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EGINNING IN 1912' AND CON-

tinuing to 2002,*° researchers

have documented substantial

discrepancies between clini-
cal diagnoses and findings at autopsy.
Time series from single institutions have
examined trends in these diagnostic dis-
crepancies and, with only 1 excep-
tion,” have found no significant de-
creases over time.%!2

A possible explanation for the stabil-
ity of these rates is increased selection by
clinicians. In 1994, the last year for which
national data exist, the autopsy rate for
all nonforensic deaths decreased to less
than 6%" compared with average rates
0f30% to 40% in the 1960s."* With pro-
gressively fewer autopsies performed
over time, clinical selection for diagnos-
tically challenging cases might offset true
gains in diagnostic accuracy. However,
several prospective studies have shown
clinicians to have little ability to iden-
tify cases that will yield “diagnostic sur-
prises,”>'® so clinical selection might ex-
ert little effect on rates of autopsy-
detected diagnostic errors.

As part of a broader report on the au-
topsy as a tool for quality measurement
and improvement,'® we systematically re-
viewed the literature to estimate the fre-

See also Patient Page.
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Context Substantial discrepanies exist between clinical diagnoses and findings at au-
topsy. Autopsy may be used as a tool for quality management to analyze diagnostic
discrepanies.

Objective To determine the rate at which autopsies detect important, clinically missed
diagnoses, and the extent to which this rate has changed over time.

Data Sources A systematic literature search for English-language articles available
on MEDLINE from 1966 to April 2002, using the search terms autopsy, postmortem
changes, post-mortem, postmortem, necropsy, and posthumous, identified 45 stud-
ies reporting 53 distinct autopsy series meeting prospectively defined criteria. Refer-
ence lists were reviewed to identify additional studies, and the final bibliography was
distributed to experts in the field to identify missing or unpublished studies.

Study Selection Included studies reported clinically missed diagnoses involving a
primary cause of death (major errors), with the most serious being those likely to have
affected patient outcome (class | errors).

Data Extraction Logistic regression was performed using data from 53 distinct au-
topsy series over a 40-year period and adjusting for the effects of changes in autopsy
rates, country, case mix (general autopsies; adult medical; adult intensive care; adult
or pediatric surgery; general pediatrics or pediatric inpatients; neonatal or pediatric in-
tensive care; and other autopsy), and important methodological features of the pri-
mary studies.

Data Synthesis Of 53 autopsy series identified, 42 reported major errors and 37
reported class | errors. Twenty-six autopsy series reported both major and class | error
rates. The median error rate was 23.5% (range, 4.1%-49.8%) for major errors and
9.0% (range, 0%-20.7 %) for class | errors. Analyses of diagnostic error rates adjust-
ing for the effects of case mix, country, and autopsy rate yielded relative decreases
per decade of 19.4% (95% confidence interval [CI], 1.8%-33.8%) for major errors
and 33.4% (95% [Cl], 8.4%-51.6%) for class | errors. Despite these decreases, we
estimated that a contemporary US institution (based on autopsy rates ranging from
100% [the extrapolated extreme at which clinical selection is eliminated] to 5% [roughly
the national averagel), could observe a major error rate from 8.4% to 24.4% and a
class I error rate from 4.1% to 6.7 %.

Conclusion The possibility that a given autopsy will reveal important unsuspected
diagnoses has decreased over time, but remains sufficiently high that encouraging on-
going use of the autopsy appears warranted.
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quency with which autopsy reveals im-
portant, clinically missed diagnoses. We
sought to assess the degree to which this
frequency has changed over time, and the
extent to which clinical selection for di-
agnostically challenging cases accounts
for the substantial error rates that con-
tinue to be reported in autopsy studies.

METHODS
Search Strategy

We searched the MEDLINE database for
English-language articles (1966-April
2002) using Medical Subject Heading
terms autopsy and postmortem changes,
and the title words, autopsy, post-
mortem, postmortem, necropsy, and post-
humous. We then applied terms captur-
ing aspects of study design (eg,
epidemiologic studies, clinical trials) and
topics relating to diagnosis (eg, diagnos-
tic errors, diagnostic techniques and pro-
cedures) or error (eg, medical error, iat-
rogenic disease, safety). Reference lists
from all relevant articles were reviewed
to identify additional studies, and the fi-
nal bibliography was distributed to ex-
perts in the field to identify missing or
unpublished studies.

Study Selection

Included studies met the following cri-
teria:

1. Consecutive autopsies with well-
defined selection criteria (eg, all adults
dying after hospital arrival and under-
going autopsy during a specified pe-
riod) or random samples from such se-
ries; “convenience samples” and
consecutive series missing more than
20% of eligible cases were excluded.

2. Clinical diagnoses derived from
autopsy request forms submitted by cli-
nicians or chart review performed by
study investigators; assessments of clini-
cal diagnoses based primarily on death
certificates were excluded.

3. Classification of autopsy-
detected errors in clinical diagnoses ac-
cording to generally accepted classifi-
cation schemes®*; major errors defined
as clinically missed diagnoses involv-
ing a principal underlying disease or
primary cause of death; and class I er-
rors, major errors that, had they been
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detected during life, “would,” “could,”
“possibly,” or “might” have affected pa-
tient prognosis or outcome (at a mini-
mum, discharge from the hospital
alive). Studies that made no distinc-
tion between changes in management
and changes in outcome were deemed
to be reporting major errors only.

Studies reporting autopsy data from
multiple institutions or observation pe-
riods were analyzed as separate series
whenever possible. We did not re-
strict our review to studies of inhospi-
tal deaths, although an overwhelming
majority of studies involved inpatient
autopsies predominantly or, in many
cases, exclusively.

Quantitative Analysis

Diagnostic error rates were modeled us-
ing logistic regression analyses with
country, study period, case mix, and au-
topsy rate as predictors and including
arandom study effect.”! Hospital teach-
ing status was not included as a pre-
dictor, because too few studies in-
volved nonteaching hospitals and
because the nature of the teaching sta-
tus was often unclear.

Autopsy rates and time were mod-
eled as continuous variables, with the
value for time designated as the mid-
point of the study period. Country was
simplified to United States or non-
United States, but case mix was mod-
eled as a nonordinal variable with the
categories of (1) general autopsies, (2)
adult medical, (3) adult intensive care,
(4) adult or pediatric surgery, (5) gen-
eral pediatrics or pediatric inpatients, (6)
neonatal or pediatric intensive care, and
(7) other. The first category, which con-
stituted the base case mix in the regres-
sion analysis, included series reporting
general autopsies (all ages, specialties,
and settings), general inpatients (all ages
and specialties), and general adult in-
patients. We combined these 3 popula-
tions because many studies provided in-
sufficient detail to permit reliable
distinctions between these 3 and be-
cause the contribution of adult inpa-
tients dominated samples of all 3 types.

In anticipation of methodological het-
erogeneity among the studies, we ab-

stracted each article for key study fea-
tures plausibly related to observed error
rates. These study features included (1)
cohort design (prospective vs retrospec-
tive); (2) clarity of error definition
(whether class I and major errors were
defined using illustrative examples or if
the results included a complete listing of
all clinical-autopsy discrepancies desig-
nated as class I or major errors); (3)
source of clinical diagnoses (chart re-
view vs autopsy request forms); (4) in-
volvement of clinicians in classifying er-
rors. The regression models for major
and class I error rates incorporated each
of these methodological characteristics
as categorical variables.

RESULTS
Included Autopsy Series
We identified 45 studies®®!17:18:2022:55
reporting a total of 53 distinct autopsy
series meeting our inclusion criteria
(TABLE 1). More studies reported ma-
jor errors than reported class 1 errors
(42 and 37 series, respectively).
Twenty-six series reported both types
of errors and just over half of the se-
ries (27) involved US institutions.
Although numerous studies met our
inclusion criteria and offered a wide
range of predictor variables for the re-
gression model (TABLE 2), many of the
studies exhibited methodological limi-
tations. The vast majority of autopsy se-
ries were assembled retrospectively, and
only half performed chart review to ob-
tain clinical diagnoses. Clinicians played
a primary role in classifying diagnostic
errors in two thirds of series (TABLE 3).

Diagnostic Error Rates

The median major error rate was 23.5%,
although rates ranged from 4.1% to
49.8%, with the upper bound reflect-
ing the only series focused on postop-
erative deaths.* The median class I er-
ror rate was 9.0%, but rates ranged from
0% to 20.7%, with the upper bound
again corresponding to the series fo-
cused on postoperative deaths.* The
study reporting zero class I errors in-
volved pediatric deaths from an emer-
gency department.* The authors at-
tributed the absence of class I errors to
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Table 1. Major or Class | Error Rates of Autopsy Series Between 1959 and 1999

Autopsy No. of  Major Error Rate, Class | Error Rate,
Year Autopsy Series Location Rate, % Case Mix Autopsies % (95% ClI) % (95% CI)
General Autopsies, General Inpatients, and General Adult Inpatients (Base Case Mix)

1959 Christian-Albrechts Germany 88 General inpatients 100 NA 7 (3-14)
University Hospital'?

1960 Peter Bent Brigham Boston 75 Adult inpatients 100 22 (15-32) 8 (4-16)
Hospital®

1969 Christian-Albrechts Germany 82 General inpatients 100 NA 12 (7-20)
University Hospital®

1970 Peter Bent Brigham Boston 71 Adult inpatients 100 23 (15-33) 12 (7-20)
Hospital®

1975-1977 South Lothian District Scotland 25 General inpatients 1152 38 (36-41) NA
hospitals'”??

1978 University of Edinburgh?® Scotland 64 General inpatients 154 15 (10-22) NA

1978-1979 Winnipeg Health Sciences ~ Canada 26 Adult inpatients 200 NA 1.5(0.4-4.7)
Center®*

1979 Royal Adelaide Hospital®® Australia 45 Adult inpatients 99 NA 2.0(0.4-7.8)

1979 Christian-Albrechts Germany 58 General inpatients 100 NA 12 (7-20)
University Hospital'?

1980 Peter Bent Brigham Boston 38 Adult inpatients 100 21 (14-30) 11 (6-19)
Hospital®

1980 39 Institutions performing Connecticut 14 General autopsies 272 NA 4.0 (2.1-7.9)
autopsies®

1981-1984 Belgrade University School  Yugoslavia 12 General inpatients 2145 29 (26.9-30.8) NA
of Medicine?”

1983 VA Medical Center®® White River Junction 60 General inpatients 111 12.6 (7.3-20.6) NA

1983-1988 Chandigarh Postgraduate India 25 Adult inpatients 1000 31.7 (28.8-34.7) NA
Institute®

1984 32 University and United States 30 General inpatients 2067 34 (32-36) 13 (12-15)
community hospitals®

1984-1985 Brigham and Women’s Boston 37 Adult inpatients 175 23 (17-30) 11 (7-17)
Hospital'®

1984-1985 Emerson Hospital'® Concord, Mass 26 Adult inpatients 58 33 (21-46) 12 (5-24)

1985 Northwestern Memorial Chicago 36 General inpatients 142 23 (17-31) NA
Hospital®!

1988 St Vincent's Hospital® Australia 22 General inpatients 139 NA 6 (3-11)

1989 Christian-Albrechts Germany 36 General inpatients 100 NA 11 (6-1
University Hospital®

1990 Peterborough District United Kingdom 13 General inpatients 63 19 (11-31) NA
Health Authority®®

1994 University of Pittsburgh Pittsburgh 19 General inpatients 172 34 (27-42) NA
Medical Center®

1997 Prince of Wales Hospital®® Hong Kong 17.7 General autopsies 332 23.5(19.1-28.5) NA

Adult Medical Patients

1972 Zurich University Hospital”  Switzerland 94 Medical patients 100 30 (21.4-40.1) 16 (10-25)

1982 Zurich University Hospital”  Switzerland 89 Medical patients 100 18 (11.3-27.2) 9 (4-17)

1984 Leiden University Hospital®®  Netherlands 47 Medical patients 133 41 (33-50) NA

1992 Zurich University Hospital”  Switzerland 89 Medical patients 100 14 (8.1-22.7) 7 (3-14)

1992-1993 Ben Taub General Houston 16 Medical patients 110 23.6 (16.3-32.9) 10.9 (6.3-16.8)
Hospital*”

Adult Intensive Care Patients

1983-1985 Hospital Central de la Cruz ~ Spain 51 Adult ICU 100 22 (14.6-31.6) 7 (3.1-14.4)
Roja®

1986-1987 6 VA hospitals®® United States 43 Medical ICU 172 27.9 (21.5-35.3) 12 (8-18)

1986-1992 Hartford Hospital* New Haven, Conn 29 Surgical ICU 149 23 (16.5-30.6) 11 (6.5-17.1)

1994-1995 Cleveland Clinic? Cleveland, Ohio 23 Medical ICU 91 19.8 (12.4-29.7) NA

1994-1995 Hershey Medical Center*! Hershey, Pa 31 Medical-coronary ICU 41 27 (15-43) NA

1996-1999 Gloucestershire Royal United Kingdom 40 Adult ICU 97 23.7 (15.9-33.6) 4.1(1.3-10.8)
Hospital®

1998-1999 General Hospital Celje® Slovenia 47 Medical ICU 126 NA 9.5 (5.2-16.4)

(continued)
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Table 1. Major or Class | Error Rates of Autopsy Series Between 1959 and 1999 (cont)

Autopsy No. of Major Error Rate, Class | Error Rate,
Year Autopsy Series Location Rate, % Case Mix Autopsies % (95% ClI) % (95% Cl)
Adult or Pediatric Surgical Patients
1974-1975  San Francisco General San Francisco 100 Motor vehicle fatalities 182 NA 12.6 (8.3-18.6)
Hospital and 31 other and Orange
hospitals* County, Calif
1984-1988  University of Texas Galveston 73 Adult and pediatric 409 30.3 (26-35.1) 7.8 (6.5-11)
Medical Branch*? surgery
1985-1995  Johns Hopkins Hospital*® Baltimore 24 Cardiac surgery 147 38.8 (31.0-47.2) NA
1986-1988  Royal Victoria Hospital* Northern Ireland 23 Deaths within 30 days 213 49.8 (42.9-56.6) 20.7 (15.6-26.8)
of surgery
1997-1998  Ryder Trauma Center® Miami 97 Adult and pediatric 153 15.7 (10.5-22.6) 2.6 (0.8-7.0)
trauma or burn
patients dying in
ICU
General Pediatrics or Pediatric Inpatients
1984-1993  Lutheran General Park Ridge, Il 36 General pediatrics 107 13.1(7.6-21.9) 6.5 (2.9-13.5)
Children’s Hospital*’
1989-1994  University of Rochester Rochester, NY 74 General pediatrics 157 6.4 (3.3-11.7) NA
Medical Center®®
1992 Children’s Hospital of New  Newark 29 General pediatrics 23 13.0(8.4-34.7) 4.3(0.2-24.0)
Jersey*®
Neonatal or Pediatric Intensive Care Patients
1984-1993  Lutheran General Park Ridge, Il 61 Neonatal ICU 296 0.3(0.02-2.2) 11.8(8.5-16.2)
Children’s Hospital*’
1985-1990  Toronto Hospital for Sick Canada 62 Neonatal ICU 338 18.9 (15.0-23.6) 2.1(0.9-4.4)
Children®
1985-1992  North Shore University Manhasset, NY 26 Pediatric ICU 50 28.0(16.7-42.7) 10 (3.7-22.6)
Hospital®'
1991-1997  Royal Alexandra Hospital Australia 40 Neonatal ICU 91 NA 5.5(2.0-12.9)
for Children®
1995-1996  King Edward Memorial India 82 Neonatal ICU 197 26.9 (21.0-33.8) 12.2(8.1-17.8)
Hospital*
Other
1981 Salford Health Authority®* United Kingdom 35 Inpatients >85 years 129 31(23.3-39.8) NA
1981-1983  Beth Israel Hospital*® Boston 27 Adult inpatients 130 13.8(8.6-21.3) NA
post-CPR
1984-1988  University of Worcester 32 Deaths in ED 244 41 (2.1-7.6) 1.6 (0.5-4.4)
Massachusetts
Medical Center®
1985-1989  Children’s Hospital of Canada 75 Pediatric deaths in ED 52 15.4 (7.3-28.6) 0 (0-8.6)
Western Ontario*
1992-1993  Ben Taub General Houston 16 Adult inpatients with 42 33.3 (20.0-49.6) 9.5 (3.1-23.6)

Hospital®”

Abbreviations: Cl, confidence interval; CPR, cardiopulmonary resuscitation; ED, emergency department; ICU, intensive care unit; NA, data not available.

the high proportion of deaths follow-
ing cardiac arrest, in which survival de-
pends predominantly on the ad-
equacy of resuscitation rather than the
accuracy of clinical diagnosis.

Effects of Country, Autopsy Rates,
and Case Mix

Compared to US studies, autopsy se-
ries from outside the United States ex-
hibited a slight, but statistically signifi-
cant trend toward higher major error
rates (odds ratio [OR], 1.15; 95% con-
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fidence interval [CI], 1.01-1.31; P=.03).
For class I errors, the effect was of com-
parable magnitude and bordered on sta-
tistical significance (OR, 1.26; 95% CI,
0.99-1.59; P=.06) (TABLE 4).
Autopsy rates ranged from 12% to
100% (median, 37.0%). Relative to the
error rate in 1980 (the midpoint of the
40-year period spanned by the in-
cluded studies), major errors decreased
at a rate of 12.4% (95% CI, 7.0%-
17.6%) for every 10% increase in au-
topsy rates. Class I errors decreased at a

rate of 17.4% (95% CI, 6.6%-27.1%) for
every 10% increase in autopsies.
Autopsy series restricted to surgical pa-
tients reported significantly higher rates
of both major errors (OR, 2.16; 95% CI,
1.53-3.06) and class I errors (OR, 3.01;
95% CI, 1.66-5.43). Series limited to
adult medical patients reported higher
class I error rates (OR, 1.84; 95% CI,
1.06-3.20); US series from adult inten-
sive care units also had higher class I er-
rorrates (OR, 2.12;95% CI, 1.42-3.16).
Conversely, pediatric series reported sig-

©2003 American Medical Association. All rights reserved.

Downloaded from www.jama.com on January 7, 2008


http://www.jama.com

nificantly lower rates of major errors, and
series involving pediatric or neonatal in-
tensive care autopsies reported signifi-
cantly lower class I error rates (OR, 0.56;
95% CI, 0.32-0.98) (Table 4).

Impact of Methodological Features

None of the 4 methodological features
shown in Table 3 significantly affected
major error rates, but 2 methodological
features significantly affected class I er-
ror rates (Table 4). Studies conducted
prospectively reported higher class I er-
ror rates (OR, 1.63;95% CI, 1.19-2.23),
as did studies in which clinicians played
active roles in classifying errors (OR,
2.09; 95% CI, 1.31-3.34).

Trends in Diagnostic Errors
Over Time

Adjusting for the effects of country, case
mix, and autopsy rates, major errors sig-
nificantly decreased over time, with a
relative reduction of 19.4% per decade
(95% CI, 1.8%-33.8%). Adjusting for
these same factors as well as the 2 sig-
nificant methodological features (pro-
spective study design and clinicians par-
ticipation in classifying errors), class I
error rates also decreased significantly
over time, with a relative reduction of
33.4% per decade (95% CI, 8.4%-51.6%).

Despite these decreases, we esti-
mated that a contemporary US institu-
tion with an autopsy rate of 5% (roughly
the national average'), could observe
a major error rate of 24.4% (95% CI,
18.8%-31.1%) and a class I error rate
of 6.7% (95% CI, 3.8%-11.4%)
(FIGURE 1 and FIGURE 2, respectively).
With an autopsy rate of 37% (the me-
dian rate in the included studies), ma-
jor and class 1 error rates in the same
institution would be estimated as 17.4%
(Figure 1) and 5.8% (Figure 2). This
autopsy rate is much higher than the
rates of 15% to 20% typically achieved
in contemporary teaching hospitals®
and, therefore, has less clinical selec-
tion. Even with extrapolation to an au-
topsy rate of 100% (to eliminate the
effect of clinical selection completely),
a US institution in 2000 would be es-
timated to report a major error rate of
8.4% (95% CI, 5.2%-13.1%) and a class

©2003 American Medical Association. All rights reserved.
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I error rate of 4.1% (95% CI, 1.6%-
9.9%) (Figure 1 and Figure 2,
respectively).

COMMENT

By analyzing the results of 53 distinct
autopsy series over a 40-year period, we
have shown statistically significant de-
creases over time for major and class I
diagnostic errors detected at autopsy.
By contrast, individual studies com-
paring rates of autopsy-detected diag-
nostic errors from different periods have
found strikingly unchanged error
rates.®125738 These previous results al-
most certainly reflect inadequate power,
as well as the competing effects of im-
provements over time and increased
clinical selection as autopsy rates de-
crease. In fact, the only study with high
and nearly equal autopsy rates in all pe-
riods examined showed a significant de-
crease in major errors over time.’

The present data suggest that, among
the approximately 850000 individu-
als dying in US hospitals each year,*%
amajor diagnosis remains clinically un-
detected in at least 8.4% of cases (71400
deaths). The data also suggest that ap-
proximately 34850 of these patients
might have survived to discharge had
misdiagnosis not occurred, but this es-
timate depends on the accuracy of the
designator of class I error. Although,
this second number is more specula-
tive, given the dependence of class I er-
ror estimates on methodological fea-
tures of the primary studies, it can be
considered in the context of the Insti-
tute of Medicine’s estimates of 44000
to 98000 preventable deaths per year

due to medical error.® These latter es-
timates have been debated,’>* but the
studies from which they were derived
may not have detected many of the er-
rors reported in our analysis.

A major limitation of any systematic
review is the possibility of publication
bias. Problems with existing methods of
assessing publication bias®% are com-
pounded by the opposing directions in
which publication bias might operate.
Lack of interest might result in fewer
published reports of low error rates,

]
Table 2. Demographic Features of Included
Autopsy Series™

No. of Studies

Reporting
Major Class |
Errors Errors

Characteristic (n=42) (n=37)
Study period, y

1960-19691 1 3

1970-1979 4 6

1980-1989 23 19

1990-1999 14 9
Autopsy rate, %

10.1-20 6 3

20.1-40 18 15

40.1-60 5 5

60.1-80 8 6

>80% 5 8
Case-mix

General autopsy 15 14

Adult medical 5 4

Adult ICU 6 5

Surgery (adult or 3 4

pediatric)
General pediatric 3 2
Pediatric or 3 4
neonatal ICU

Other 7 4
Country

United States 25 19

Other 17 18

Abbreviation: ICU, intensive care unit.

*Twenty-six series reported both error types.

1Only 1 study'? included a series older than 1960. We listed
this series in the 1960-1969 group, but retained the study
period as 1959 for the regression analysis.

]
Table 3. Methodological Features of Included Autopsy Series

No. (%) of Autopsy Series
I 1

Major Class | All
Characteristic (n=42) (n=37) (n=53)
Prospective instead of retrospective design® 11 (26) 5(14) 11 (21)
Clinical diagnoses obtained from chart reviewt 20 (48) 18 (49) 27 (51)
Error classification was defined with illustrative examples, 30 (71) 30 (81) 39 (74)
or a complete list of discrepant diagnoses was provided
Clinicians involved in error judgments 30 (71) 29 (78) 37 (70)

*Eleven of the retrospective series used random samples of all autopsies rather than all consecutive autopsies in the

study period.

FIndicates diagnoses from the forms or protocols used by clinicians when requesting autopsy. Series obtaining clinical
diagnoses from conventional death certificates were excluded.

(Reprinted) JAMA, June 4, 2003—Vol 289, No. 21 2853

Downloaded from www.jama.com on January 7, 2008


http://www.jama.com

RATES OF AUTOPSY-DETECTED DIAGNOSTIC ERRORS

]
Table 4. Effects of Various Study Characteristics on Diagnostic Error Rates

Odds Ratio (95% CI)*

Major Errors

Class | Errors

Characteristic All Studies US Only All Studies US Only
Generalt
Study year 0.98 (0.96-0.99) 0.98 (0.96-1.00) 0.96 (0.92-1.00) 0.95 (0.88-1.02)
Autopsy rate 0.26 (0.14-0.49) 0.15 (0.06-0.34) 0.16 (0.04-0.61) 0.24 (0.02-2.75)
Other country 1.15(1.01-1.31) NA 1.26 (0.99-1.59) NA
Type of Patientf
Adult medical 1.33(0.92-1.91) 0.91 (0.50-1.65) 1.84 (1.06-3.20) 2.14 (1.09-4.20)
Adult ICU 1.09 (0.79-1.51) 1.23(0.88-1.72) 1.21(0.74-1.97) 212 (1.42-3.16)
Surgery 2.16 (1.53-3.06) 2.75 (1.86-4.06) 3.01 (1.66-5.43) 1.87 (0.94-3.71)
Pediatric 0.50 (0.29-0.84) 0.59 (0.36-0.95) 1.03 (0.40-2.67) 1.17 (0.568-2.34)
Pediatric and neonatal intensive care 1.12 (0.78-1.63) 0.99 (0.63-1.54) 0.56 (0.32-0.98) 0.36 (0.16-0.82)
Methodological Feature
Prospective study design 1.04 (0.89-1.21) 1.00 (0.89-1.13) 1.63 (1.19-2.23) 1.17 (0.78-1.76)
Clinical diagnoses obtained from chart review 0.88 (0.70-1.12) 0.93 (0.88-1.72) 0.93 (0.75-1.14) 1.90 (0.562-6.87)
Error definition illustrated or all discrepancies listed 1.00 (0.86-1.17) 1.20 (1.08-1.40) 0.99 (0.70-1.41) 2.08 (1.18-3.66)
Clinicians involved in classifying errors 1.12 (0.86-1.45) 0.97 (0.78-1.21) 2.09 (1.31-3.34) 0.51(0.14-1.85)

Abbreviations: Cl, confidence interval; ICU, intensive care unit; NA, not applicable; US, United States.

*Adjusting for all other characteristics in this table, except that major errors were analyzed without adjustment for any of the methodologic features and class | errors were analyzed
using only the 2 significant methodologic predictors (prospective study design and clinicians involved in classifying errors).

1Odds ratios for listed categories of case mix are relative to studies involving case mix (general autopsies), general inpatient autopsies, and general adult inpatients.

FChanges are all relative to the values obtained for the base year (1980), general autopsies, country (United States), and mean autopsy rates (46.3% for major errors and 51.3% for

class | errors).

]
Figure 1. Major Error Rates

|
Figure 2. Class | Error Rates
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Major error rates were generated from the regression
model, setting country to United States and using 3 dif-
ferent autopsy rates: 5% (roughly the national
average'®), 37% (the median rate in the included
studies), and 100%. Extrapolation to an autopsy rate
of 100% minimizes the effect of clinical selection and
thus provides a lower bound for the major error rate.

whereas self-censorship might reduce re-
ports of high error rates. Regardless of
the true net effect of publication bias on
autopsy studies, if this effect has re-
mained reasonably stable, the ob-
served decrease in published error rates
over time would still be meaningful.
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Class | error rates were generated from the regression
model, setting country to United States and using 3 dif-
ferent autopsy rates: 5% (roughly the national
average'®), 37% (the median rate in the included stud-
ies) and 100%. Extrapolation to an autopsy rate of
100% minimizes the effect of clinical selection and thus
provides a lower bound for the class | error rate. Ad-
justing for the effects of study design (prospective vs
retrospective) and clinician involvement in classifying
errors significantly impacts estimates from earlier pe-
riods, but the adjusted and unadjusted estimates con-
verge over time. For 2000, estimated class | error rates
are virtually identical regardless of primary study de-
sign and clinician involvement in classifying errors.

Only 5 studies”*'**# 2 addressed the
issue of reproducibility for the classi-
fication of autopsy-detected diagnos-

tic errors, and none provided suffi-
cient detail to permit calculation of
formal measures of agreement. The is-
sue of reproducibility is particularly im-
portant for class I errors, as no study
used validated criteria to guide review-
ers’ judgments about affects on prog-
nosis, which are known to exhibit sub-
stantial variability.**

Even more fundamental than repro-
ducibility of the error classifications is
the question of the autopsy’s charac-
teristics as a diagnostic test. Determin-
ing the sensitivity of any criterion stan-
dard, including the autopsy, presents
difficulties. As reviewed in greater de-
tail elsewhere," technically adequate
autopsies fail to establish the cause of
death in 1% to 5% of cases, although
some studies have reported substan-
tially higher rates of persistent diag-
nostic uncertainty after autopsy,* es-
pecially in perinatal deaths.®”%

Only 1 study™ has assessed agree-
ment among pathologists in determin-
ing principal underlying diseases and
causes of death. Four pathologists in-
dependently reviewing 35 autopsies re-
ported excellent to near perfect agree-
ment for determining the principal
disease (ie, underlying cause of death),
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with k values between 0.83 and 0.97 for
the different pathologist pairs. For as-
signments of the immediate cause of
death, however, the pathologists exhib-
ited only moderate to substantial agree-
ment (k values ranging from 0.43-0.75).

We used the term error throughout
our analysis because of its ubiquitous
presence in the autopsy literature. How-
ever, it remains unclear to what extent
clinically missed diagnoses represent er-
rors per se, rather than acceptable lim-
its of antemortem diagnosis in the face
of atypical clinical presentations. In fact,
because the vast majority of autopsy
studies come from teaching hospitals,
published autopsy series may be en-
riched for atypical cases. Nonetheless,
the autopsy has historically helped de-
fine how cases that previously ap-
peared atypical could more commonly
be recognized antemortem. Repeated de-
tection of certain missed diagnoses may
result in the recognition that some pat-
terns of presentation are more typical
than previously appreciated.

For many physicians, interest in the
autopsy as a means of detecting clini-
cally missed diagnoses is undoubtedly
offset by concerns over litigation. Only
1 study?®* explicitly addressed the ques-
tion of whether autopsy findings influ-
ence malpractice claims. In this series of
176 autopsies from the University of
Pittsburgh Medical Center (Pitts-
burgh, Pa) in 1994, follow-up of all cases
after the statute of limitations on mal-
practice suits had expired identified only
1 malpractice suit. Review of the hos-
pital record indicated that the intent to
proceed to litigation in that case had be-
come clear prior to the patient’s death.

In addition to their intrinsic clinical
interest, missed diagnoses detected at au-
topsy may have important implications
for research. Health services research-
ers are accustomed to the problem that
administrative databases contain system-
atic errors and biases compared with the
medical record.”""” The data presented
here indicate that the medical record it-
self contains substantial inaccuracies re-
garding the principal diagnoses causing
or contributing to death. Since princi-
pal diagnoses and causes of death are de-
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termined without autopsy in the vast ma-
jority of cases, vital statistics, clinical
registries, and even randomized trials
capture incorrect causes of death at rates
comparable with the major error rates in
our analysis. These inaccuracies have im-
portant policy implications, as major
funding and policy decisions derive in
part from vital statistics and other esti-
mates of disease burden.™7°

Correcting such inaccuracies would
not require substantial increases in au-
topsies at all hospitals. Perhaps a small
group of hospitals funded to perform au-
topsies in a high percentage of deaths and
according to a uniform protocol could
generate accurate error rates appropri-
ate for correcting the information con-
tained in routinely generated death cer-
tificates and other epidemiological
databases. Data from such a program
would also provide the opportunity to
develop an approach to enhancing the
selection of autopsies likely to reveal im-
portant unsuspected diagnoses. Ex-
plicit selection of autopsy cases on the
basis of diagnostic uncertainty would
represent an advance over current au-
topsy selection, which is likely deter-
mined in large part by patients’ demo-
graphic characteristics (especially
age’”) and by clinicians’ comfort in re-
questing autopsy.®*#! Most impor-
tantly, further research conducted in cen-
ters with high autopsy rates would permit
development of strategies for using au-
topsy findings to improve subsequent
clinical performance.
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