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Background: The data used by the U.S. Institute of Medicine to
estimate deaths from medical errors come from a study that relied
on nurse and physician reviews of medical records to detect the
errors.

Objective: To measure the reliability of medical record review
for detecting adverse events and negligent adverse events.

Design: Medical record review.

Setting: Hospitalizations in Utah and Colorado in 1992.

Measurements: After three independent reviews of 500 medical
records, the following were measured: reliability and the effect of
varying criteria for reviewer confidence in and reviewer agreement
about the presence of adverse events.

Results: For agreements in judgments of adverse events among
the three sets of reviews, the � statistics ranged from 0.40 to 0.41
(95% CIs ranged from 0.30 to 0.51) for adverse events and from
0.19 to 0.23 (CIs, 0.05 to 0.37) for negligent adverse events.
Rates for adverse events and for negligent adverse events varied
substantially depending on the degree of agreement and the level
of confidence that was required among reviewers.

Conclusion: Estimates of adverse event rates from medical
record review, including those reported by the Institute of Medi-
cine in its 2000 report on medical errors, are highly sensitive to
the degree of consensus and confidence among reviewers.
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Implicit judgments, based on medical record review,
about adverse events caused by medical care have

moderate to poor inter-rater reliability (1–7). However,
the influential report on medical errors issued by the
U.S. Institute of Medicine (IOM) in 2000 (8) relied on
studies based on medical record review to estimate that
44 000 (9) to 98 000 (10) Americans die each year be-
cause of medical errors. These studies used one (9) or up
to three (10) physician reviewers per record to detect
adverse events.

The IOM estimates are important because they have
prompted health care providers and administrators to
reduce errors and have influenced the U.S. research bud-
get. We report details on the reliability of physician
judgments about adverse events and negligent adverse
events in the study from which the IOM derived its
estimate of 44 000 error-related deaths per year (9). We
also report the effects of varying criteria for reviewer
confidence in and reviewer agreement about the pres-
ence of adverse events.

METHODS

Data Sources
This study was conducted as part of the Utah and

Colorado Medical Practice Study (UCMPS) (5). In
UCMPS, trained nurses reviewed medical records to

identify 1 of 19 screening criteria that could indicate the
presence of an adverse event. A trained physician then
reviewed flagged records by using a structured chart ab-
straction form. Previously, the nurse review process was
found to be a good screening tool, with a sensitivity of
84% (1).

We began the current study with all 2868 records
referred for physician review by nurse screeners from the
original 15 000-record sample (5000 from Utah and
10 000 from Colorado) (Appendix Figure). Two physi-
cian investigators confirmed all adverse events detected
during this initial review. As a result of this confirmation
process, we eliminated 13 false-positive cases. We elim-
inated cases only if they failed to meet explicit criteria
for an adverse event, not if there was a concern about
the reviewer’s judgment regarding whether medical
management caused the adverse event.

Next, we randomly selected 500 of the 2868 records
referred for physician review by nurse screeners (167
from Utah and 333 from Colorado), maintaining the
original 1 to 2 ratio of Utah to Colorado records (Ap-
pendix Figure). The general characteristics of this sam-
ple are described elsewhere (5). Of these 500 records,
400 were randomly sampled from referred records that a
single physician reviewer had previously judged to show
no adverse events. Fifty records were randomly sampled
from records initially found to show nonnegligent ad-
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verse events, and the remaining 50 were sampled from
records initially judged to show negligent adverse events.
This mix provided a sample similar to the one originally
reviewed by the physicians.

Record Review
We completed three independent physician reviews

of the original 500 medical records (not photocopies).
The first was the original review for the UCMPS. The
two subsequent physician reviews were conducted by
physicians from the original UCMPS and by newly re-
cruited physician reviewers who were trained in the
same manner as the original UCMPS physician review-
ers (5). Physicians could participate in more than one
review; however, all reviewers were blinded to the pur-
pose of these additional reviews, and none of them re-
viewed a record that they had previously reviewed. All
physician reviewers used the same data form, which in-
cluded the same definition of adverse event: an injury
caused by medical management (rather than the disease
process) that resulted in prolonged hospital stay or dis-
ability at discharge. Negligence was defined as care that
fell below the standard expected of physicians in the
community.

Because judgments about adverse events may be
complex, reviewers used a six-point confidence scale that
has been used in previous studies (5, 6). We required a
confidence score of at least four (�50% chance that
medical management caused the adverse event) to indi-
cate the presence of adverse events or negligent adverse
events. For each of the three reviews, two investigators
independently reviewed all detected adverse events to
confirm that they met the study criteria.

Statistical Analysis
We calculated the rates of adverse events and negli-

gent adverse events detected during each review. We
report � statistics for adverse events and negligent ad-
verse events as the measure of inter-rater reliability. For
all statistical analyses, we used SAS software, release 6.12
(SAS Institute, Inc., Cary, North Carolina).

Role of the Funding Source
The funding source contributed to the design of the

study but had no role in conducting the study or in
reporting its results.

RESULTS

The first independent review of the study sample
detected 64 adverse events; the second, 95; and the
third, 86. Table 1 shows the agreement and disagree-
ment among the three reviews. Comparisons between
sets of reviews (review 1 compared with review 2, review
1 compared with review 3, and review 2 compared with
review 3) demonstrated similar reliability. The � statis-
tics ranged from 0.40 to 0.41 (the lowest bound of the
three 95% CIs was 0.30, and the highest was 0.51) for
adverse events and from 0.19 to 0.24 (the lowest bound
of the 95% CIs was 0.05, and the highest was 0.37) for
negligent adverse events. The former is considered

Table 1. Number of Cases Resulting in Agreement and
Disagreement among Three Sets of Reviews

Adverse Event Detected? Frequency, n (%)

Review 1 Review 2 Review 3

No No No 321 (67.6)
No No Yes 34 (7.2)
No Yes No 37 (7.8)
No Yes Yes 19 (4.0)
Yes No No 17 (3.6)
Yes No Yes 8 (1.7)
Yes Yes No 14 (3.0)
Yes Yes Yes 25 (5.3)

Context

The Institute of Medicine report that caused concern
about adverse events in hospitals relied on studies that
used medical record review to identify adverse events.

Many people question whether medical record reviews can
accurately identify negligent adverse events.

Contribution

The following changes in the review process markedly re-
duced the rates of negligent adverse events: 1) increasing
the number of reviewers from one to three and 2) requir-
ing reviewers to be highly confident that an event was
due to negligence.

Implications

Because review criteria can affect adverse event rates, the
estimates cited by the Institute of Medicine could be in-
accurate.

–The Editors
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“moderate”; the latter is considered “poor” (11). We had
hypothesized that reliability would increase as the re-
viewer confidence score required to indicate an adverse
event decreased. However, when adverse events were de-
fined as having a confidence score of two or greater
instead of four or greater, the overall � statistic for ad-
verse events decreased slightly, from 0.41 to 0.37 (P �
0.19).

Different review strategies produced different esti-
mates of the total number of adverse events and negli-
gent adverse events. Increasing the confidence score to
indicate the presence of an adverse event and increasing
the degree of consensus between independent reviewers
(agreement of one, two, or three reviewers) substantially
affected adverse event rates in this sample of 500 records
(Table 2). For example, if all three reviewers had a con-
fidence score of four or greater, the adverse event rate
would be 7.58% and the negligent adverse event rate
would be 0.82%. If we required a score of four or
greater on only one of three reviews to confirm the pres-
ence of an adverse event, the adverse event rate would be
37.68% and the negligent adverse event rate would be
15.13%. When the required confidence score was de-
creased to two, estimates among the three reviewers var-
ied even more.

DISCUSSION

We found moderate to poor inter-rater reliability
among physicians trying to identify adverse events and
negligent adverse events by medical record review. In-
creasing the required levels of reviewer confidence to
indicate the presence of an event or increasing the num-
ber of physician reviewers who detected an event re-
sulted in markedly different event rates. Similar studies
of medical record review have found almost identical
reliability (� statistics of approximately 0.4 for both
studies) (6, 7).

Our study is limited because our data come from
hospital records in two states that may not be generaliz-
able to other geographic locations. Furthermore, we
could not measure the validity of chart review because
there is no true gold standard that avoids some type of
implicit assessment.

Despite the poor to moderate reliability of medical
record review, each of the adverse events identified rep-
resents a potential opportunity for quality improvement
(12, 13). Each case involving an adverse event may con-
tain valuable information for improving patient safety.
However, researchers should use caution when estimat-
ing incidence and prevalence of errors solely on the basis
of these data.

For example, the IOM used data from our larger
study (9), which used medical record review, to estimate
that 44 000 Americans die each year of preventable ad-
verse events (or, to use the IOM term, medical errors)
(8). Our results suggest that these estimates are sensitive
to the reviewer consensus and confidence required to
indicate the presence of adverse events. The estimate of
44 000 deaths could be approximately 50% lower if the
study used to estimate that figure required independent
agreement by two physician reviewers and could be 30%
higher if the required reviewer confidence about the
presence of an adverse event was lower (Table 2). We
cannot quantify the reduction more precisely because
the IOM figures are based on judgments about the
number of preventable adverse events and our results are
based on judgments about adverse events and negligent
adverse events.

The figures for error-related death reported by the
IOM are imprecise. However, it is shortsighted to focus
on the exact number of deaths and thereby ignore the
vast additional research on errors and adverse events
cited by the IOM (8, 14). Regardless of whether the
number of annual U.S. deaths due to medical error is

Table 2. Adverse Event Rates Using Different Thresholds

Reviews in Agreement Confidence Score of 2 or Higher Confidence Score of 4 or Higher

Adverse Event Rate Negligent Adverse Event
Rate

Adverse Event Rate Negligent Adverse Event
Rate

4OOOOOOOOOOOOOOOOOOOOOOOOOOO%OOOOOOOOOOOOOOOOOOOOOOOOOOO3
1 or more 52.84 32.21 37.68 15.13
2 or more 27.16 10.95 19.16 4.00
All 3 12.21 4.00 7.58 0.82
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30 000 or 300 000, the need to test interventions to
reduce errors and adverse events is clear.

Our findings suggest that persons and institutions
interested in improving patient safety will need more
reliable methods of measurement to evaluate safety in-
terventions based on, for example, differences in error
rates before and after the intervention or between con-
trol and intervention groups in experiments. Because
low reliability of outcome measures requires larger sam-
ple sizes to detect the effects of an intervention, chart
review will often prove to be logistically and financially
unfeasible. Recent studies continue to document the low
reliability of medical record review (15), and efforts to
improve the reliability of this method have been unsuc-
cessful (16). Given this limitation, other methods of
measuring well-defined errors and adverse events, such
as direct observation of patient care, should be further
explored to potentially improve reliability.
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My mother said, “Of course,
it may be nothing, but your father

has a spot on his lung.”
That was all that was said: My father

at fifty-one could never
speak of dreadful things without tears.

When I started home,
I kissed his cheek, which was not our habit.

In a letter, my mother
asked me not to kiss him again

because it made him sad.
In two weeks, the exploratory

revealed an inoperable
lesion.

The doctors never
told him; he never asked,

but read The Home Medical Guidebook.
Seven months later,

just after his fifty-second birthday
–his eyesight going, his voice reduced to a whisper,
three days before he died–he said,

“if anything should happen to me . . .”

Donald Hall
The Old Life
Boston: Houghton Mifflin; 1996:62
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James J. Castles, MD
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