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APPENDECTOMY IS ONE OF THE

most frequently performed
surgical procedures in the
United States and the most

common surgical emergency of the ab-
domen. Despite a lifetime cumulative
incidence of nearly 7%,1 diagnosis of ap-
pendicitis remains a challenge. The risk
of 2 primary adverse outcomes must be
balanced in management of presumed
appendicitis: perforation, often occur-
ring in the prehospital setting,2 and mis-
diagnosis, resulting in removal of a nor-
mal appendix. Although reduction of
the frequency of appendiceal perfora-
tion has received much scrutiny, the
factors leading to misdiagnosis are less
understood.

To reduce the incidence of perfora-
tion, the surgical community tradition-
ally accepts that approximately 15% of
appendectomies overall and 20% in
women will yield a noninflamed appen-
dix.3,4 The rate of misdiagnosis in cer-
tain populations of patients may be as
high as 40%.2,5-7 This relatively high rate
of unnecessary appendectomy is being
challenged in some quarters as an out-
dated standard, given the dramatic
expansion of diagnostic testing options
for appendicitis during the last decade.8

Indeed, many investigators have dem-
onstrated that in research environ-

ments, advanceddiagnostic testingusing
computed tomography (CT), ultrason-
ography(US),andlaparoscopydecreases
the frequency of misdiagnosis.9-14 These
diagnostic tests areoften targeted toward

populations deemed at increased risk for
misdiagnosis: children, the elderly, and
women of reproductive age.

The purpose of this study was to
evaluate changes in the frequency of
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Context Misdiagnosis of presumed appendicitis is an adverse outcome that leads to
unnecessary surgery. Computed tomography, ultrasonography, and laparoscopy have
been suggested for use in patients with equivocal signs of appendicitis to decrease
unnecessary surgery.

Objective To determine if frequency of misdiagnosis preceding appendectomy has
decreased with increased availability of computed tomography, ultrasonography, and
laparoscopy.

Design, Setting, and Patients Retrospective, population-based cohort study of
data from a Washington State hospital discharge database for 85790 residents as-
signed International Classification of Diseases, Ninth Revision procedure codes for
appendectomy, and United States Census Bureau data for 1987-1998.

Main Outcome Measure Population-based age- and sex-standardized incidence of
appendectomy with acute appendicitis (perforated or not) or with a normal appendix.

Results Among 63707 nonincidental appendectomy patients, 84.5% had appen-
dicitis (25.8% with perforation) and 15.5% had no associated diagnosis of appendi-
citis. After adjusting for age and sex, the population-based incidence of unnecessary
appendectomy and of appendicitis with perforation did not change significantly over
time. Among women of reproductive age, the population-based incidence of misdi-
agnosis increased 1% per year (P = .005). The incidence of misdiagnosis increased
8% yearly in patients older than 65 years (P�.001) but did not change significantly in
children younger than 5 years (P = .17). The proportion of patients undergoing lapa-
roscopic appendectomy who were misdiagnosed was significantly higher than that of
open appendectomy patients (19.6% vs 15.5%; P�.001).

Conclusion Contrary to expectation, the frequency of misdiagnosis leading to un-
necessary appendectomy has not changed with the introduction of computed tomog-
raphy, ultrasonography, and laparoscopy, nor has the frequency of perforation de-
creased. These data suggest that on a population level, diagnosis of appendicitis has
not improved with the availability of advanced diagnostic testing.
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misdiagnosis among patients undergo-
ing appendectomy during a period
coincident with the growing availabil-
ity of CT, US, and laparoscopy. The
frequency of misdiagnosis was mea-
sured in 2 ways: as a percentage of
procedures performed during a given
period and as a population-based inci-
dence rate. Reported rates of misdiag-
nosis classically have been based on
the total number of appendectomies
performed in a single institution over
a fixed period; however, population-
based rates account more closely for
the true population at risk for appen-
dectomy. We hypothesized that misdi-
agnosis has decreased since the intro-
duction of advanced diagnostic
techniques in the late 1980s. Further-
more, we hypothesized that the great-
est decreases in misdiagnosis rate
would be identified in populations at
increased risk for misdiagnosis
because they are more likely to
undergo these tests.

METHODS
Study Design

A retrospective cohort study was con-
ducted, using a statewide, population-
based hospital discharge database.

Setting
Data were obtained from the Washing-
ton State Comprehensive Hospital
Abstract Reporting System (CHARS)
database. This data set is derived from
all public and private hospitals in Wash-
ington State (Veterans Affairs and US
militaryhospitalsexcluded)andincludes
nearly all of the population of patients
undergoing appendectomy in the state
of Washington during the study period.
The data set contains demographic vari-
ables, admission and discharge admin-
istrative details, payer status, Interna-
tional Classification of Diseases, Ninth
Revision (ICD-9) procedure and diag-
nostic codes, and coded hospital iden-
tifiers. United States Census Bureau data
for total and age- and sex-specific yearly
state population estimates were used for
population-based analyses. Error due to
inclusion of patients in the denomina-
tor who had prior appendectomy was

assumedtobestableover time.Errordue
to missing Veterans Affairs and mili-
taryhospitalpatientswas recognizedbut
representedapproximately0.63%of total
statewide cases.

This study was exempted from hu-
man subjects review by agreement of
the University of Washington Human
Subject Review Committee and the
Washington State Department of
Health. The data set includes only
anonymous data and is considered to
be within the public domain.

Subjects
All CHARS reports from 1987 through
1998 were searched for ICD-9 proce-
dure codes pertaining to appendec-
tomy (BOX). This group was then evalu-
atedbasedonassociated ICD-9diagnostic
codes that described appendiceal patho-
logic findings and other relevant vari-
ables. The total number of appendecto-
mies (incidental and nonincidental)
performed were recorded by year.

Variable Definitions
A case of appendicitis was defined as any
patient undergoing nonincidental ap-
pendectomy with an associated diag-
nostic code of appendicitis or related ap-
pendiceal pathologic finding. A case of
misdiagnosis was defined as any pa-
tient undergoing nonincidental appen-
dectomy without an associated diagnos-
tic code of appendicitis or related
appendiceal pathologic finding. Perfo-
ration was defined in a similar fashion,
using appropriate ICD-9 codes (Box).

Analysis
We calculated yearly procedure-based
percentages of all appendectomies (in-
cidental and nonincidental) for the en-
tire cohort and for women only, using
the total number of procedures as the de-
nominator. In the nonincidental appen-
dectomy group, frequencies of misdi-
agnosis, appendicitis, and perforation
were computed, using the number of
nonincidental appendectomies as the de-
nominator. Misdiagnosis frequency was
also computed for 3 subpopulations con-
sidered at increased risk for misdiagno-
sis: children younger than 5 years, pa-

tients older than 65 years, and women
of reproductive age (15-45 years).

Because population-based rates are
sensitive to changes in the underlying
population at risk for each of these out-
comes, yearly population-based rates
were calculated for all appendecto-
mies (incidental and nonincidental).
Population-based rates of misdiagno-
sis, appendicitis, and rupture were
calculated for the entire noninciden-
tal cohort and for women. Age- and sex-
specific population values were used as
appropriate. All data were standard-
ized for sex and age using the direct
method, with the 1990 population of
Washington State as the reference
population. All population-based rates
are reported as rate per 10000 person-
years. Patients undergoing laparo-
scopic appendectomy were consid-
ered in a separate analysis as well to
compare the overall frequency of use
and misdiagnosis associated with lapa-

Box. International Classification
of Diseases, Ninth Revision
Procedure and Diagnostic Codes

Nonincidental Appendectomy
47 Operations on appendix, ex-

cludes incidental
47.0 Appendectomy, excludes in-

cidental
47.01 Laparoscopic appendectomy
47.09 Other appendectomy

Incidental Appendectomy
47.1 Incidental appendectomy
47.11 Laparoscopic incidental ap-

pendectomy
47.19 Other incidental appendec-

tomy

Appendicitis
540 Acute appendicitis
5400 With perforation, peritoni-

tis, rupture*

5401 Abscess with generalized peri-
tonitis*

5409 Without mention of perfora-
tion, peritonitis, rupture

541 Appendicitis unqualified
542 Other appendicitis

*These codes are used to define patients
with perforation or rupture.
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roscopic appendectomy in different
subpopulations.

Poisson regression was used to test
for a significant increase or decrease
over time in the population-adjusted
rates of appendectomy, incidental ap-
pendectomy, appendicitis, misdiagno-
sis, and perforation/rupture. The Pois-
son regression model was used to adjust
for the sex and age of the patient. A test
for trend (ie, the P value for whether

the coefficient for calendar year was sig-
nificantly different from 0) was ap-
plied to evaluate significant changes
over time in the procedure-based rates
of all appendectomies and incidental ap-
pendectomies and frequencies of ap-
pendicitis, misdiagnosis, and perfora-
tion. Statistical analysis was performed
using STATA statistical analysis soft-
ware, version 7 (STATA Corp, Col-
lege Station, Tex).

RESULTS
During the 12-year study period, 85790
patients (mean [SD] age, 32.1 [18.6]
years; 54.4% female) underwent appen-
dectomy (22.1% incidental). When con-
sidered simply as a percentage of all ap-
pendectomies performed yearly and
analyzed for trend, incidental appen-
dectomy decreased significantly by year,
with a corresponding increase in non-
incidental appendectomy (P�.001).
During the study period, 9880 nonin-
cidental appendectomies were per-
formed without an associated diagno-
sis of appendicitis, representing 15.5%
of all nonincidental appendectomies.
The average rate of perforation was
25.8%. The percentage of misdiag-
noses was greater among women than
men (22.8% vs 9.2%, respectively;
P�.001). Patients with misdiagnoses
were slightly older compared with those
with appropriate diagnoses (mean, 30.5
vs 28.6 years, respectively; P�.001).
Among patients undergoing noninci-
dental appendectomy (n = 63707), the
percentage of misdiagnoses remained
stable over time (P = .06), as did the per-
centage with perforated and nonperfo-
rated appendicitis (P = .08)(TABLE 1).

Between 1987 and 1998, there
was a 20.3% increase in the state’s

Figure. Population-Adjusted Rates of Total, Incidental, and Nonincidental Appendectomy and Misdiagnosis and Rupture in Nonincidental
Appendectomy
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A, In Washington State, the population-based rate of nonincidental appendectomy remained stable over time, with a decrease in the rate of all appendectomies related
to a 7.3% yearly decrease in the rate of incidental appendectomy. B, Among patients undergoing nonincidental appendectomy, the population-adjusted rates of mis-
diagnosis and perforation remained unchanged from 1987 through 1998.

Table 1. Appendectomy and Percentage Misdiagnosed and Perforated in Washington State

Year
No. of Nonincidental

Appendectomies

Procedures, %*

Acute Appendicitis

MisdiagnosisNonperforated Perforated

1987 4754 58.9 25.9 15.2

1988 4973 59.9 25.4 14.7

1989 4863 58.1 26.1 15.8

1990 5101 58.5 25.8 15.7

1991 4959 59.0 25.7 15.3

1992 5428 60.9 24.8 14.3

1993 5381 59.4 25.3 15.3

1994 5701 58.1 25.7 16.2

1995 5515 58.7 25.6 15.7

1996 5680 58.5 25.5 16.0

1997 5724 57.4 26.5 16.1

1998 5628 56.8 27.6 15.6

Average 58.6 25.8 15.5

Total 63 707

*Test for trend indicated no significant trend over time.
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population. Age- and sex-standard-
ized population-based incidence trends
are displayed in the FIGURE. The over-
all rate of appendectomy per 10000 per-
son-years decreased yearly by 3.1%
(P�.001). Incidental appendectomy de-
creased 7.3% yearly, from 5.52 per
10000 person-years in 1987 to 2.45 per
10000 person-years in 1998 (P�.001).
There was essentially no change in the
rate of nonincidental appendectomy per
10000 person-years (P = .07). Regres-
sion analysis indicates a small de-
crease (−1.5%) in the yearly rate of ap-
pendicitis per 10 000 person-years
(P�.001), but stable rates of misdiag-
nosis (P=.27) and perforation (P=.51)
over time.

Among women, the decreasing rate
of total appendectomies manifested as
a significant trend toward fewer inci-
dental appendectomies over time
(P�.001). The frequency of misdiag-
nosis among women remained stable
over time at an overall rate of 23.2%
(P= .52). Similar findings were also
noted in the sex-specific population-
based rates. There was no significant
change in the population incidence of
nonincidental appendectomy, overall
appendicitis, or rate of misdiagnosis in
women. Among other subpopulations
at risk for misdiagnosis, the popula-
tion incidence of misdiagnosis actu-
ally increased 1% yearly in women of
reproductive age (P = .005) and in-
creased 8% per year in patients older
than 65 years (P�.001) (TABLE 2). Mis-
diagnosis rates did not change signifi-
cantly in children younger than 5 years
(P=.17).

Performance of laparoscopic appen-
dectomy, first coded for in 1996, has
rapidly increased over time. Laparo-
scopic appendectomy was performed in
2.8% of all patients in 1996 and in
15.0% of patients in 1998. Laparo-
scopic appendectomy was performed
more often in certain groups of pa-
tients. For example, during the 3 years
that it was recorded, laparoscopic ap-
pendectomy was performed in 13.8%
of women and in 17.3% of women of
reproductive age. The procedure-
based frequency of misdiagnosis among

Table 2. Rates of Appendicitis and Misdiagnosis in High-Risk Groups

Year

No. of
Nonincidental

Appendectomies

Procedures, % Incidence of
Misdiagnosis,
Misdiagnosed

Cases
per 10 000

Person-Years

Acute Appendicitis

MisdiagnosisNonperforated Perforated

Women of Reproductive Age (15-45 y)

1987 1191 56.2 17.3 26.5 2.89

1988 1264 58.8 16.1 25.2 2.86

1989 1257 56.4 15.2 28.4 3.16

1990 1261 55.7 15.7 28.6 3.13

1991 1251 59.2 15.8 25.0 2.72

1992 1357 60.6 15.8 23.6 2.71

1993 1368 59.6 16.2 24.2 2.77

1994 1462 58.2 15.0 26.7 3.22

1995 1313 57.3 16.7 26.1 2.97

1996 1356 58.8 15.2 26.5 3.06

1997 1447 58.5 15.6 28.7 3.18

1998 1344 56.6 18.4 27.3 2.81

Average 58.0 16.1 26.4 2.96

Change per
year, %*

+1

Children (Aged �5 y)

1987 89 13.5 47.2 39.3 1.01

1988 93 24.7 48.4 26.9 0.71

1989 78 32.1 46.2 21.8 0.47

1990 86 31.4 44.2 24.4 0.55

1991 74 31.1 51.4 17.6 0.34

1992 95 28.4 46.3 25.3 0.61

1993 83 39.8 34.9 25.3 0.53

1994 84 27.4 47.6 15.0 0.54

1995 81 32.1 43.2 24.7 0.52

1996 92 25.0 45.7 29.4 0.70

1997 79 34.2 36.7 30.0 0.60

1998 91 34.1 46.2 20.6 0.46

Average 29.3 44.9 26.0 0.59

Change per
year, %†

−2

Older Patients (Aged �65 y)

1987 243 30.0 55.6 14.4 0.66

1988 265 31.3 57.4 11.3 0.55

1989 258 34.5 50.0 15.5 0.66

1990 239 30.5 57.3 12.1 0.50

1991 241 33.6 50.6 15.7 0.65

1992 269 33.5 49.4 17.1 0.77

1993 253 29.2 50.6 20.1 0.84

1994 307 29.6 49.2 21.1 1.05

1995 278 29.5 48.6 21.9 0.97

1996 339 31.9 49.0 19.1 1.01

1997 342 31.6 50.9 18.3 0.93

1998 341 31.1 42.5 27.7 1.38

Average 3375 31.3 50.6 17.9 0.83

Change per
year, %‡

+8

*P = .005.
†P = .17.
‡P�.001.
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patients undergoing laparoscopic ap-
pendectomy was higher than that of pa-
tients undergoing open appendec-
tomy during the same period (19.6% vs
15.5%, respectively; P�.001) (TABLE 3).
For all women, the overall frequency
of misdiagnosis with laparoscopic ap-
pendectomy from 1996 to 1998 was
similar to the open appendectomy mis-
diagnosis rate during the same period
(24.4% vs 22.5%, respectively; P=.17).
Among women of reproductive age,
laparoscopic appendectomy was asso-
ciated with a higher rate of misdiagno-
sis (29.1% vs 24.9%, respectively;
P=.02).

COMMENT
The availability of CT, US, and lapa-
roscopy to aid in diagnosis of appen-
dicitis has increased dramatically over
the last decade. Controlled clinical tri-
als have suggested that this technol-
ogy improves diagnostic accuracy.9-14

We evaluated the 85790 patients in
Washington State who underwent ap-
pendectomy in 1987-1998, a period
concurrent with the increasing avail-
ability of this technology. Contrary to
expectation, we found that both pro-
cedure-based and population-based fre-
quencies of misdiagnosis remained
stable over time (15.5% and 1.56 per
10000 person-years, respectively). Like-
wise, age- and sex-adjusted inci-
dences of perforation remained stable
over time (25.8% and 2.71 per 10000
person-years, respectively). Among sub-
populations considered at increased
risk, the incidence of misdiagnosis ac-
tually increased among women of re-

productive age and patients older than
65 years. A decrease in the overall rate
of appendectomy was also identified but
was related to a significant decrease in
the rate of incidental appendectomy.

In their landmark 1990 article, Ad-
diss et al1 first described the method we
used to define misdiagnosis and appen-
dicitis within a large administrative data
set. These investigators evaluated popu-
lation trends in appendectomy and ap-
pendicitis in 1970-1984 (n=16547).
The data source for this work, the Na-
tional Hospital Discharge Summary, in-
corporated a 0.5% sample of all pa-
tients hospitalized yearly in the United
States. While this previous study was
based on national survey data, our study
was based on data from all Washing-
ton State hospital discharge summa-
ries during the years of interest. Both
studies defined misdiagnosis as the ab-
sence of a diagnosis of acute appendi-
citis. Both studies are limited by the ab-
sence of pathologically confirmed
diagnosis and the potential that admin-
istrative data are subject to reporting or
interpretation errors by personnel who
abstract chart data. However, the rate
of this type of error may be assumed to
be stable over time, allowing for reli-
able comparison between years.

Most studies of appendicitis use the
number of appendectomies per-
formed, often in a single institution, as
the denominator for their calcula-
tions. Evaluation of population-based
data, however, allows for analysis of
trends in the true incidence of the pro-
cess of interest while accounting for
changes in the population at risk. Ad-

diss et al,1 for example, used a popula-
tion-based technique and found a de-
clining rate of incidental appendectomy
between 1979 (year of first incidental
coding) and 1984, coincident with a
gradually decreasing rate of appendi-
citis. These researchers found an over-
all procedure-based rate of misdiagno-
sis of 14.7% (8.8% in men and 21.4%
in women) and that diagnostic accu-
racy had improved over time, from 74%
to 83% in women and from 86% to 92%
in men. However, the authors did not
calculate a population-based rate of mis-
diagnosis. This earlier cohort may be
considered a historical control for
studying the impact of available tech-
nology on the diagnosis of appendici-
tis. In the 1987-1998 Washington State
cohort, CT, US, and laparoscopy were
widely available to assist in diagnosis
of appendicitis (albeit at variable rates),
yet we found no improvement in the
procedure-based misdiagnosis rate
(15.5%) compared with that found in
previous work (14.7%).1

Our data do not support the hypoth-
esis that the rate of misdiagnosis has im-
proved with the widespread availabil-
ity of CT, US, and laparoscopy. While
state licensing data demonstrate the in-
creasing availability of CT during the
study period, this study was limited by
our inability to determine the rates of
CT and US use with this database. De-
spite published reports that advocate in-
creased use of advanced diagnostic test-
ing,9-14 and the informal impression that
such testing has increased dramati-
cally, we were unable to identify any di-
rect population-level evidence of in-

Table 3. Use and Accuracy of Nonincidental Laparoscopic vs Open Appendectomy

Misdiagnosis, No./Total Nonincidental (%)

All Patients All Women
Women of Reproductive Age

(15-45 y)

Laparoscopic Open Laparoscopic Open Laparoscopic Open

1996 27/159 (16.9) 883/5521 (15.9) 18/95 (19.0) 576/2497 (23.1) 13/64 (20.3) 340/1292 (26.3)

1997 161/847 (19.0) 758/4877 (15.5) 123/526 (23.4) 494/2181 (22.7) 94/334 (28.1) 281/1113 (25.3)

1998 175/844 (20.7) 706/4784 (14.8) 136/512 (26.6) 472/2151 (21.9) 101/318 (31.8) 235/1026 (22.9)

Total, % 19.6 15.5* 24.4 22.5† 29.1 24.9‡

*P�.001.
†P = .17.
‡P = .02.

MISDIAGNOSIS OF APPENDICITIS

1752 JAMA, October 10, 2001—Vol 286, No. 14 (Reprinted) ©2001 American Medical Association. All rights reserved.



creasing CT use in diagnosis of
appendicitis. Furthermore, other in-
terventions were advocated during this
period to improve diagnosis and man-
agement of appendicitis. These in-
cluded clinical pathways,15 increased
senior surgeon involvement in diagno-
sis,16 and better data management
tools.17 We were also unable to deter-
mine the extent to which these avail-
able interventions were used on a
population level. As a result, several ex-
planations for our findings may be pro-
posed. Computed tomography and US
may not be performed frequently
enough or in the appropriate subpopu-
lations to affect the rate of misdiagno-
sis. Alternatively, diagnostic tests may
be less accurate in a typical clinical en-
vironment than in the research set-
ting.10,18,19 Conversely, these tests may
be accurate and performed routinely but
may be overruled or not reported rap-
idly enough to influence decision mak-
ing. Indeterminate readings and de-
layed interpretation clearly reduce the
potential benefit of such tests. A more
clinically detailed data set containing
reliable radiological and histological
data will be required to clarify this re-
lationship.

Some authors maintain that laparos-
copy can decrease the rate of diagnos-
tic error in patients with presumed

appendicitis by identifying alternative
pathologic findings.20 After inserting a
laparoscope into the abdomen, the sur-
geon can directly observe the appen-
dix to determine if inflammation is
present. This study suggests that the
development of laparoscopic appen-
dectomy has not improved diagnostic
accuracy in patients with presumed
appendicitis. In part, this may be
explained by selection bias; patients
undergoing laparoscopic appendec-
tomy may be at higher risk for misdi-
agnosis. However, in our study, even
among women of reproductive age, the
rate of misdiagnosis was not lower in
those undergoing laparoscopic appen-
dectomy. Many surgeons remove a non-
inflamed appendix when performing
laparoscopy, even in the presence of
other pathologic findings. For some,
acknowledging that the gross appear-
ance of the appendix corresponds
poorly to the histological changes of
appendicitis,21 this practice may not be
classified as an incidental appendec-
tomy. There is little consensus regard-
ing the appropriate laparoscopic man-
agement of the normal-appearing
appendix. In 1 survey, the surgeon’s
assessment of acute inflammation was
correct in 120 of 132 cases, a positive
predictive value of 91%.21 Conversely,
when surgeons assessed the appendix

as being noninflamed, they were cor-
rect in only 11 of 43 cases, yielding a
negative predictive value of only 26%.
These authors suggest that during a
laparoscopic operation for presumed
appendicitis, the normal-appearing
appendix should be removed.21

In conclusion, although controlled
studies have demonstrated a decrease
in the frequency of misdiagnosis with
CT, US, and laparoscopy, we identi-
fied no change in the misdiagnosis of
appendicitis on a population level con-
current with the increasing availabil-
ity of this diagnostic technology. We
recommend further investigation of the
pragmatic relationship between diag-
nostic tests for presumed appendicitis
and diagnostic accuracy at appendec-
tomy. Finally, this study indicates that
the general population has not real-
ized one suggested benefit of the era of
advanced diagnostic testing: the reduc-
tion of unnecessary appendectomies.
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