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DESPITE RECOGNITION OF

medical injuries as a lead-
ing cause of death and pa-
tient safety as a critical area

for improvement,1-4 the overall ap-
proach to patient safety (eg, focusing
on medical injuries)5,6 and defini-
tional issues (eg, what is considered pre-
ventable)7,8 remains debated. Medical
injuries can happen during all stages of
the complicated process of care, vary
widely in nature, and are relatively in-
frequent. The lack of standard tax-
onomy, in addition to definitional is-
sues, in large part explains why so little
is known about the prevalence, ad-
verse outcomes, and effective preven-
tion of medical injuries.7,9-12

The limited research on medical in-
juries has primarily relied on medical
record abstraction conducted ad hoc
and on a small scale.2,13-17 Medical re-
cords contain rich clinical details that
allow identification of various injuries
and close calls and analysis of circum-
stances and causes. However, trans-
forming medical records into useful re-
search data on medical injuries is
resource intensive and requires excep-
tional knowledge and skills in medi-
cal context and research methods. Al-
ternative systems for research include
mandatory and voluntary reports, drug
safety surveillance, nosocomial infec-

tion surveillance, and medical malprac-
tice data.2,18 All of these data systems
have limitations, and obtaining access
for research purposes may be difficult.
For example, approximately 20 US
states mandate reporting of serious ad-
verse events,19 but no published study
has ever used these data, most likely be-
cause they are strictly guarded from the
public and researchers.

Administrative data are a potential
source of information on medical in-
juries. Administrative data are regu-
larly collected and maintained for

reimbursement and management pur-
poses; are computer readable, inexpen-
sive to analyze, and longitudinal; and
cover large populations. These data
have been used to reveal startling small-
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Context Although medical injuries are recognized as a major hazard in the health
care system, little is known about their impact.

Objective To assess excess length of stay, charges, and deaths attributable to medi-
cal injuries during hospitalization.

Design, Setting, and Patients The Agency for Healthcare Research and Quality
(AHRQ) Patient Safety Indicators (PSIs) were used to identify medical injuries in 7.45
million hospital discharge abstracts from 994 acute-care hospitals across 28 states in
2000 in the AHRQ Healthcare Cost and Utilization Project Nationwide Inpatient Sample
database.

Main Outcome Measures Length of stay, charges, and mortality that were re-
corded in hospital discharge abstracts and were attributable to medical injuries ac-
cording to 18 PSIs.

Results Excess length of stay attributable to medical injuries ranged from 0 days for
injury to a neonate to 10.89 days for postoperative sepsis, excess charges ranged from
$0 for obstetric trauma (without vaginal instrumentation) to $57727 for postopera-
tive sepsis, and excess mortality ranged from 0% for obstetric trauma to 21.96% for
postoperative sepsis (P�.001). Following postoperative sepsis, the second most seri-
ous event was postoperative wound dehiscence, with 9.42 extra days in the hospital,
$40323 in excess charges, and 9.63% attributable mortality. Infection due to medical
care was associated with 9.58 extra days, $38656 in excess charges, and 4.31% at-
tributable mortality.

Conclusion Some injuries incurred during hospitalization pose a significant threat
to patients and costs to society, but the impact of such injury is highly variable.
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area variations in health care and clini-
cal practice patterns since the 1970s20

and to conduct outcomes research since
the 1980s.21 In the early 1990s, Iez-
zoni et al22 developed a Complications
Screening Program to screen system-
atically for quality gaps using admin-
istrative data. Soon after, researchers at
the Agency for Healthcare Research and
Quality (AHRQ)23 developed similar
quality indicators. In response to the in-
creased need for patient-safety tools, the
AHRQ recently developed and re-
leased the Patient Safety Indicators
(PSIs), which are specifically de-
signed for screening administrative data
for incidences of concern related to pa-
tient safety.24

This study uses the PSIs and admin-
istrative data to assess excess length of
stay (LOS), charges, and deaths attrib-
utable to medical injuries during hos-
pitalization. Recognizing the limita-
tions of these data, we draw conclusions
based on multivariable matching analy-
sis, which compares medical injury
cases with controls that share similar
characteristics, and regression analy-
sis, which compares all cases and con-
trols and adjusts for confounding fac-
tors available in administrative data.

METHODS
Data and Variables

The primary source of data for this study
was the 2000 Healthcare Cost and Uti-
lization Project Nationwide Inpatient
Sample (NIS) developed by the AHRQ.
The 2000 NIS file contained 7.45 mil-
lion uniform hospital discharge ab-
stracts for all inpatient stays from 994
acute-care general hospitals across 28
states, approximating a 20% stratified
sample of nonfederal acute-care hospi-
tals in the United States.25 The NIS in-
cludes variables on sources and types of
admissions, diagnosis related groups
(DRGs), 15 International Classification
of Diseases, 9th Edition, Clinical Modifi-
cation (ICD-9-CM) diagnosis codes, 15
procedure codes, procedure days from
admission, discharge status, LOS, total
charges, patient demographic charac-
teristics, insurance coverage, and a few
hospital characteristic variables.

To account for severity of illness at
admission, we used the method previ-
ously described by Elixhauser et al26 to
define 30 comorbid diseases and 3M
Corporation’s (St Paul, Minn) All Pa-
tient Refined (APR)–DRG system27 to
define 4 disease stages pertaining to risk
of death and expected resource con-
sumption. The comorbid diseases were
summarized into indices in a 2-step pro-
cess. We first estimated the regression
coefficients of the 30 comorbidities on
in-hospital mortality, LOS, and total
charges, respectively, using all dis-
charges in the 2000 NIS and control-
ling for age, sex, race/ethnicity, insur-
ance status, and DRG fixed effects. The
logistic regression of mortality pro-
duced a c statistic of 0.926. In the sec-
ond step, the significant positive coef-
ficients, which indicated independent
effects of the presence of comorbid dis-
eases on LOS, charges, and probabil-
ity of death, were used as relative
weights to summarize the comorbidi-
ties into indices. Preliminary analysis
showed that the resulting 3 comorbid-
ity indices were highly correlated
(R�0.96) and were also correlated with
disease stages (R�0.50). We recog-
nized that the presence of a comorbid
disease could shorten LOS and reduce
charges by leading to an early death, re-
sulting in negative coefficients in LOS
and charge regressions contrary to the
objective of the measures. The APR-
DRG, however, may inappropriately in-
corporate preventable complications in
defining disease staging.27 Based on
these preliminary analyses and consid-
erations, we used the methods of Charl-
son et al,28 Romano et al,29,30 and Ghali
et al31 in choosing the index based on
excess probability of death associated
with comorbidities for our analysis.

Identifying Medical Injuries
During Hospitalizations
We used the AHRQ PSIs to identify
medical injuries during hospitaliza-
tion. The University of California–
Stanford Evidence-Based Practice Cen-
ter, with funding and collaboration from
the AHRQ, developed the PSIs through
a 5-step process.32,33 First, the litera-

ture was reviewed to develop a list of
candidate indicators and to collect in-
formation about their validity and reli-
ability. Second, several clinician panels
were formed to evaluate the clinical sen-
sibility and to suggest revisions of the
candidate indicators. Third, ICD-9-CM
coding experts were consulted to en-
sure that the definition of each indica-
tor reflected the intended clinical situ-
ation. Fourth, an empirical analysis of
the promising indicators was con-
ducted using Healthcare Cost and Uti-
lization Project data. Lastly, PSI soft-
ware and documentation were produced
for public release by the AHRQ.

The AHRQ PSIs include 20 indica-
tors with reasonable validity, specific-
ity, and potential for fostering quality
improvement. Details on variables and
ICD-9-CM codes used to define these
PSIs are available elsewhere.24,34 Our
analysis excluded 2 indicators, death in
low-mortality DRGs and failure to res-
cue, because cases in both of these in-
dicators died during hospitalization,
and analyses of excess LOS and charges
would not be meaningful.

Analytical Approach
Adequate control of confounding is the
major challenge to attributing adverse
outcomes correctly to medical inju-
ries in administrative data–based analy-
ses. The LOS, charges, and mortality for
hospital stays differ by principal rea-
sons for admission, severity of illness,
comorbid diseases, and other patient
demographic and socioeconomic char-
acteristics.35 Patient outcomes also dif-
fer across hospitals.13 Of special con-
cern is the variation across hospitals in
numbers of diagnosis codes used and
coding variation,36 which inevitably
affect the medical injuries flagged by
AHRQ PSIs and comorbidities defined
by the approach described by Elix-
hauser et al.26

Identification of a relatively homo-
geneous risk pool for each PSI re-
moves some confounding varia-
tion.22,23 The standard approach to risk
adjustment is regression analysis with
outcomes regressed against an indica-
tor and confounding factors. How-
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ever, these regressions easily produce
small, statistically significant, and of-
ten biased findings because of limited
clinical details, extreme imbalance of
few cases vs large number of controls,
substantial misclassification of medi-
cal injuries in terms of false-negative
and false-positive results, and difficul-
ties in model specification.37

Our primary approach to confound-
ing was multivariable matching, which
is a relatively new method in assessing
treatment effects in observational stud-
ies in which assignment to case or con-
trol group is not at random.38-42 This
method matches cases and controls on
known characteristics to produce a con-
trol group that mimics the case group.
When the cases are rare and controls are
plentiful, as is the case in administra-
tive data–based medical injury analy-
sis, each case can be matched to 1 or to
many controls.42,43 Our approach ex-
panded on several earlier studies of
medical injuries that used matching.
Classen et al44 and Bates et al45 matched
cases of adverse drug reactions (ADRs)
with controls on DRG, severity, comor-
bidity, and patient sociodemographic
characteristics to estimate excess LOS,
charges, and deaths attributable to ADRs.
In another study, Bates et al46 matched
patients with ADRs with patients from
the same hospital unit and similar pre-
event LOS to study risk factors for ADRs.
Jensen et al47 matched cases of hospital-
acquired Staphylococcus aureus infec-
tions with patients with the same prin-
cipal diagnosis at admissions to identify
risk factors among unmatched factors,
such as age and anemia.

We matched each identified medical
injury case with up to 4 controls from
the same hospitals and with the same
DRG, sex, white or nonwhite race, and
age within 10 years. We further matched
cases without any comorbidity with con-
trols without any comorbidity and
matched cases and controls with comor-
bidities within a 1% difference in risk of
death due to comorbidities. The match-
ing algorithm first selects controls that
meet the matching criteria and then ran-
domly selects 4 controls if more than 4
eligible controls are found. Matching
more controls with each case reduces the
impact of random variation in eligible
controls. However, even armed with a
large database, we were not able to find
4 controls for most cases. Our initial
analysis suggests that a 1-to-4 match is
a good compromise.

For any given PSI, excess LOS was
calculated as the difference between

LOS for a case and mean LOS for avail-
able controls for each matched set, and
the mean excess LOS and its SE were
then calculated for all matched sets. Un-
matched cases and controls were dis-
carded. Similar processes were used to
calculate excess charges and excess
mortality.

We also computed linear and logistic
regressions to estimate excess out-
comes attributable to medical injuries to
provide comparisons with matching
analyses. Regression analyses used SAS
PROC GLM, PROC MIXED, and an SAS
macro for the mixed-effect model
(GLIMMIX)48 to adjust for hospital and
DRG fixed effects and patient variables.
For computation convenience, we even-
tually used PROC GLM to estimate the
excess LOS and charges where DRG and
hospital fixed effects were adjusted but
not calculated. PROC GLM was also used
to estimate excess mortality to ensure di-
rect comparability with the estimates
from matching analysis. In contrast with
matching analysis, where only matched
cases and controls were used, regres-
sion analysis included all cases and all
controls from associated risk pools. The
regression analyses provide a cross-
validation of our matching estimates in
light of the limitations of administra-
tive data. P�.05 was considered statis-
tically significant for all analyses.

RESULTS
TABLE 1 and TABLE 2 describe the char-
acteristics of the 994 hospitals and the
7448149 patient discharges in the 2000
NIS data. Although the 2000 NIS was
constructed from 28 states that volun-
tarily contributed data, characteristics
of the included patients and hospitals
closely mirror the 2000 National Hos-
pital Discharge Survey in patient age
and sex49 and the 2000 American Hos-
pital Association Annual Survey in the
4 hospital variables (data available from
the authors).

TABLE 3 lists the 18 PSIs along with
the number of PSI events, the risk pool,
and the event rate for each indicator. The
rates of the PSIs ranged from 0.004
(transfusion reactions) to 224.21 (ob-
stetric trauma in vaginal delivery with

Table 1. Hospital Characteristics (N = 994)

Hospital
Characteristics

No. (%) of
Hospitals

Hospital control
Public 234 (23.5)
Nonprofit 620 (62.4)
For profit 140 (14.1)

Location/teaching status
Rural 447 (45.0)
Urban nonteaching 381 (38.3)
Urban teaching 166 (16.7)

No. of beds*
Small 344 (34.6)
Medium 315 (31.7)
Large 335 (33.7)

Region
Northeast 139 (14.0)
Midwest 286 (28.8)
South 381 (38.3)
West 188 (18.9)

*The Healthcare Cost and Utilization Project hospital size
designations of small, medium, and large based on num-
ber of beds varied by region and rural/urban locality.

Table 2. Patient Characteristics
(N = 7 448 149)

Patient
Characteristics Patients, %

Age, y
�17 17.5
18-39 22.4
40-64 25.1
�65 34.9

Sex
Male 40.7
Female 59.3

Race/ethnicity
White 53.4
Black 10.0
Hispanic 8.7
Other/unknown 27.9

Annual income by
ZIP code area, $

1-24 999 8.6
25 000-34 999 29.3
35 000-44 999 25.9
�45 000 34.4

Primary insurance
Medicare 36.0
Medicaid 16.5
Private 39.1
Uninsured 4.5
Other 3.8

Comorbidity
Without comorbidity 51.7
Comorbidity index* 3.77 (2.39)

*Mean (SD) comorbidity index score (possible range of
scores, 0 = 33.81, with higher scores indicative of greater
comorbidity).
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instrumentation) per 1000 discharges.
The rates cannot be directly compared
across PSIs because the denominator for
each PSI is determined by specific in-
clusion and exclusion criteria. For ex-
ample, the risk pool for postoperative
sepsis includes patients admitted for se-
lective surgery without a primary diag-
nosis of infection and without any
diagnosis indicating immunocompro-
mised state or cancer, whereas the risk
pool for trauma to a neonate includes
only live births.

Table 3 also reports the percentage
of cases with at least 1 matching con-
trol. The matching rates varied from
33% for postoperative sepsis to 99% for
obstetric trauma following cesarean de-
livery. As expected, matching rates were
higher in homogeneous situations such
as birth-related discharges than in more
complicated situations such as surgery-
related discharges. Unmatched cases,
which were deleted from the match-
ing analysis, differed from matched
cases in patient demographics and se-
verity and the degree and direction of
difference varied across PSIs. For ex-
ample, unmatched cases with a for-
eign body left during a procedure had
more comorbid diseases than did
matched cases (25% vs 74%), but un-
matched cases of iatrogenic pneumo-
thorax had fewer comorbid diseases
than did matched cases (57% vs 50%).
The number of matches obtained also
varied among PSIs. Using foreign body
left during a procedure as an example,
69% of cases had at least 1 match, 57%
had at least 2 matches, 47% had at least
3 matches, and 40% had 4 matches.

TABLE 4 presents the excess LOS,
charges, and mortality attributable to the
PSI events based on the matching analy-
sis. Excess LOS attributable to PSI events
ranged from 0 days for injury to a neo-
nate to 10.89 days for postoperative sep-
sis; excess charges ranged from $0 for
obstetric trauma (without vaginal in-
strumentation) to $57727 for postop-
erative sepsis; and excess mortality
ranged from 0% for obstetric trauma
to 21.92% for postoperative sepsis
(P�.001). The most serious event ap-
peared to be postoperative sepsis, fol-

lowed by postoperative wound dehis-
cence, with 9.42 extra days, $40323 in
excess charges, and 9.63% attributable
mortality. Infection due to medical care
was associated with 9.58 extra days,
$38656 in excess charges, and 4.31% at-
tributable mortality. Birth trauma and
anesthesia complications appeared to
have the lowest impact on these out-
come measures, although the patients
with these events undoubtedly experi-
enced other significant outcomes that
were not captured by the PSIs.

Regression analysis based on all cases
and controls produced similar results
(data available from the authors). The
largest differences between the 2 sets
of estimates were 8% for LOS esti-
mates and 18% for charge estimates. Al-
though the differences between ex-
cess mortality estimates were small, the
matching estimates doubled the regres-
sion estimates for foreign body left
during a procedure (1.13% vs 2.14%)
and postoperative wound dehiscence
(4.32% vs 9.63%).

COMMENT
This study identified a substantial num-
ber of cases that were likely to be medi-
cal injuries that resulted from failure in
the process of care in hospitals. The PSI
rates may represent only the tip of the
iceberg and are in fact substantially
lower than those reported from other
sources of data for individual types of
events.50 For example, previous stud-
ies reported that foreign bodies left dur-
ing procedures were approximately 1
in 1000 to 1500 intra-abdominal op-
erations51,52 and reported decubitus ul-
cer at 7.5% of discharges,53 but our
analysis suggests approximately 1 in
100000 and 2.2%, respectively.

Although this study adds little to the
scant knowledge about the national
prevalence of various types of medical
injuries, it provides significant insights
into the adverse effects of selected medi-
cal injuries on patients and health care
resources. Previously, a number of stud-
ies used medical records from single in-
stitutions to examine excess LOS,44

Table 3. Patient Safety Events and Multivariable Matching Rates*

Patient Safety Indicators
No. of
Events

Risk
Pool

Rate per 1000
Discharges

at Risk
Match

Rate, %

Accidental puncture or laceration 11 810 5 628 112 3.32 75

Birth trauma, injury to neonate 4740 720 021 6.53 96

Complications of anesthesia 1369 1 933 085 0.71 74

Decubitus ulcer 41 440 1 932 676 21.51 56

Foreign body left during procedure 536 6 572 845 0.09 69

Iatrogenic pneumothorax 3919 5 861 689 0.67 66

Obstetric trauma, cesarean birth 1138 191 227 6.97 99

Obstetric trauma, vaginal birth with
instrumentation

12 518 51 225 224.21 95

Obstetric trauma, vaginal birth without
instrumentation

51 223 591 752 86.61 99

Postoperative hemorrhage or hematoma 3494 1 695 495 2.06 69

Postoperative hip fracture 1068 1 397 898 0.77 51

Postoperative physiologic and metabolic
derangement

799 801 702 1.00 44

Postoperative pulmonary embolism or deep
vein thrombosis

15 704 1 689 662 9.34 61

Postoperative respiratory failure 2275 633 855 3.58 37

Postoperative sepsis 2592 229 853 11.25 33

Postoperative wound dehiscence 843 411 099 2.05 55

Selected infection due to medical care 11 449 5 752 102 1.99 63

Transfusion reaction 30 6 572 845 0.004 80

*Number of events and denominators are defined by the Agency for Healthcare Research and Quality Patient Safety
Indicator (PSI) algorithm. Four matching controls were sought for each PSI case following the predefined matching
rules: same hospital, diagnosis related group, and sex; white vs nonwhite race; within 10 years of difference in age;
no comorbidity; and risk of death due to comorbidities less than 1% among those with comorbidities. Matching rates
are the percentages of PSI cases that were matched with at least 1 control.
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cost,44,45 and deaths44 attributable to ad-
verse drug events in hospitalized pa-
tients. The Harvard Medical Practice
Study used data from medical records
from small samples of hospitals to esti-
mate deaths and total health care costs
attributable to medical injuries in New
York State54,55 and Colorado and Utah.16

Based on such studies of limited scale,
the landmark report by the Institute of
Medicine2 in 1999 concluded that medi-
cal injuries result in 44000 to 98000
deaths and $17 billion direct health care
costs annually. The study by Kalish et
al56 is an exception. They used hospital
administrative data from 404 Califor-
nia acute-care hospitals to show that pa-
tients undergoing major surgery who
had 1 or more of the 26 types of com-
plications identified had longer stays
(13.5 vs 5.4 days) and higher total
charges ($30896 vs $9239). However,
like all previous work, this analysis
grouped all medical injuries together and
failed to account for the clinical hetero-
geneity of medical injuries and their dif-
ferent consequences. Our study for the
first time provides specific estimates for
excess LOS, charges, and mortality due
to each of the 18 specific types of medi-
cal injuries.

Our matching methods drew conclu-
sions based primarily on matched cases
and controls, which greatly reduces con-
founding but also limits our ability to use
weights and make national extrapola-
tion. However, given that our data in-
clude discharge abstracts from an ap-
proximate 20% sample of US hospitals
and, therefore, the national estimates
could be 5 times higher, one can infer
that the 18 types of medical injuries may
add to a total of 2.4 million extra days
of hospitalization, $9.3 billion excess
charges, and 32591 attributable deaths
in the United States annually. Assum-
ing an average cost-charge ratio of ap-
proximately 0.5, as previously sug-
gested,57 the total national health care
costs for the 18 types of medical inju-
ries identified by the PSIs could be $4.6
billion. It is not surprising that our es-
timates are lower than the Institute of
Medicine estimates because our esti-
mates cover only selected types of medi-
cal injuries that were discovered dur-
ing hospitalization and were recorded as
ICD-9-CM codes. Nevertheless, our es-
timates clearly support the Institute of
Medicine’s contention that medical in-
juries are a serious epidemic confront-
ing our health care system.

Several limitations should be recog-
nized in interpreting these results. First,
the reliability and validity of the AHRQ
PSIs depend on the accuracy and com-
pleteness of ICD-9-CM coding in the
administrative data. There may be vari-
ous coding errors. Some relevant diag-
noses may not be coded. Number of
codes recorded and coding practices may
vary across hospitals.36 Financial incen-
tives and fear of retribution could also
affect the accuracy of the codes.58,59 Sec-
ond, the ICD-9-CM system was not de-
signed to identify medical injuries and,
therefore, is not clinically precise for this
purpose.60-62 Some PSIs, such as a for-
eign body left during a procedure, are
unequivocally medical injuries in the
process of care, but others, such as post-
operative hemorrhage, may be in part
due to patient conditions and in part due
to failure in care. Administrative data–
based tools, although generally high in
specificity (ie, low in false-positive
results),62 are low in sensitivity (ie, high
in false-negative results) in identifying
medical injuries.63-66 Because of these
issues, coupled with substantial under-
reporting, the AHRQ PSIs are not de-
finitive measures of medical injuries and
have limited validity as measures for

Table 4. Excess Length of Stay, Charges, and Mortality Attributable to Patient Safety Events*

Patient Safety Indicators
Excess
LOS, d

P
Value

Excess
Charge, $

P
Value

Excess
Mortality, %

P
Value

Accidental puncture or laceration 1.34 (0.08) �.001 8271 (344) �.001 2.16 (0.20) �.001

Birth trauma, injury to neonate −0.09 (0.08) .27 298 (295) .32 −0.08 (0.07) .27

Complications of anesthesia 0.17 (0.90) .26 1598 (660) .02 0.24 (0.36) .51

Decubitus ulcer 3.98 (0.10) �.001 10 845 (368) �.001 7.23 (0.23) �.001

Foreign body left during procedure 2.08 (0.68) .002 13 315 (3329) �.001 2.14 (1.06) .04

Iatrogenic pneumothorax 4.38 (0.24) �.001 17 312 (1091) �.001 6.99 (0.73) �.001

Obstetric trauma, cesarean birth 0.43 (0.14) .003 2718 (551) �.001 −0.02 (0.02) .32

Obstetric trauma, vaginal birth with instrumentation 0.07 (0.02) �.001 220 (104) .03 0.00 .32

Obstetric trauma, vaginal birth without instrumentation 0.05 (0.01) �.001 −93 (66) .16 0.00 �.99

Postoperative hemorrhage or hematoma 3.94 (0.27) �.001 21 431 (1257) �.001 3.01 (0.46) �.001

Postoperative hip fracture 5.24 (0.69) �.001 13 441 (1945) �.001 4.52 (1.34) �.001

Postoperative physiologic and metabolic derangement 8.89 (0.75) �.001 54 818 (5099) �.001 19.81 (2.27) �.001

Postoperative pulmonary embolism or deep vein thrombosis 5.36 (0.15) �.001 21 709 (747) �.001 6.56 (0.33) �.001

Postoperative respiratory failure 9.08 (0.57) �.001 53 502 (3121) �.001 21.84 (1.46) �.001

Postoperative sepsis 10.89 (0.90) �.001 57 727 (3077) �.001 21.92 (1.47) �.001

Postoperative wound dehiscence 9.42 (0.72) �.001 40 323 (3467) �.001 9.63 (1.55) �.001

Selected infection due to medical care 9.58 (0.23) �.001 38 656 (1026) �.001 4.31 (0.35) �.001

Transfusion reaction 3.44 (1.94) .09 18 929 (10 068) .07 −1.04 (1.04) .33

*Data are expressed as mean (SE). Excess length of stay (LOS) is the difference in LOS for a case and a matching control or mean LOS for controls if multiple matching controls
were found. The paired t test was used to test the hypothesis of whether mean excess LOS is significantly different from 0. Excess mortality and charges were calculated similarly.
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quality of care. Third, lack of clinical de-
tails limits the potential of administra-
tive data in risk adjustment, which could
result in biases in both matching and re-
gression analysis. Fourth, the sheer size
of administrative data can often give the
illusion of great precision and power,37

which, coupled with missing confound-
ing variables and difficulties in statisti-
cal model selection, often results in bias
in administrative data–based analysis.
Lastly, a PSI is defined by a group of
ICD-9-CM codes that may not necessar-
ily reflect clinically homogeneous prob-
lems. In the case of anesthesia compli-
cations, for example, the problems could
be anesthetic overdose, reaction, or en-
dotracheal tube misplacement, each af-
fecting patients in a different way.

The AHRQ PSIs incorporated the lat-
est understanding of the potentials and
limitations of administrative data and
drew on broad consultations of clini-
cal and coding experts to ensure their
clinical validity and reliability.32,33 The
multivariable matching method took
advantageof the largenumberof records
in administrative data and allowed us
to derive estimates based on matched
cases and controls that share similar
characteristics in treatment settings,
patient conditions, and care pro-
cesses. Because the PSIs flag few false-
positive results (controls misidenti-
fied as cases) and a relatively large
number of false-negative results (uni-
dentified medical injury cases), as dis-
cussed earlier, it was more likely that
matches were done between flagged
cases and false-negative results than
between false-positive results and false-
negative results, resulting in conserva-
tive estimates. Matching, in combina-
tion with our comorbidity index,
reduced the possibility of bias associ-
ated with the lack of clinical details on
patient severity and acuity and avoided
the statistical dilemma associated with
large sample size for risk adjustment.
In addition, similar results from match-
ing and regression models offered extra
confidence in our results.

In conclusion, our results clearly
show that medical injuries in hospi-
tals pose a significant threat to pa-

tients and incur substantial costs to so-
ciety. This study also points to the need
for more research to assess patient out-
comes beyond death, charges, and LOS,
to understand circumstances and risk
factors associated with medical inju-
ries, and to develop strategies to pre-
vent medical injuries.
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Wisdom entereth not into a malicious mind, and sci-
ence without conscience is but the ruin of the soul.

—François Rabelais (c 1494-1553)
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