
Journal of Surgical Research 173, 16–20 (2012)
doi:10.1016/j.jss.2011.04.046
ASSOCIATION FOR ACADEMIC SURGERY

Pediatric Negative Appendectomy Rate: Trend, Predictors, and Differentials

Tolulope A. Oyetunji, M.D., M.P.H.,*,1 Sharon K. Ong’uti, M.D., M.P.H.,†
Oluwaseyi B. Bolorunduro, M.D., M.P.H.,‡ Edward E. Cornwell III, M.D.,*

and Benedict C. Nwomeh, M.D., M.P.H.§

*Department of Surgery, Howard University College of Medicine, Washington DC; †Howard-Hopkins Surgical Outcomes Research
Center, Howard University College of Medicine, Washington DC; ‡Department of Medicine, Howard University College of Medicine,

Washington DC; and §Department of Surgery, Division of Pediatric Surgery, Ohio State University College of Medicine, Columbus, Ohio

Originally submitted January 8, 2011; accepted for publication April 21, 2011
Background. Appendectomy is one of the most com-
monly performed emergency operations in children.
The diagnosis of appendicitis can be quite challenging,
particularly in children. We set out to determine the
accuracy of diagnosis of appendicitis by analyzing
the trends in the negative appendectomy rate (NAR)
using a national database.
Materials and Methods. Analysis of the Kids Inpa-

tient Database (KID) was performed for the years
2000, 2003, and 2006 on children with appendectomy,
excluding incidental appendectomies. Children
(<18 y) without appendicitis but who underwent ap-
pendectomies were classified as negative appendecto-
mies (NA), and those with appendicitis as positive
appendectomies (PA). Comparisons were made be-
tween those with PA versus NA by demographic char-
acteristics. The subset of patients with NA was then
further analyzed.
Results. An estimated 250,783 appendectomies met

the inclusion criteria. The NAR was 6.7%. Length of
stay (LOS) was longer in NA versus PA (7 versus 3 d,
P < 0.05). The NAR was increased in children under
5 y (21.1% versus 5.4% for among the 5–10 y versus
5.9% among the >10 y, P < 0.0001) and in females
(9.3% versus 5.1%, P < 0.001). On multivariate analy-
sis, increasing age was associated with lower odds of
NA (OR [ 0.92, P < 0.001). Females, rural hospitals,
and Blacks were significantly more likely to experi-
ence NA.
Conclusions. Younger age, female gender, Black

ethnicity and rural hospitals are independent predic-
tors of NA. These factors can be incorporated into di-
agnostic algorithms to improve the accuracy of
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INTRODUCTION

Appendectomy is one of the most commonly per-
formed emergency operations in children [1]. The diag-
nosis of acute appendicitis in children, however, can
often be quite challenging due to their variable presen-
tation. Multiple factors contribute to the diagnostic
decisionmaking, includinganunderstanding of the clin-
ical course, physical examination, and ancillary studies.
A false positive diagnosis of appendicitis may lead to an
unnecessary operation, which has been appropriately
termed negative appendectomy (NA).Much research ef-
fort has been directed at reducing the NA rate (NAR),
with particular emphasis on the role of clinical decision
making tools and imaging studies. As a result, there
have been several claims of improvements in the diag-
nostic accuracy of appendicitis [2–6] and accompanied
corresponding decrease in the NA rate [7–9]. However,
further evaluation of these claims using randomized
controlled trials has been equivocal.

Although single hospital-based studies of appendec-
tomies and appendicitis have shown reduced NAR
[10], whether these findings apply to a wider pediatric
population will probably require testing in a multi-
institutional trial. To help assess the potential health-
care costs of NA, we set out to analyze the trend in
NAR and also determine the common diagnosis and
predictors associated with NA using a national
database.
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TABLE 1

Demographic Characteristics of Study Population
n [ 250,873

%

Age categories
<5 y 6
5–10 y 26
>10 y 68

Gender
Male 60
Females 40

Race/ethnicity
White 59
Black 6
Hispanic 27
Asian 2
Native American 1

NACHRI affiliation
Not identified 75.4
CGH 12.0
Children’s unit in GH 12.6

Year
2000 30
2003 35
2006 35

Negative appendectomy 6.7
Deaths 0.04
Patients going to rural hospitals 16
Mean LOS in days 3
Mean hospital total charge ($) 19,171
Mean total charges ($) – NA group 34,125

NACHRI¼National Association of Children’sHospital andRelated
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MATERIALS AND METHODS

This was a 3-y retrospective analysis for the years 2000, 2003, and
2006 using the Kids Inpatient Database (KID) of the Healthcare Cost
and Utilization Project (HCUP). The HCUP is funded by Agency for
Healthcare Research and Quality. The KID database is the only all-
payer inpatient care database for children in the United States and
contains data from 2–3 million hospital discharges from up to 38
states. It is composed of several clinical and nonclinical variables,
including diagnoses, procedures performed, demographic characteris-
tics, total charges, length of stay and hospital level variables.

Included in this analysis were all children< 18 ywho had an appen-
dectomy (International Classification of Disease 9 Clinical Modifica-
tion (ICD 9 CM) procedure codes: 47.01 and 47.09). Excluded were
children with incidental appendectomies as determined by the ICD
9 CM procedure code 47.1. This is to help eliminate confounders as
these children are not expected to have a diagnosis of appendicitis
in all cases. The patients who underwent appendectomy but whose
final diagnosis excluded appendicitis were classified as negative
appendectomies (NA), while those with a diagnosis of appendicitis
were categorized as positive appendectomies (PA). Univariate analy-
sis was performed to describe patient demographic characteristics,
hospital length of stay (LOS), hospital total charges, postoperative
complication rates, and in-hospital mortality. Bivariate analysis
was conducted using Pearson’s c2 for categorical variables and Stu-
dent t-test for continuous variables to compare those with PA versus
NA by demographic characteristics. The subset of patients with NA
was further analyzed to better delineate them by demographics and
commonly coded diagnosis.

National estimates were computed using HCUP assigned weights.
The primary outcome variable was a negative appendectomy. Multi-
variate regression was employed to control for patient level charac-
teristics (age, gender, race, insurance), the year of surgery,
non-metropolitan hospitals, children’s hospital affiliation and trans-
fer to another hospital. Subset analysis of those with NA was then
performed.
Institution; CGH ¼ children’s general hospital; GH ¼ general
hospital.
RESULTS

An estimated 250,783 appendectomies based on pro-
vided national weights met the inclusion criteria. The
mean age was 11.3 y. Majority were males (59.8%)
and White (59.4%). The overall NAR was 6.7%. The
NAR was highest in 2000, followed by 2003 and lowest
in 2006 (8.12%, 6.48%, and 5.18% P< 0.001). The mean
LOS was 3.3 d and was significantly longer in NA
versus PA (7 versus 3 d, P< 0.05) Table 1. Though over-
all mortality was low (4.3 per 10,000 appendectomies),
it was significantly higher in NA versus PA (4 per
1000 versus 1 per 10,000, P < 0.001). The NAR
was also higher in children under 5 y versus 5–10 y
versus >10 y (21.1%, 5.4%, 5.9%, respectively, P <
0.0001) and amongst females compared to males
(9.3% versus 5.1%, P < 0.001) Table 2.

On multivariate analysis, increasing age was associ-
ated with lower odds of NA versus PA (OR ¼ 0.92, P <
0.001). Compared to Whites, Hispanics were 56% less
likely to have a NA diagnosis (OR: 0.44, 95% CI:
0.39–0.48). Females had a 2-fold increase in NA versus
PA (OR: 1.94 95% CI: 1.81–2.07). Rural hospital loca-
tion and Black ethnicity were both 21% significantly
more likely to have a NA Table 3. Children’s general
hospitals (CGH) are less likely to be associated with
NA compared with other general hospitals not identi-
fied as such (Table 3). However, hospitals with chil-
dren’s unit had a 46% increase in odds of NA
compared with regular general hospitals not identified
as having a children’s unit or as CGH (Table 3).

On a subset analysis of children with NA, the top five
primary diagnoses were right lower quadrant abdomi-
nal pain (22.2%), other diseases of the appendix
(16.2%), mesenteric lymphadenitis (12.5%), ovarian
cyst (3.4%), and intussusceptions (3.0%). The leading
diagnoses associated with NA by different age cate-
gories are shown in Table 4. Some primary diagnoses
associated with mortality after NA include septicemia,
digestive neoplasm, perforated gastric ulcer, intussus-
ception, intestinal obstruction, perforated small bowel,
and intestinal fixation. Table 5 delineates the indepen-
dent predictors of charges, LOS and mortality in
patients with NA.
DISCUSSION

This study, using a national database, confirms a
trend toward a decrease in NAR. It also demonstrated



TABLE 2

Bivariate Analysis Comparing Negative to Positive
Appendectomy

Negative
appendectomy%

Positive
appendectomy%

P
value

Year (%)
2000 8.1 91.9 <0.001
2003 6.5 93.5
2006 5.2 94.8

Gender
Males 5.1 94.9 <0.0001
Females 9.3 90.7
Deaths 0.01 0.43 <0.0001
Rural 4.7 95.3 <0.0001
Metropolitan 7.3 92.7

Race
White 7.7 92.3 <0.0001
Black 8.9 91.1
Hispanic 3.9 96.1
Asian 5.4 94.6
Native American 11.1 88.9
Other 5.8 94.2

NACHRI affiliation
Not identified 6.3 93.7 <0.001
CGH 4.5 95.5
Children’s unit in GH 9.6 90.4

NACHRI¼National Association of Children’sHospital andRelated
Institution; CGH ¼ children’s general hospital; GH ¼ general
hospital.
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that NA is independently associated with younger age,
female gender, rural hospitals, and Black ethnicity.
This is the largest retrospective review evaluating the
trends of NAR and its possible associations.
TABLE 3

Multivariate Regression Model of Factors Associated
with a Negative Appendectomy

Odds ratio 95% CI

Age (yearly increase) 0.92 0.90–0.93
Gender

Male Ref.
Female 1.94 1.81–2.07
Metropolitan Ref.
Rural 1.21 1.04–1.22

Race/ethnicity
White Ref.
Black 1.21 1.08–1.36
Hispanic 0.44 0.39–0.48
Asian 0.70 0.58–0.86
Native American 1.34 0.83–2.16
Other 0.69 0.58–0.83

NACHRI affiliation (reference – not
identified)

CGH 0.60 0.47–0.76
Children’s unit in a GH 1.46 1.24–1.73

NACHRI¼National Association of Children’sHospital andRelated
Institution; CGH ¼ children’s general hospital; GH ¼ general
hospital.
With an overall NAR of 6.7%, there was a decreasing
trend in NAR, from 8.1% in 2000 to 5.2% in 2006. Sim-
ilar studies have shown a reduction in NAR, which
were associated with the improvement in diagnostic
modalities. Rao and colleagues from Massachusetts
General Hospital demonstrated a decline in pediatric
NAR from 13% to 7% after the adoption of a standard
appendiceal CT protocol [10–12]. The 5.2% NAR in
2006 represents a total of 4362 appendectomies. The
consequence is unwarranted appendectomies with
an estimated total charge of $148,853,250. While
this rate represented the last available rate from
2006 KID data, recent studies have not demonstrated
a huge change. The NAR reported in recent studies
have varied from 3% to 11% [10–12]. Some studies
suggest that abdominal imaging has not improved
the diagnostic accuracy of appendicitis in children
and that the NAR has remained unchanged even after
the increased utilization of CT scans [13–15]. Further-
more, there has been some concern regarding the risk
of excess radiation exposure [16]. While our findings
do suggest a decreasing trend, we cannot determine
whether this is related to an improvement in clinical
assessment, diagnostic imaging, or other related fac-
tors because the dataset does not include such clinical
details.

This study demonstrates a reduction in NAR with
increasing age. The NARwas highest amongst children
<5 y when compared with older children. This may be
related to the atypical presentation and greater diag-
nostic uncertainty in younger children presenting
with acute abdominal pain [17–20].

Further analysis determined that non-metropolitan
hospitals were associated with increased NA. This find-
ing is consistent with previous report by To and Langer
in their retrospective analysis of the Ontario Discharge
Hospital data that showed a higher rate of NA in non-
metropolitan populations [11]. Increased NAR in rural
hospitals may reflect reduced availability of imaging
studies and/or the involvement of house staff that
may offer the alternative of round the clock serial phys-
ical examinations. Pediatric subspecialists are also few
and far in rural locations.

Female gender was associated with increased NA
and may be due to diagnostic confusion caused by gyne-
cologic disease. From our analysis, ovarian cyst was
one of the top five differential diagnoses in cases of
suspected appendicitis. The data also showed that
increased NAR was associated with prolonged length
of stay (LOS). The extended LOS may be related to
the initial misdiagnosis and the additional time it takes
to establish the correct diagnosis. The association of
NAR with female gender and increased LOS corrobo-
rates a previous study using the Nationwide Inpatient
Sample [18]. There was a higher mortality in those



TABLE 4

Top Five Primary Diagnoses Associated With NA by
Different Age Subsets

Age <5 y %
Intussusception 13.9
Intestinal fixation anomaly 9.7
Mesenteric lymphadenitis 5.9
Diseases of appendix NEC 4.4
Abdominal pain right lower quadrant 3.6

Age 5–10 y
Abdominal pain right lower quadrant 22.0
Mesenteric lymphadenitis 21.0
Hyperplasia of appendix 10.2
Diseases of appendix NEC 8.9
Noninfectious gastroenteritis NEC 3.2

Age > 10 y
Abdominal pain right lower quadrant 28.4
Mesenteric lymphadenitis 11.7
Diseases of appendix NEC 10.1
Hyperplasia of appendix 8.3
Ovarian cyst NEC 5.8

OYETUNJI ET AL.: NEGATIVE APPENDECTOMY RATE IN CHILDREN 19
with NA compared with PA, which may be related to
delays in diagnosis and management.

The relationship between NA and ethnicity has not
been extensively evaluated. Higher NAR among Blacks
is at variance with Ponsky et al. who found no such
association [21]. This probably reflects the inherent dif-
ferences in the study datasets. Their study utilized the
Pediatric Health Information System (PHIS) data,
which is collated from the top pediatric hospitals in
the United States. This, inherently, connotes the avail-
ability of pediatric specialists. However, Smink et al.
showed reduced odds of misdiagnosis of appendicitis
amongst Hispanics and other ethnicities and no differ-
ence in Blacks compared with Whites using the 1997
KID dataset [20]. The nonsignificant difference ob-
TABLE 5

IndependentPredictors of Lengthof Stay,Charges and
Mortality in Patients with NA

Total charges ($)

Predictors Coefficient 95% CI
LOS 4158.39 3764.481–4552.30
Native Americans (ref. Whites) �5805.37 �11,061.62–(�549.12)
Transferred 23,033.47 7536.38–38,530.55
Rural location (ref. Urban) �2519.70 �4796.87–(�242.53)

Length of stay (LOS) in days
Predictors Coefficient 95% CI
Age �1.13 �1.39–(�0.88)
Hispanics (ref. Whites) 4.88 2.71–7.05
Transferred 12.57 6.54–18.61

Mortality in odds
Predictors Odds ratio 95% CI
Increasing age 0.74 0.62–0.89
Rural location (ref. Urban) 12.00 2.45–58.81
served in Blacks in this study may simply reflect the
weak power of the study as it covered only 1 y of KID.
In contrast, the current study was able to demonstrate
a difference using 3 y of KID data. The ethnic difference
observed, similar to the Smink study, may be a surro-
gate for access by minorities.

The difference observed by children’s hospital desig-
nation based on affiliation with the National Associa-
tion of Children’s Hospital and Related Institutions
(NACHRI) may actually be related to volume and
expertise. Though CGH and children’s units attended
to an equal number of patients and much less than
non CGH, the lower odds of NAR in CGH is undoubt-
edly related to availability of expertise and a dedicated
pediatric staff. That children’s unit in general hospital
had an increased odds of NA compared with non-CGH
is probably related to case low volume and probably
lack of expertise. Non-CGH hospitals cared for three-
quarters of patients in the study and also had a lower
NAR than children’s unit in a general hospital (Tables
1 and 2). This is similar to the conclusion by Ponsky
et al. that NAR improved with increased appendectomy
volume [21].

As expected, longer LOS was associated with more
frequent complications and increase in hospital cost.
The charges associated with NAR are significant. The
average total charge associated with NA was much
higher at $34,125 compared with $ 19,171 for the whole
study population.We estimate that more accurate diag-
nosis of appendicitis could produce annual cost savings
of up to $150 million.

Among patients with NA, increasing LOS (as ex-
pected) and transferred status were associated with in-
creased charges. Delay in diagnosis after transfer and
need for additional studies may be factors related to
the increased expense in transferred patients but that
could not be demonstrated in this study due to lack of
detailed clinical information. This may likely be related
to the increased LOS observed in this subset of patients.
As mentioned earlier, the increased odds of mortality
with rural location is likely due to lack of pediatric
expertise and facilities (Table 5).

This study is notwithout its limitations. The use of an
administrative dataset for clinical analysis relies
heavily upon correct use of billing codes as there may
potentially be errors in coding. However, Addiss and
colleagues employed an administrative dataset in the
analysis of NAwith their results corresponding to those
of large clinical datasets [22–24].While this dataset had
information on some imaging studies, the retrospective
nature of the analysis makes establishment of timing
of ultrasound and CT difficult. In conclusion, there is
a decreasing trend in NAR, which may reflect improved
diagnosis of appendicitis. However, current NAR
remain quite high and create opportunities for cost
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reduction to the health system. Additional studies are
required to confirm whether there are factors such as
utility of imaging studies, involvement of ancillary
house staff and/or racial/ethnic differences in white
cell count to help explain such disparities.
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