per wl yielded sensitivities
of 92% and 95%, respectively, and reduction in NA rates by 77% and
36%, respectively. Results observed in the subsequent 12 months
confirmed these expected sensitivities and specificities.

CONCLUSIONS: Absence of an elevated WBC count is a risk factor for
NA. Withholding appendectomy for WBG counts <9000 and 8000 per
L reduces the NA rate to 0.6% and 1.2%, respectively. Missed true
appendicitis in patients with normal WBC counts can be mitigated by
a trial of observation in those presenting with early symptom onset.
Pediatrics 2014;133:e39—e44
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Appendicitis is one of the most com-
mon acute surgical emergencies in
the pediatric population. The natural
progression from acute inflammation
to perforation and peritonitis typically
occurs over a period of a few days.!
Ideally, appendicitis should be di-
agnosed and treated before rupture
occurs, while limiting the number of
false-positive cases. Because no single
test orclinical finding is 100% reliable,
and because peritonitis has been tra-
ditionally associated with significant
morbidity and mortality, the emphasis
has always been on maximizing sen-
sitivity. Classic teaching recommends
a negative appendectomy (NA) rate of
9% to 15%,2 given the relative safety of
a negative exploration and the dire
consequences of missing true appen-
dicitis.34 This concept has endured
for decades, even though modern
surgical care (including the routine
use of antibiotics) has dramatically
reduced the morbidity of advanced
appendicitis.

The most recent reports quote NA rates
below 5%.58 Given the prevalence of
this disease in children, this rate still
represents a large number of un-
necessary operations, pain, discom-
fort, disruption of families’ lives, and
increased health care costs. A negative
exploration also exposes the patient to
a small, but real, risk of postoperative
complications. Herein, we analyze all
NAs at our institution over the past 5
years, to detect common character-
istics that, in the future, might further
decrease our false-positive rate.

METHODS

We reviewed all children (<18 years of
age) who underwent an open or lapa-
roscopic appendectomy for suspected
appendicitis at Hasbro Children’s Hos-
pital from 2009 to 2013. All patients had
aclinical suspicion of appendicitis, and
most (but not all) had undergone a con-
firmatory imaging test (ultrasonography,
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computed tomography [CT], or MRI).
Patients undergoing elective, incidental,
or interval appendectomy were ex-
cluded. Preoperative clinical, laboratory,
and imaging data were collected for
each patient. Clinical data included de-
mographic characteristics (age, gen-
der), associated medical conditions,
duration of symptoms, fever, presence
of anorexia, nausea/vomiting, migration
of pain to the right iliac fossa, tender-
ness, rebound tenderness, and other
signs of peritonitis. Where possible, the
preoperative variables were used to
calculate the Alvarado score’ (migra-
tory pain to, and tenderness in, the right
iliac fossa; anorexia; nausea/vomiting;
fever; leukocytosis; and neutrophilia).
This score is typically used as a screen-
ing tool and determines whether ap-
pendicitis is unlikely, possible, or likely.

Recorded details of the ultrasound ex-
amination, when performed, included
visualization and size of the appendix,
compressibility, hyperemia, presence
of an appendicolith, periappendiceal
inflammation, presence of peritoneal or
pelvic fluid, lymphadenopathy, pres-
ence of “tip” appendicitis, and attend-
ing radiologist.

Discrepancies between clinical and
radiographic impressions, or between
2 imaging tests, were recorded. Oper-
ative reports were reviewed for final
clinical diagnosis and findings at op-
eration. A definitive diagnosis of ap-
pendicitis was based on the pathology
report.

Patients who underwent NAs between
2009 and 2012 were analyzed to de-
termine possible correlations with pre-
operative clinical, laboratory, and
radiographic data. Discrete variables
(ie, true/false) that were absent or
normal in >50% of NAs were further
analyzed and compared against true
appendectomies (TAs). For continuous
variables (ie, leukocytosis), a receiver
operating characteristic (ROC) curve
was constructed. The area under the

curve (AUC) was calculated and ap-
propriate cutoff points were identified
to determine the sensitivity and false-
positive (1-specificity) rates.

The records of patients undergoing an
appendectomy in the 12 months after
this analysis (January through De-
cember 2012) were then analyzed to
validate the established rules. This
study was approved by the Rhode Island
Hospital Institutional Review Board.

RESULTS

Eight hundred forty-seven pediatric
patients presented to our pediatric
emergency department and underwent
an appendectomy for presumed ap-
pendicitis between 2009 and 2012. Of
those, 22 were found to have a patho-
logically normal appendix, an NA rate of
26%. Eight hundred and twenty-five
appendectomies had pathologic find-
ings consistent with acute (568, or 69%)
or perforated (257, or 31%) appendi-
citis, a TA rate of 97.4%.

Age attime of presentation ranged from
1to 16 years. The median age in the NA
group was 12.6 years, which was not
significantly different from the TA
group. There was an even distribution
of NA across both genders (11:11).
Alvarado scores inthe NA group ranged
from 0 to 7 (likely appendicitis), with
a median score of 3.5. Temperature at
time of presentation ranged from 36.2°C
t0 38.9°C. Seventeen of 22 patients had
a documented duration of symptoms
at presentation; 10 of 17 (59%) had
symptoms for <24 hours. In the TA
group, 46% had symptoms for <24
hours. Nineteen of 22 NAs also had ra-
diographic studies (either CT or ultra-
sonography or both). Findings are
listed in Table 1.

A white blood cell (WBC) count was
obtained in all patients who underwent
appendectomies, either at our facility
or at the referring hospital. Elevated
WBC was defined as >11500 per ul.
WBC count and percentage neutrophils
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TABLE 1 Ultrasound and CT of Abdomen and
Documented Findings in NAs

Findings Number
Appendicolith only 2
Appendix not visualized 3
“Tip” enlarged/inflamed 5
Inconclusive 2
Enlarged appendix with focal 5
inflammation
Normal visualized appendix 2

were the only variables found to be
normal in more than half of NAs. A
normal neutrophil count (<75%) was
present in 79% of NAs; WBC count was
normal in 89% of the 22 patients with
NAs. Of these, 17 of 22 (77%) had a WBC
count of <9000 per uL and 8 (36%) had
a WBC count of <8000 per wl. (In
contrast, 68 of 825, or 8.2%, of TAs had
a WBG count of <9000 per ul, and 43,
or 5.2%, had a WBC count of <8000
per wl.) From these findings, 2 ROC
curves were constructed (Fig 1). The
axis in Fig 1 represents the false-
positive rate (1-specifity), expressed
in percentage of the originally ob-
served rate of 2.6%. The ordinate rep-
resents the sensitivity of WBG count
as atest, expressed as a percentage of
all true appendicitis cases. Thus, a
sensitivity <100% signifies that, based
on the chosen WBC cutoff value, some

Sensitivity (%)

100 9.0

patients with appendicitis would have
been missed had the decision not to
operate been made on the WBC count
alone. The first curve (solid line, Fig 1)
represents all patients. The second one
(dashed line) represents patients with
a >24-hour history of symptoms (46%
of TAs with a normal WBC count had
symptoms for <1 day).

Using a WBC threshold of 9000 per ul
(anything below 9000 per wlL was con-
sidered not to be appendicitis) reduced
the sensitivity to 92% (95% confidence
interval [Cl]: 90%—93%) and the NA rate
by 77% (95% Cl: 56%—90%). Using
a WBC threshold of 8000 per uL would
have yielded a sensitivity of 95% (95%
Cl: 93%—96%) while reducing the orig-
inal NA rate by 36% (95% Cl: 20%—57%).
When cases of TA with symptoms for
<24 hours were excluded, the sensi-
tivities improved for each of the re-
spective specificities. With a WBC
threshold of 9000 per wL, the sensitivity
increased from 92% to 95% (95% Cl:
92%—97%) for the same false-positive
rate. With a WBC threshold of 8000 per
L, the sensitivity increased to 96%
(95% Cl: 94%—98%) for the same false-
positive rate. The AUCs were 0.86 and
0.87 for the entire group and the
>24-hour group, respectively.

WBC cutoff value

90 4
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FIGURE 1

40

60 80 100
% of original false-positive rate

ROC curve for leukocytosis (WBC count) in the diagnosis of appendicitis. WBC cutoff values (X 1000 per
L) indicate percentage of original sensitivity and false-positive rates. Solid line: all patients. Dashed
line: restricted to patients with symptoms for >24 hours. See text for details.
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In the 12-month period immediately
after this analysis and the establish-
ment of the ROC curves (expected val-
ues), 204 patients underwent an
appendectomy (observed values). Two
patients had an NA (0.98%). Their WBC
counts on admission were 6400 and
8200 per ul respectively. During that
same period, 18 patients with true appen-
dicitis had a WBC count <9000 per wl.
In 6 of those patients, the WBC was
<8000 per ulL. Four of those patients
were found to have perforated appen-
dicitis. In all 4, both the presentation
and the diagnosis were delayed.

Thus, none of the 2 observed false-
positive appendectomies had a WBC
count >9000 per wlL and only one had
a WBC >8000 per ulL, yielding false-
positive rates of 0% and 0.5%, re-
spectively, which was not statistically
different from the expected values of
0.6% and 1.6%, respectively (P= .56 and
0.71, respectively; x? analysis for 2 X 2
tables). The observed sensitivities at
WBC cutoffs of 9000 and 8000 were 91%
(95% Cl: 86%—94%) and 97% (95% Cl:
94%—-99%), respectively, which was not
statistically different from expected
values 0f 92% (P=.74) and 95% (P= .27),
respectively.

DISCUSSION

The classic presentation of acute ap-
pendicitis has been well described for
manyyears, andthe diagnosis can often
be made on clinical grounds alone.
Appendicitis remains an acute surgical
problem, but advances in surgical care
and the availability of antibiotics have
made it less of an emergency. Some
patients, such as children under 3
years, the elderly, and those with sig-
nificant comorbidities, are at a higher
risk of complications. Furthermore, the
morbidity and increased costs of per-
forated appendicitis are not in-
significant. However, the mortality of
appendicitis is virtually zero today.8? In
addition, much progress has been
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made in medical imaging. Ultrasonog-
raphy, CT, and MRI, although not in-
fallible, have greatly enhanced our
diagnostic accuracy in appendicitis.'®-12
In recent years, there has therefore
been an increased awareness that un-
necessary appendectomies, and their
inherent, pain, discomfort, and cost,
should be avoided as much as possible.
The current literature reveals NA rates
at other institutions ranging from 3% to
11%,561314 in keeping with our own NA
rate of 2.6% (before implementation of
the current recommendations).

The suspicion of appendicitis relies
on constellation of signs, symptoms,
and ancillary findings that have been
combined into a variety of scoring
systems. The most commonly used one
is the Alvarado score,” also known
as MANTRELS,'> which weighs heavily
toward the typical signs of localized
peritonitis and an abnormal leukocy-
tosis and differential. The higher the
score, the higher the likelihood of ap-
pendicitis, which helps in decision-
making regarding patient discharge,
further investigations, observation, or
surgical intervention. A recent sys-
tematic review of the Alvarado score
confirmed that it is more appropriate
as a triage tool than as a definitive di-
agnostic tool. A score <5 points was
94% to 99% sensitive in “ruling out”
appendicitis. However, the data analy-
sis did not support it as a “rule in” for
surgery.’8 The Pediatric appendicitis
score, which is similar to the Alvarado
score, revealed similar flaws: if applied
to the decision to operate, it would
have led to an NA rate of 12.9% in 1
study.'” Scoring systems that do not
include laboratory variables and that
are solely based on history and physi-
cal findings prove even worse, with NA
rates as high as 17%.18

With the addition of imaging studies in
diagnosing acute appendicitis, the NA
rates in the literature have improved
greatly over the past 2 decades.® The
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modalities that are currently used
most are CT and ultrasonography. In
addition, MRI is also available but is as
yet mostly limited to a second- or third-
line study.’™ The current literature
suggests that CT has better diagnostic
accuracy, with sensitivities of ~94%.20
The disadvantage of CT, especially in
the pediatric population, is primarily
related to ionizing radiation. Ultra-
sound has been shown to be slightly
less accurate than CT overall, with
sensitivities of 88%.20 It is operator-
dependent and may be more difficult
to interpret by someone who did not
personally perform the test. Ultraso-
nography has gained in popularity in
the pediatric population, primarily be-
cause it involves no radiation exposure.
In experienced centers, and in patients
with a lean body habitus, accuracy
mirrors or exceeds that of CT.10.17 At our
hospital, ultrasonography is the pri-
mary imaging modality used to confirm
the diagnosis of acute appendicitis,
and >50% of patients undergo this
examination. Anecdotal reports of a
false-positive ultrasound still arise;
however, a review of our NA cases over
the past 4 years failed to identify a
specific finding (or a particular oper-
ator) that would increase the suspicion
of a false-positive result (Table 1).

After reviewing all NA cases at our in-
stitution in the past 4 years, we found
clinical variables equally unhelpful in
identifying false-positives. Details of the
history and physical examination were
comparable to those in patients with
true appendicitis. The findings of
a normal WBC count and a normal dif-
ferential inthe majority of patients who
underwent NA was the only significant
variable.

Leukocytosis is a supportive laboratory
finding in the diagnosis of acute ap-
pendicitis, bothinadults and children. A
review of the literature reveals that the
sensitivity and specificity of WBC counts
range from 70% to 80% and 60% to 68%,

respectively.2'-25 However, 1 study re-
ported that as many as 20% of pediat-
ric patients with pathologically proven
appendicitis had a normal WBC count.26
Our series revealed similar findings,
with a small subset of patients with
appendicitis without leukocytosis.
Some of these patients had symptoms
for <1 day, and it might be assumed
that a number of those would have
shown an increased WBGC count upon
repeat testing. Of patients without ap-
pendicitis in our series, the vast ma-
jority had a normal WBC count. An
abnormal differential (“left shift”) is
believed by some to be more sensitive
than the absolute WBC count. In our
experience, however, an elevated neu-
trophil count was present in 21% of
NAs, compared with a leukocytosis
finding of only 11%. Because the spec-
ificity of a WBC count was superior to
that of the neutrophil count, we further
evaluated the value of leukocytosis
only.

Rather than using leukocytosis as a di-
chotomous value (present or absent,
with a cutoff at 11500 per ul), we
chose to treat WBG count as a continu-
ous variable to determine its perfor-
mance as its discrimination threshold
was changed. Our results indicate that
WBC count performs well as a continu-
ous variable, with an AUC of 0.86 and
a clear change in the slope of the tan-
gent (likelihood ratio) between 9000
and 10000 per ul. Of course, the rel-
ative paucity of NA patients (22 of >800
appendectomies) resulted in a some-
what jagged ROC curve. Nevertheless,
the validation portion of this study
suggests that a cutoff of ~8000 to 9000
per ul significantly improves di-
agnostic accuracy. By using 9000 per
ul as a cutoff in our series, the false-
positive rate of appendicitis could have
been further reduced from an already
low 2.6% to 0.6%, but it would have
decreased the sensitivity to 92% of its
current value (ie, we would have failed
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to operate on 8% of patients with ap-
pendicitis). Using 8000 per ul as a cut-
off value would have yielded a slightly
higher false-positive rate, 1.2%, but with
a 95% sensitivity.

If we accept that early appendicitis
poses only minimal risk of perforation,
it is reasonable to observe some
patients overnight. Doing so while using
the same admission WBC cutoffs of 9000
and 8000 per ul, we would have
obtained false-positive rates of 0.6%
and 1.2% respectively, with respective
sensitivities of 95% and 96%. It is im-
portant to note that this degree of ac-
curacy was calculated after all other
clinical and imaging variables had al-
ready suggested appendicitis. WBC
count cannot reasonably be used as
the sole determinant of acute appen-
dicitis at the exclusion of all others, and
it certainly does not replace clinical
judgment. However, a WBGC count
<8000 to 9000 per ulL in a child who
has had symptoms for <24 hours
merits a period of observation, pro-
vided there are no signs of advanced
disease.

Inthe validation portion of our study, we
applied the above principles and were
able to further reduce our NA rate. By
using a threshold of 9000 per ul we
lowered our false-positive rate to
0.98% (2 NAs out of 204 appendecto-
mies in 2012). By using WBC count
alone, we would have decreased the
sensitivity to 91% (18 of 204 patients
had a WBC count <9000 per ul).
However, other factors (clinical and
imaging findings) helped make the
correct diagnosis of appendicitis in all
but 4 of these 18 patients, for a true
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