How Many Deaths Are
Due to Medical Error?
Getting the Number Right

coNTEXT. The Institute of Medicine (IOM) report on medical errors created an
intense public response by stating that between 44,000 and 98,000 hospitalized
Americans die each year as a result of preventable medical errors.

OBJECTIVE. To determine how well the IOM committee documented its estimates
and how valid they were.

METHODS. We reviewed the studies cited in the IOM committee’s report and related
published articles.

REsULTS. The two studies cited by the IOM committee substantiate its statement that
adverse events occur in 2.9% to 3.7% of hospital admissions. Supporting data for the
assertion that about half of these adverse events are preventable are less clear. In fact, the
original studies cited did not define preventable adverse events, and the reliability of
subjective judgments about preventability was not formally assessed. The committee’s
estimate of the number of preventable deaths due to medical errors is least substantiat-
ed. The methods used to estimate the upper bound of the estimate (98,000 preventable
deaths) were highly subjective, and their reliability and reproducibility are unknown, as
are the methods used to estimate the lower bound (44,000 deaths).

concLusioN. Using the published literature, we could not confirm the Institute of
Medicine’s reported number of deaths due to medical errors. Due to the potential
impact of this number on policy, it is unfortunate that the [OM’s estimate is not well
substantiated.

he Institute of Medicine (IOM) report on building a safer health system! creat-

ed an intense public response by stating that the number of deaths due to pre-
ventable error in the United States is between 44,000 and 98,000 per year. The report
cited two studies, one based on hospital discharges in New York in 1984? and the
other based on discharges in Colorado and Utah in 1992.* The federal government
and professional organizations responded to the public outcry by pledging to reduce
the number of errors in health care. Now, months after the release of the report, some
are asking if the number of preventable deaths is really as large as the IOM report
claims it to be.* By closely examining the two studies and the IOM committee’s
report, we had hoped to answer the question “How many deaths are due to pre-
ventable medical error?” Even after expanding our search to include related pub-
lished articles, we are unable to answer this question. Without further examination
of the original medical records, we doubt that anyone can.

Opportunities To Go Astray in Calculating the Number of
Preventable Deaths Due to Error

The IOM committee did not show how it calculated the number of deaths due to
preventable errors; as a result, any attempt to reproduce this calculation involves
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FIGURE 1. Calculation used to estimate the number of deaths in U.S. hospitals as a result of medical errors.

speculation about how the committee proceeded.
Speculation is a necessary hazard for those, like our-
selves, who want to see whether the IOM committee’s
estimates could be accurate. We organized our analysis
by considering the data that would be necessary to cal-
culate the number of Americans who die as a result of
medical errors (Figure 1).

To judge whether the IOM committee could have
accurately estimated the deaths due to preventable error,
we examined the validity of the data required to make
this calculation. In the following paragraphs, we consid-
er each part of the calculation, other than the total num-
ber of admissions, which we assume to be correct. We
summarize our findings in Table 1.

Proportion of Admissions
with an Adverse Event

“. .. adverse events occurred in 2.9% to 3.7% of
hospitalizations”

The IOM stated that “adverse events occurred in 2.9% and
3.7% of hospitalizations,” quoting the Utah—Colorado and
New York State articles, respectively.’* The two studies
used the same methods, which contained many checks to
avoid misclassification of events (see the Appendix for a
detailed summary of the two studies). Briefly, the search
for adverse events began with nurses screening hospital
records to detect findings that met at least one criterion for
an increased risk for an adverse event; one of these criteria
was death. Next, physicians reviewed screen-positive
records for evidence of an adverse event. Both studies gave
the reviewers a brief, broad definition of an adverse
event—"injury caused by medical management (rather
than by the underlying disease) and that prolonged the
hospitalization, produced a disability at the time of dis-
charge, or both”—and both relied on the reviewers’ expert
clinical judgment to decide whether an adverse event had
occurred. When reviewers identified a possible adverse
event, they used a 6-point scale to indicate their level of
confidence that the occurrence was in fact an adverse
event. The minimum level of confidence required to qual-
ify as an adverse event was a score of at least 4 on the scale
of 6. Interrater agreement about the presence of an adverse
event (based on a sample of charts) was moderate, with a k
statistic of 0.6 in one study” and 0.4 in the other.?
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In short, the two cited studies clearly substantiate
the IOM statement about the frequency of adverse
events. The care that the authors took in these two stud-
ies is a model for studies involving subjective judgments.
It seems unlikely that either study miscounted adverse
events to a serious degree in either direction. If anything,
their procedures would underestimate the number of
adverse events for two reasons: They included only
events that had been documented in the medical record,
and they studied only hospitalized patients.

Proportion of Preventable Adverse Events

“, . . over half of these adverse events
resulted from medical errors and could have
been prevented”

The two studies cited by the IOM committee do not
themselves substantiate the committee’s assertion about
the proportion of adverse events resulting from pre-
ventable errors. In fact, neither of the original studies
defined preventable adverse events or medical errors,
and the authors never tried to estimate the number of
preventable events. In a 1993 reanalysis of the New York
study,’ two of the original authors reviewed summaries
of every adverse event in the study and classified the
events as preventable (69.6%), potentially preventable
(6.0%), or not preventable (24.4%) (sec Table 1 for com-
plete definitions). Unfortunately, they did not measure
the interrater reliability of these judgments (the authors
believed that an assessment was unnecessary since inter-
rater reliability had been good in a similar but unpub-
lished study). In a 1999 reanalysis of the Colorado—Utah
study, two study investigators, including one of the
authors of the New York study, reviewed summaries of
all adverse events and judged about half to be pre-
ventable.® Although the interrater reliability was excel-
lent, it is important to emphasize that the physicians
judging preventability were examining a summary of
the events and not the medical record itself. It is unlike-
ly that the same degree of reliability would be achieved
if reviewers were faced with the entire medical record
(which contains much more information than the sum-
mary—most extraneous, but some undoubtedly ger-
mane); this concern was recently expressed by one of the
original study authors.”

her/D. b
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TABLE 1

Do the Data Cited by the Institute of Medicine Committee Support Its Statements?

VARIABLE ADVERSE EVENTS

PREVENTABLE ADVERSE EVENTS

PREVENTABLE ADVERSE EVENTS
THAT LED TO DEATH

IOM Statement “Two large studies conducted
in Colorado and Utah, and
the other in New York, found
that adverse events
occurred in 2.9 and 3.7 per-
cent of hospitalizations,

respectively.”

Source N Engl J Med, 19912; Med

Care, 2000°

Yes. Both studies were care-
fully done. The authors
point out that there was
some disagreement in
judging whether an adverse
event occurred.

Is supporting informa-
tion available from the
source?

See the Appendix for detailed
review of the two main
source articles.

Both studies listed the num-
ber of outcomes associated
with adverse events, includ-
ing death. Neither study
stated that the deaths were
due to adverse events.

Comment

“In both of these studies,
over half of these adverse
events resulted from med-
ical errors and could have
been prevented.”

Not given

Less clear; neither of the
original studies estimated
preventable adverse events.

In a 1993 reanalysis of the
New York data,® 2 of the
authors classified each
adverse event as:

Preventable*: 69.6%
Potentially preventable’: 6.0%
Unpreventable*: 24.4%

In a 1999 reanalysis of the
Colorado-Utah data,® 2 of
the original authors judged
that 55.5% and 54% of ad-
verse events in Colorado and
Utah to be “preventable.”

The 1993 reanalysis® did not
measure the reliability of
judgments about pre-
ventability, but the authors
asserted that the judgments
were reliable, citing a simi-
lar but unpublished study.

The 1999 reanalysis reported
excellent interrater reliabili-
ty (x = 0.81).6

“The results of the study in
Colorado and Utah imply
that at least 44,000 Ameri-
cans die each year as a
result of medical errors. The
results of the New York
study suggest the number
may be as high as 98,000.”

N Engl J Med, 19912; Med
Care, 2000°

No; neither study estimated
the number of preventable
adverse events that led to
death.

In the discussion section of
the 1993 reanalysis,® the
authors state that “we esti-
mate that about one-half of
the deaths caused by iatro-
genic adverse events were
preventable.”

The Colorado—Utah study
authors estimated the total
number of adverse events
associated with death in
U.S. hospitals to be 64,809
and the number of negligent
adverse events associated
with death to be 24,979.2

The authors did not present
the reasoning behind these
estimates.

*Preventable adverse events “resulted from an error (either negligent or nonnegligent) or from failure to follow accepted practices”

(e.g., wound dehiscence, recurrent disc herniation).

TPotentially preventable adverse events had no error identified, but “it is widely recognized that a high incidence of this type of
complication reflects low standards of care or technical expertise” (e.g., unexplained wound infections).

iUnprevenmble adverse events “resulted from a complication that could not be prevented based on the current state of knowledge” (e.g.,
allergic reaction to a new medicine, bone marrow depression after chemotherapy).

Effective Clinical Practice = 2000 Vol
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The two reanalyses found approximately the same
proportion of adverse events to be preventable (50% to
70%). However, only three physicians were involved in
making these judgments, and one of them participated
in both studies. It will be important to confirm their
findings by having other physicians decide when an
adverse event was preventable. Table 2 reproduces three
examples from authors of the Colorado-Utah study®
and allows readers to ask themselves what constitutes a
preventable adverse event.

Proportion of Preventable
Adverse Events That Led to Death
“ .. at least 44,000 Americans die each year as
a result of medical errors . . . the number may be
as high as 98,000”

The IOM committee did not show its calculations and
assumptions but simply cited the original reports when
it provided its estimate of 44,000 to 98,000 preventable
deaths.” 3 Neither of the source studies attempted to
define when a death resulted from a medical error. In
fact, we could not find either figure in any of the major
publications cited by the IOM committee.

How, in fact, did the IOM committee arrive at its
estimate of deaths from “preventable medical errors”? A

TABLE 2

reanalysis of the New York data by Leape and col-
leagues,” published in 1993, describes the process used to
estimate the upper bound of the range of deaths due to
preventable cited in the IOM report.
Extrapolating from the 13,451 adverse events associated
with death in New York State to the U.S. population,
they state that 198,000 adverse events led to death in
1984. They judged that 78% of cases in which an adverse
event was the proximal cause of death were preventable.
However, as they pointed out, a preventable adverse event
does not necessarily mean a preventable death, since many
of these patients would have died even if the adverse
event had not occurred. Leape and colleagues then stat-
ed that “We estimate that about one-half of the deaths
caused by iatrogenic AEs [adverse events| were pre-
ventable,” by which they appear to mean deaths that
would not have occurred without the adverse event.
This statement is the clearest description of how the
authors of these two studies decided that an adverse

Crrors

event caused a death. Leape and colleagues do not
explain how they decided which adverse events led to a
death that would not have occurred otherwise, and the
reader is left to speculate that it was a well-informed
guess based on their reading of the case summaries of
patients who died. Earlier in this article, the authors cal-

Examples of Adverse Events from Authors of the Colorado-Utah Study®*

EXAMPLE

CIRCLE ONE

A. “A 39-year-old woman employed as an engineering and science techni-

Preventable Unpreventable

cian had a laparoscopic cholecystectomy. Three days later, she devel-
oped fever and abdominal pain and was found to have a bile leak
and possible infectious peritonitis requiring 4-day hospitalization for

observation only.”

B. “A 73-year-old woman was admitted with an acute myocardial infarc-

Preventable Unpreventable

tion; she underwent cardiac catheterization and received thrombolytic
therapy. Inmediately after this treatment, she had a significant hemor-
rhage from the catheter insertion site that resulted in hypotension and

a stroke.”

C. “A 45-year-old woman employed as a computer systems analyst and

Preventable Unpreventable

scientist was admitted for a skin graft of a large non-healing post-trau-
matic thigh wound. The graft failed, resulting in a 15-day hospital
admission and an estimated six weeks off from work, with 10 outpa-
tient visits, 10 physical therapy visits, and 21 home health visits.”

*Two of these events were judged preventable. Readers are invited to classify these events themselves (for correct answers, see

end of article).
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culated that 198,000 adverse events were associated with
death in the United States in 1984, the year of their
study. Half of 198,000 is 99,000 deaths, close to the num-
ber cited by the IOM committee.

The route to the lower bound of the estimate of
deaths due to preventable error is shorter and somewhat
less circuitous, but it still ends without reaching its des-
tination. There are two pertinent articles. In the first,
the authors estimate the number of patients who sus-
tained a preventable adverse event and the number of
deaths in these patients.® This article does not extrapo-
late to the entire U.S. population. In the second article,
Thomas® extrapolated from the study sample in Utah
and Colorado to the entire United States to estimate
64,809 deaths in patients with adverse events and 24,979
deaths in patients with adverse events due to negligence
in 1992. This article does not cite an estimate of the
number of preventable adverse events, and neither arti-
cle contains an estimate of the number of deaths caused
by preventable adverse events. These studies do not
explain how the IOM committee could have calculated
the lower bound of the number of deaths caused by pre-
ventable error.

In evaluating the studies discussed in this section,
it is important to emphasize the highly subjective nature
of a judgment that a death resulted from an adverse
event. The Methods sections of both studies are entirely
silent on the methods that the authors used to attribute
a death to an adverse event. It is not clear, for example,
whether the authors had a rule by which they routinely
counted an adverse event in a patient who died as caus-
ing or contributing to the death. In 1999, one author of
the New York study reviewed the records of patients
who had a negligent adverse event and died (88% of the
deceased patients who had an adverse event).® This
author states that 14% of those patients were severely ill
and that the adverse event tipped the balance toward
death. In the remaining 86%, the error was a major fac-
tor leading to the patient’s death. This report was disap-
pointing to us because the author did not state criteria
for attributing death to the adverse event. Furthermore,
he did not engage a second physician to perform dupli-
cate reviews of each case (with a measurement of inter-
rater reliability) or, better still, excuse himself altogether
and assign the reviews to physicians who were not
authors of the study. In their original studies, the
authors of the New York and Utah—Colorado studies
used panels of physicians to identify cases in which
adverse events occurred. They took great pains to max-
imize the accuracy of the physicians’ judgments. In view
of the public attention given to preventable deaths, they
need to apply the same careful methods to the task of
deciding when an adverse event caused a death.

Effective Clinical Practice = N ber/D ber 2000 Vol 3N

In summary, the source of the upper bound of the
IOM committee’s estimate of deaths due to preventable
error appears to be two investigators’ estimate of the
proportion of fatal adverse events in which the patient
would have survived except for the adverse event (a
good definition of “preventable death”). These authors
did not describe any method for making this judgment,
and it is not clear whether they based their estimate of
“about half” by summing over a series of case-by-case
judgments or whether they made a subjective assess-
ment of the entire body of cases. We could not deter-
mine how the IOM committee estimated the lower
bound of the proportion of preventable adverse events
that caused a death.

Conclusion

If we have correctly described the situation, Americans
do not have a credible estimate of the number of deaths
caused by medical error. Without such an estimate, it is
impossible to make an informed policy decision about
how many of our limited resources should be devoted
to reducing errors as opposed to other competing
health needs. Our analysis shows that the IOM com-
mittee’s key finding, the estimated number of pre-
ventable deaths caused by medical error, depends on
(and would be highly sensitive to) the least well-sub-
stantiated measurement to come from the New York
study and the Utah—Colorado study: the proportion of
adverse events that led to a death that would not have
occurred without the adverse event. In our view, the
IOM committee has not completed its work. The com-
mittee should describe its calculations, make clear its
assumptions, explain the limitations of the data that it
used, and by some means, communicate these facts to
the U.S. public. The authors of the New York study
and the Utah—Colorado study also have some work to
do. They need to measure, with the same methodolog-
ic rigor that characterizes their original studies,”* the
number of cases in which an adverse event caused
death in a patient who otherwise would have survived.
Then, and only then, will the U.S. people have a cred-
ible estimate of the number of deaths caused by med-
ical error.

The public’s response to the published number of
deaths due to medical error, 44,000 and 98,000, has
given these numbers a life of their own, one that nei-
ther the authors of the studies nor the IOM committee
may have anticipated. Our analysis is a sharp reminder
that a scientific report, particularly one that raises seri-
ous concerns about the quality and safety of hospital
care, must carefully describe the methods used to
derive its findings.
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Take-Home Points

¢ The Institute of Medicine (IOM) report on medical
errors stated that between 44,000 and 98,000 hospitalized
Americans die each year as a result of preventable
medical errors.

¢ We reviewed the supporting evidence to examine the
validity of the IOM’s estimates.

¢ The data substantiate the IOM’s statement about the fre-
quency of adverse events among hospitalized patients.

¢ The IOM’s estimate of the number of preventable deaths
due to medical errors, however, is not well substantiated:
The methods used were highly subjective, and their relia-
bility is unknown.

¢ Given the widespread publicity accorded the IOM’s state-
ment (and its potential impact on policy), it is unfortunate
that we do not have a credible estimate of the number of
deaths due to medical errors.
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APPENDIX

Detailed Review of the Institute of Medicine Committee’s Two Main Source Articles

ISSUE

SOURCE DATA

NEW YORK STATE STUDY

UTAH-COLORADO STUDY

Definitions
Adverse event

Negligence
Error
Preventable death

Sample frame

Identifying adverse
events

Did adverse event result
in disability?

Was there evidence of
negligence?

Reliability of physician
coding (of both exis-
tence of an adverse
event and negligence)

Effective Clinical Practice =

Injury caused by medical management (rather than by the underlying disease) and that
prolonged the hospitalization, produced a disability at the time of discharge, or both.

Care that fell below the standard expected of physicians in their community.

Not defined

Not defined

All nonpsychiatric hospital discharges from
nonfederal acute care hospitals in New
York State in 1984.

All nonpsychiatric/rehabilitation/drug rehabili-
itation hospital discharges in nonfederal acute
care hospitals in Utah and Colorado in 1992.

Trained nurse and medical records analysts screened records.

If record “screened positive,” 2 physicians
(mostly board-certified internists or surgeons
trained to assess medical record for evidence
of adverse events and negligence) independ-
ently reviewed the record.

Similar methods, except only 1 physician
reviewer per case. Also, a study investigator
randomly reviewed records of physician review-
ers whose adverse event detection rate was
2 SDs below the mean in their state. If the
investigator classified >10% of records as
adverse events, the reviews were discarded and
a new reviewer examined the records.

2 study investigators also reviewed all adverse
events to eliminate false-positive results.

Physicians rated their confidence that an adverse event occurred
on a 0-6 scale (“the causation score”).
Only events with an average causation score (among the reviewers)
>4 were considered adverse events.

Incidence of adverse events = 3.7%

| | Incidence of adverse events = 2.9%

If physician confidence in the occurrence of an
adverse event was > 1, they assessed the
disability caused. Adverse events resulted in
impairments that were as follows:

Similar methods, except 2 study authors reviewed
all disability ratings. If authors felt criteria were
misapplied, the case was referred to medical
malpractice claims adjusters, who determined a
disability score.

Minimal (resolved in < 1 month): 56.8%
Moderate (resolved in > 1 month): 16.5%
Permanent (< 50% disabled): 3.9%
Permanent (> 50% disabled): 2.6%

Death: 13%

Minor temporary (or none): 50.0%
Major temporary: 31.6%

Minor permanent: 5.2%

Major permanent: 3.2%

Death: 6.6%

If yes, reviewer gave level of confidence in this judgment. Only events with an average confidence
score (among the reviewers) > 4 were considered to be due to negligence.

Proportion of adverse events due to
negligence = 27.6%

Proportion of adverse events due to negli-
gence = 32.6% (Utah), 27.5% (Colorado)

Team of analysts, several physician coders, and
physician study supervisors re-reviewed all
records that screened positive at 2 hospitals
(i.e., only 2 teams). Results of this review were
compared with those of the original with the
use of the « statistic.

500 randomly selected records re-reviewed by a
team of physicians in each state.

Results of this review were compared with those
of the original with the use of the « statistic.

k for presence of adverse event = 0.61
k for presence of negligence = 0.24

k for presence of adverse event = 0.4
k for presence of negligence = not determined
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