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The impact of clinically undiagnosed injuries on survival estimates
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Objectives: Missed injury diagnoses may cause potentially
preventable deaths. To estimate the effect of clinically undiag-
nosed injuries on injury-specific survival estimates and the ac-
curacy of an injury severity score. To also estimate the potentially
preventable mortality attributable to these injuries.

Design, Setting, and Patients: In a nation-wide, population-
based study, data were collected from all hospital admissions for
injuries in Sweden between 1998 and 2004. We studied 8627
deaths in hospital among 598,137 incident hospital admissions.

Measurements and Main Results: New specific-injury catego-
ries were added in 7.4% (95% confidence interval [Cl] 6.8—8.0) of
all deaths with an autopsy rate of 24.2%. It was estimated that
this proportion would have increased to 25.1% (95% CI 23.0—
27.2), if all deaths had been autopsied. The most pronounced
effect of clinically undiagnosed injuries was found for internal
organ injury in the abdomen or pelvis, where they reduced the

estimated survival from 0.83 to 0.69 (95% CI for the difference:
0.09-0.20). Autopsy diagnoses also revealed substantial bias of
survival estimates for vascular injuries in the thorax and crush
injuries to the head. The performance of the International Classi-
fication of Diseases Injury Severity Score improved when autopsy
diagnoses were added to hospital discharge diagnoses. The max-
imum proportion of injury deaths attributable to missed injuries
was estimated to be 6.5%.

Conclusions: Maintaining a high autopsy rate and merging
accurate hospital discharge data and autopsy data are effective
ways to improve the accuracy of survival estimates and mortality
prediction models, and to estimate mortality attributable to diag-
nostic failures. (Crit Care Med 2009; 37:449-455)

Kev Worbs: traumatology; outcome assessment; autopsy; sur-
vival; registries

onitoring the burden of in-

jury to patients and to so-

ciety is an important public

health issue. Although
studies based on trauma center popula-
tions and specialized trauma registers
can provide important information re-
garding trauma care, the external validity
of the results may be questioned on
grounds of regional differences and selec-
tion bias (1, 2). Population-based studies
may be more relevant from a public
health perspective. Regardless of the
study type there is need for reliable cate-
gorization of injuries and for accurate
estimates of injury severity to evaluate
outcome.
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Survival risk estimates for different in-
jury categories and injury severity scores
such as the International Classification of
Diseases Injury Severity Score (ICISS)
rely on accurate classification of patients
based on their injury diagnoses (3-5). It
is a well-known problem that injuries can
be overlooked clinically and remain un-
detected unless autopsy is performed (6—
8). Clinically undiagnosed injuries may
not only indicate deficiencies in the
trauma care system, but can also be a
consequence of inaccuracy in discharge
coding of injuries. Irrespective of the rea-
son, failure to identify all significant in-
jury diagnoses can potentially lead to
substantial misclassification of deaths,
resulting in underestimation of injury-
specific mortality risks and consequently
leading to bias in mortality prediction
models.

By merging results from autopsy with
hospital discharge diagnoses, the accu-
racy of survival risk estimates could be
increased. The Swedish unique personal
identification numbers enable reliable
matching of hospital discharge records
with autopsy data for the entire Swedish
population. This allows quantification of
the impact on survival estimates when
autopsy diagnoses are added to hospital
discharge diagnoses. It is also of interest

to try to estimate the potentially prevent-
able mortality associated with missed di-
agnoses.

The principal aim of this study was to
assess the impact of adding autopsy diag-
noses to hospital discharge diagnoses on
injury-specific survival risk estimates and
on the predictive capacity of ICISS
scores. A secondary objective was to eval-
uate the ability of different patient char-
acteristics to predict both whether au-
topsy would be performed and whether
new injuries would be found. This would
allow assessment of the relation between
autopsy rate and the number of new in-
juries discovered at autopsy. Together
with predicted survival from ICISS, this
would also allow estimation of the excess
mortality associated with clinically undi-
agnosed injuries.

MATERIALS AND METHODS

Study Population and Setting. All hospital
admissions for injury during the years 1998—
2004 were extracted from the Swedish Hospi-
tal Discharge Register. This is a complete na-
tional register maintained by the Swedish
National Board of Health and Welfare and cov-
ers all inpatient care in Sweden. The sole pur-
pose of collecting these data is future research
and there is no connection with insurance
claims or reimbursement. The register in-
cludes information about the main diagnosis,
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comorbidity (up to seven secondary diag-
noses), and cause of injury. Since 1997 the
diagnoses have been coded according to the
International Statistical Classification of Dis-
eases and Health Related Problems, 10th revi-
sion (ICD-10).

We defined a hospital admission for injury
as having a main diagnosis from chapter XIX
in ICD-10, but we excluded allergy (T78) and
complications of surgical or medical care
(T80-T88 or YA0-Y84). Late effects of injury
(T90-T98 or Y85-Y89) were also excluded. All
records that represented direct transfers from
another department or hospital were linked to
the original injury admission record using the
personal identification number and admis-
sion/discharge date. Injury admissions were
classified as readmissions a) if they were
planned; b) if the patient had been admitted
primarily to a rehabilitation facility; and/or c)
if the patient had had a previous injury admis-
sion within 360 days with the same main di-
agnosis. Readmissions were excluded, leaving
only incident injury admissions for analysis.
These patients were admitted to 112 different
hospital facilities located in all of the 21 coun-
ties (administrative healthcare regions) of
Sweden. The study was approved by the re-
gional Human Ethics Committee.

Cause of Death Data. The National Cause
of Death Register is maintained by the Swed-
ish National Board of Health and Welfare and
contains information on all deaths in Sweden.
If autopsy has been performed, it is classified
as either clinical or forensic. Records from the
cause of death register were matched to
records from the hospital discharge register
through the personal identification number.

Classification of Injury Diagnoses. ICD-10
is a valuable tool for coding of injuries, but
there are too many ICD-10 diagnoses for them
to be used for descriptions of mixed injury
populations. To reduce the numerous ICD-10
diagnoses to a more reasonable number of
diagnostic categories, the ICD-10 injury mor-
tality diagnosis matrix was developed by the
National Center for Health Statistics, Centers
for Disease Control, USA (5). This matrix cat-
egorizes individual injury diagnosis codes by
body region and nature of injury. The matrix
was modified in this study to include the ad-
ditional diagnoses T00[.0-.1, .6], TO1[.0-.1,
.6, .8], T02[.0, .6-.7], T03[.0, .4], ], TO4[.0, .4,
.7], T05[.1, .4, .6], T06[.0-.1, .8], and T29[.0—
.7], to make it fully compatible with the Swed-
ish clinical modification of ICD-10. The injury
categorization was done twice for each admis-
sion; first using only hospital discharge diag-
noses and then using both these diagnoses and
additional diagnoses identified at autopsy. In-
juries classified in the injury matrix as “mul-
tiple injuries” and “unspecified injury” and/or
as “multiple body regions” and “unspecified”
were considered to be unspecific diagnoses,
and all others to be specific. Causes of injury
were classified according to the matrix devel-
oped by the National Center for Health Statis-
tics, Centers for Disease Control, USA (9, 10).
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Statistics. Survival risk was calculated for
each injury category in the ICD-10 injury
mortality diagnosis matrix using a) hospital
discharge diagnoses alone and b) both hospital
discharge diagnoses and autopsy diagnoses.
The risk difference between these two proce-
dures was then calculated for each category. A
95% confidence interval (CI) was calculated
for each risk difference, using a bootstrap pro-
cedure with 1000 replications allowing for the
dependence among the survival risk estimates.

Calculation of Injury Severity. The ICISS
has been shown to perform well compared
with other injury severity scores (3, 4). It is
calculated on the basis of survival risk ratios
(SRRs) for individual injury ICD-10 codes (4).
This ratio represents the proportion of pa-
tients with a specific-injury code who survived
to hospital discharge.

To assess the impact of autopsy diagnoses
on the predictive capacity of ICISS for hospital
mortality, two different sets of SRRs were cal-
culated using data from the period 1998
through 2002. One set was based only on hos-
pital discharge diagnoses, and the other was
derived from both hospital discharge diag-
noses and autopsy diagnoses. For assessment
of their predictive capacity, these SRRs were
used to calculate ICISS on injury events dur-
ing the period 2003-2004. The ICISS score
(survival probability) for the individual patient
was calculated as the product of each of the
SRRs corresponding to the patient’s injuries
(i.e., the product of the probabilities of surviv-
ing each of their injuries individually). The
ability of ICISS to predict hospital mortality
was assessed in logistic regression models ad-
justed for age and sex. Age and ICISS were
entered as restricted cubic splines in these
models. The area under the receiver operating
characteristic curve (c-statistic) was calcu-
lated as a measure of predictive capacity. A
95% CI for the difference in c-statistic was
calculated using bootstrap samples from the
original dataset with 1000 replications and the
percentile method.

ICISS was also used to adjust for injury
severity in regression models. For this appli-
cation SRRs were derived from the entire
study population, by only using hospital dis-
charge diagnoses. A variable was also created
for the number of severe trauma cases at each
hospital. Severe trauma was defined as ICISS
<10th percentile (0.9367).

Prediction Models. Two different prediction
models were developed. One was intended for
prediction of whether autopsy would be per-
formed, and the other for prediction of the prob-
ability that a new specific injury would be diag-
nosed at autopsy. The same variables were used
in the models and were selected on the basis of
clinical reasoning. Age, sex, injury categories,
ICISS (as a restricted cubic spline), length of
hospital stay (after log transformation), cause of
injury, intent of injury, and geographical region
were used in logistic regression modeling. Bi-
nary indicator variables for injury categories that
generated unstable parameter estimates (very

large standard errors) were removed from the
models. This instability was due to empty cells in
the contingency table, rareness of injuries, or
collinearity (when there was an injury category
identical to a cause of injury category, e.g., poi-
soning and burn). Collinearity was assessed from
variance inflation factors.

We applied the above two prediction mod-
els to estimate the number of new diagnoses
that would be found if more cases of hospital
death underwent autopsy. All deaths not sub-
jected to autopsy were, therefore, ranked in
descending order according to their estimated
probability of being subjected to autopsy. The
mean of the predicted probabilities of finding a
new specific diagnosis at autopsy was calcu-
lated for each centile and plotted against the
autopsy rate. A 95% CI for the estimated pro-
portion of deaths in which a new specific-
injury category would be found if all deaths
were autopsied was derived using a bootstrap
procedure with 1000 replications and the per-
centile method.

Attributable Proportion of Mortality. The
excess mortality attributable to clinically un-
diagnosed injuries was estimated from the
predicted survival for the deaths where missed
injuries were identified at autopsy. Their pre-
dicted survival (ICISS) was calculated on the
basis of all their injuries, including autopsy
diagnoses. Two different sets of SRRs were
again used. One was based on hospital dis-
charge data only, and the other was derived
from combining hospital discharge data with
autopsy diagnoses. The first set of SRRs re-
flects the prognosis if the patients had had
their injuries diagnosed clinically. The second
set of SRRs reflects the prognosis if they had
had at least one clinically undiagnosed injury,
assuming that no patients with such missed
injuries survive. This latter assumption is nec-
essary, because it is not possible to estimate
the number of patients surviving with a
missed injury diagnosis. The estimated impact
of missed injuries on predicted survival is,
therefore, a worst case scenario. The increase
in predicted mortality risk (1 — median ICISS)
associated with missed injuries is used to
estimate a relative risk. This is calculated
using all injuries (including autopsy diag-
noses) as mortality risk predicted from SRRs
based on both hospital and autopsy data
divided by mortality risk predicted from
SRRs based on hospital data only. By use of
this quotient, the proportion of mortality
attributable to missed injuries can be calcu-
lated as (1 — relative risk)/relative risk. A
95% CI for the attributable proportion was
calculated using bootstrap samples from the
original dataset with 1000 replications and
the percentile method.

The SAS version 9 (SAS Institute, Cary,
NC) statistical package and the R statistical
package (11) were used for data management
and statistical analyses.
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RESULTS

During the 7-year study period there
were 598,137 incident injury admissions
with a main diagnosis of injury to 112
different hospitals, and 8627 of these pa-
tients died in hospital (1.4%). Of these
hospital deaths, 24.2% underwent au-
topsy. This autopsy rate was notably in-
fluenced by the 3798 deaths (44.0%) as-
sociated with hip fractures. When hip
fractures were excluded, the autopsy rate
increased to 35.2%. Baseline characteris-
tics by autopsy status are shown in Table
1. In a multivariable logistic regression
model, every 10 years’ increase in age was
associated with an approximate 38% re-
duction of the probability that autopsy
would be performed (Table 2). When the
cause of injury was cut/pierce, fire/flame,
firearm, struck by/against blunt objects,
or traffic, this was independently associ-
ated with an increased probability of un-

dergoing autopsy. The intent of injury
was also predictive, in the sense that ho-
micide or an undetermined intent was
associated with a higher probability of
autopsy. The discriminative capacity of
this multivariable model was high. The
c-statistic (area under the receiver oper-
ating characteristic curve) was 0.854,
which means that for 85% of the cases,
the probability that autopsy would be per-
formed, as predicted by the model, was
higher in a patient subjected to autopsy
than in a nonautopsied patient.

Among the 2084 patients who died in
hospital and underwent autopsy, new in-
jury categories were found in 807 pa-
tients. Of these, 79.1% (638 of 807) were
related to specific-injury categories,
whereas the rest were unspecific and
therefore uninformative categories (i.e.,
multiple injuries, unspecified injury,
multiple body regions, or unspecified).

Table 1. Baseline characteristics of the 8627 patients who died in hospital among 598,137 incident
hospital admissions for injury in Sweden, 1998-2004

Autopsy (n = 2084)

No Autopsy (n = 6543)

Characteristic N (%) N (%)
Age (yrs)
0-19 101 (82.1) 22 (17.9)
20-64 780 (72.0) 304 (28.0)
65-79 531 (27.7) 1383 (72.3)
80+ 672 (12.2) 4834 (87.8)
Sex
Men 1253 (28.6) 3131 (71.4)
Women 751 (17.3) 3601 (82.7)
Length of stay (days)
0-2 1178 (43.5) 1532 (56.5)
3-7 444 (17.1) 2154 (82.9)
8+ 462 (13.9) 2857 (86.1)
Cause of injury
Cut/pierce 47 (81.0) 11 (19.0)
Drowning 34 (70.8) 14 (29.2)
Fall 953 (14.1) 5814 (85.9)
Fire/flame 66 (64.1) 37 (35.9)
Hot object/scald 4 (28.6) 10 (71.4)
Firearm 55 (91.7) 5(8.3)
Machinery 5(62.5) 3(37.5)
Traffic 565 (78.0) 159 (22.0)
Natural/environment 16 (35.6) 29 (64.4)
Overexertion 1(5.9) 16 (94.1)
Poisoning 148 (59.7) 100 (40.3)
Struck by/against 32 (68.1) 15 (31.9)
Suffocation 38 (62.3) 23 (37.7)
Other specified 43 (61.4) 27 (38.6)
Other specified, NEC 5(62.5) 3(37.5)
Not specified 41 (26.1) 116 (73.9)
Missing 31 (16.1) 161 (83.9)
Intent of injury
Suicide 186 (67.6) 89 (32.4)
Homicide 61 (95.3) 3(4.7)
Unintentional 1741 (21.8) 6263 (78.2)
Undetermined 66 (70.2) 28 (29.8)
Missing 30 (15.8) 160 (84.2)

NEC, not elsewhere classifiable.
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Diagnostic information from autopsies
with an autopsy rate of 24.2% therefore
added new specific-injury categories in
7.4% (95% CI 6.8-8.0) of all injury-
related hospital deaths.

In the multivariable analysis of predic-
tive factors for finding a new specific in-
jury at autopsy, cases of burn and firearm
injuries were associated with a probabil-
ity decrease of 92% (95% CI 76-97) and
81% (95% CI 54-92), respectively,
whereas traffic and natural/environment
as causes increased the probability of hav-
ing a new diagnosis category identified at
autopsy by 103% (95% CI 49-176) and
279% (95% CI 23-1071), respectively
(Table 2). The multivariable prediction
model for finding a new specific diagnosis
at autopsy had a c-statistic of 0.881.

The county (administrative healthcare
region) of hospitalization was predictive
both for whether autopsy would be per-
formed and for whether a new injury
would be found at autopsy, and was
therefore included in the multivariable
models. A variable indicating the annual
number of cases of severe trauma at the
hospital to which the patient was primar-
ily admitted did not add predictive capac-
ity to the model beyond that of hospital
county, as indicated by the c-statistic.

A longer hospital stay seemed to be
associated with a lower probability of au-
topsy and a reduced probability of finding
a new specific-injury category at autopsy.
The association remained after multiva-
riable adjustment, but the odds ratio es-
timate was unstable, with a wide CI. Cor-
relation between length of hospital stay
and other variables, such as injury cate-
gory and injury severity (ICISS), might
generate problems in regression analyses,
but a variance inflation factor of 1.04 for
length of stay did not indicate harmful
collinearity.

In 10% (11 of 116) of the specific-
injury categories, addition of autopsy di-
agnoses reduced the estimated survival
risks by at least 0.5% (Table 3). The au-
topsy rate and mortality were very high
among the patients who contributed to
these injury categories.

ICISS together with age and sex was
highly predictive of hospital mortality
(Fig. 1). Addition of autopsy diagnoses
resulted in an improved predictive capac-
ity, with an increase in the area under the
receiver operating characteristic curve of
0.022 (95% CI 0.019-0.024). When sur-
viving patients with a hospital stay =1
day were excluded from the analysis, this
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Table 2. Predictors of autopsy and of finding a new specific diagnosis at autopsy

Predictors of Finding a New Specific Injury

Predictors of Autopsy Diagnosis at the Autopsy
Crude OR (95% CI) Adjusted OR? (95% CI) Crude OR (95% CI) Adjusted OR? (95% CI)
Age (for 10 yrs’ increase) 0.48 (0.46-0.51) 0.62 (0.59-0.66) 0.63 (0.60-0.67) 0.99 (0.93-1.04)
Sex (male vs. female) 1.88 (1.70-2.08) 1.16 (1.01-1.33) 1.90 (1.60-2.25) 0.97 (0.77-1.22)
Cause of injury (fall as reference)
Cut/pierce 26.07 (13.47-50.44) 3.24 (1.16-9.06) 25.32 (14.86-43.14) 1.90 (0.76-4.73)
Drowning 14.82 (7.92-27.71) 0.97 (0.39-2.43) 4.15 (1.75-9.87) 1.06 (0.32-3.45)
Fire/flame® 9.09 (6.24-13.23) 5.42 (3.29-8.92) 1.03 (0.38-2.81) 0.08 (0.03-0.24)
Firearm 67.11 (26.81-168.01) 6.83 (2.31-20.20) 6.53 (3.35-12.72) 0.19 (0.08-0.46)
Traffic 21.68 (17.95-26.18) 5.13 (3.98-6.60) 16.39 (13.40-20.05) 2.03 (1.49-2.76)
Natural/environment 3.37 (1.82-6.22) 0.75 (0.34-1.66) 7.27 (3.46-15.27) 3.79 (1.23-11.71)
Not specified 2.16 (1.50-3.10) 1.09 (0.67-1.79) 1.98 (1.03-3.80) 0.60 (0.24-1.48)
Other specified® 6.72 (4.54-9.96) 2.22 (1.26-3.89) 8.83 (5.49-14.21) 1.79 (0.92-3.51)
Poisoning 9.03 (6.94-11.74) 1.65 (0.95-2.88) 4.31 (2.90-6.39) 0.377 (0.17-0.78)¢
Struck by/against 13.01 (7.02-24.12) 3.22 (1.47-7.08) 7.86 (3.86-16.00) 1.24 (0.53-2.92)
Suffocation 10.08 (5.98-16.99) 2.38 (0.94-6.02) 8.66 (4.70-15.96) 1.39 (0.46-4.13)
Intent of injury (unintentional as reference)
Homicide 73.15 (22.93-233.38) 8.26 (2.18-31.33) 8.93 (5.36-14.87) 1.11 (0.51-2.41)
Suicide 7.52 (5.81-9.73) 1.44 (0.86-2.41) 3.33 (2.43-4.55) 1.847 (0.98-3.43)¢
Undetermined 8.48 (5.43-13.24) 2.31 (1.25-4.25) 3.77 (2.28-6.22) 1.59 (0.77-3.28)
Length of stay (days)® 0.65 (0.63-0.67) 0.75 (0.47-1.21) 0.58 (0.55-0.61) 0.83 (0.38-1.77)

OR, odds ratio; CI, confidence interval.

Prediction models derived from 2084 autopsies in 8627 in-hospital deaths. These deaths occurred among 598,137 incident hospital admissions for injury
in Sweden, 1998-2004.

?Adjustment for all variables listed in the table are also for injury category (according to the ICD-10 injury mortality diagnosis matrix), International
Classification of Diseases Injury Severity Score, and geographical region; ’includes category “Hot object/scald.”; “includes categories “Overexertion,”
“Machinery,” and “Other specified, not elsewhere classifiable.”; “the estimates for poisoning and suicide may be expected to be attenuated by some degree
of collinearity (variance inflation factor 2.76 and 2.57, respectively); “logarithm with base 2, odds ratio, therefore, indicates the effect when the duration
of stay is twice as long.

Table 3. Estimated survival risk for different injury categories in 598,137 incident hospital admissions for injury in Sweden, 1998-2004

Risk Difference
Number of Autopsy Survival Risk (Excluding  Survival Risk (Including (95% Confidence

Nature of Injury Anatomical Region  Subjects?  Rate % (N) Autopsy Diagnoses) Autopsy Diagnoses) Interval®)

Internal organ injury Abdomen and 129 95 (38) 0.83 0.69 0.142 (0.090-0.199)
pelvis

Blood vessel Thorax 158 93.5 (58) 0.65 0.61 0.045 (0.020-0.074)

Crush Traumatic brain 175 92.3 (12) 0.97 0.93 0.045 (0.017-0.078)
injury

Fracture Neck 519 66.7 (36) 0.93 0.90 0.038 (0.023-0.053)

Blood vessel Abdomen 93 90.9 (30) 0.68 0.65 0.036 (0.007-0.071)

Internal organ injury Spinal cord 617 60 (42) 0.91 0.89 0.025 (0.013-0.038)

Blood vessel Abdomen, lower 116 90.5 (19) 0.84 0.82 0.021 (0.000-0.046)
back and pelvis

Fracture Traumatic brain 9606 74.9 (480) 0.95 0.93 0.021 (0.019-0.024)
injury

Open wound Thorax 843 95.5 (21) 0.98 0.97 0.009 (0.004-0.016

Internal organ injury Abdomen 4094 88.5 (207) 0.95 0.94 0.007 (0.005-0.010)

Other effects of external =~ System wide 5693 70.7 (130) 0.97 0.97 0.006 (0.004-0.008)

causes

Survival risk estimates for injury categories based on diagnoses made with and without the aid of autopsy. Results are presented for injury categories
where the risk difference between these two diagnostic procedures is at least 0.5% and the estimate is based on at least ten autopsies.

?The number of subjects includes both those classified from hospital discharge diagnoses alone and those classified after addition of autopsy diagnoses;
bconfidence limits were calculated using a bootstrap procedure and taking into account the dependence between the samples.

difference increased to 0.035 (95% CI that 25.1% (95% CI 23.0-27.1) of the noses to hospital discharge diagnoses
0.032-0.039). patients who died in hospital would have  with the present autopsy rate of 24% was

The mean probability of finding a new had at least one new specific-injury cate- estimated to reduce misclassification of
specific injury given an increased autopsy  gory added if all had undergone autopsy. deaths by >25% (i.e., 7.4% of all deaths
rate is plotted in Figure 2. This indicated In other words, addition of autopsy diag- were reclassified, as compared with the
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Figure 2. Estimated gain in identification of clinically undiagnosed injuries resulting from an
increased autopsy rate. The curve was constructed from prediction models based on patient charac-
teristics (age, sex, injury categories, length of hospital stay, cause of injury, intent of injury, and
geographical region) in 2084 autopsies among 8627 in-hospital deaths in Sweden, 1998 -2004. Error

bars indicate 95% confidence interval.

estimated total of 25% of deaths with
clinically undiagnosed injuries).

The clinical relevance of these missed
injuries is illustrated by their impact on
predicted survival (ICISS) among the
deaths in which new diagnoses were
found at autopsy (Fig. 3). The clinically
undetected injuries caused a difference in
median predicted survival of 16.9%. This

Crit Care Med 2009 Vol. 37, No. 2

meant that 25.9% (95% CI 20.3-30.4) of
these deaths would be attributable to un-
diagnosed injuries. If we apply our esti-
mate that new injuries would be identi-
fied at autopsy in 25% of all deaths given
a 100% autopsy rate, this indicates that
~6.5% of all injury deaths would be at-
tributable to clinically undiagnosed inju-
ries. This requires the main assumption

that no survivors with these diagnoses
are undetected. Hence, by changing this
assumption the proportion of mortality
attributable to missed injuries will be re-
duced.

DISCUSSION

This study of all hospitalized injuries
in Sweden during a 7-year period eluci-
dates the extent of bias of survival risk
estimates caused by injuries that are first
discovered at autopsy and not registered
in hospital discharge records. This effect
is evident despite an autopsy rate of only
24%.

There are three major reasons for the
discrepancy between hospital and autopsy
diagnoses. First, it could represent clini-
cally undiagnosed injuries, which would
be a direct indicator of deficiencies in the
clinical management in the trauma care
system. Second, it could be a result of
inaccurate coding of injuries at hospital
discharge. This would not be directly re-
lated to the clinical management of the
patient. Third, it could be due to differ-
ences in coding practices between the
clinician and the pathologist/forensic ex-
aminer. This last possible source of error
was dealt with by analyzing injury cate-
gories rather than individual injury
codes, and by looking only at specific-
injury categories. Regardless of the cause
of the discrepancy it was found possible
to increase the accuracy of risk estimates
for hospital survival and consequently ac-
curacy of injury severity measures by
merging autopsy data with hospital dis-
charge data. An increase in the autopsy
rate would further reduce this bias. Merg-
ing hospital and autopsy data can also
provide an estimate of the extent of po-
tentially preventable deaths attributable
to diagnostic errors (12).

This study illustrates new aspects of
the well-known problem of clinically
missed injury diagnoses discovered at au-
topsy (6, 13, 14). Our focus on the effect
of overlooked injuries on survival risk
estimates in a population-based perspec-
tive stems from the good performance of
hospital discharge data compared with
trauma registers (15) and the excellent
opportunity for injury severity adjust-
ments that is offered by injury-specific
survival risk estimates (3, 4). Even a
small number of misclassified hospital
deaths can, however, substantially reduce
the estimated survival.

Missed injuries as a major clinical
problem were described in pivotal articles
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Figure 3. Kernel density plot with Gaussian smoothing that illustrates the distribution of predicted
survival (International Classification of Diseases Injury Severity Score [/CISS]) among 638 deaths
where new injuries were found at autopsy. ICISS was calculated from survival risk ratios based solely
on hospital discharge diagnoses and compared with ICISS from survival risk ratios also including
autopsy diagnoses. The difference in medians is used to estimate the maximum proportion of injury
deaths attributable to clinically undiagnosed injuries.

that laid the foundation for the organiza-
tion of modern trauma care >25 years
ago (16, 17). Although a well-known phe-
nomenon in clinical medicine, the pat-
tern and extent of missed injuries vary
depending on the setting and the time
period under study (7, 18-24). It is likely
that the proportion of missed injuries has
decreased over time, as a result of imple-
mentation of structured clinical assess-
ment of trauma victims (25) and im-
proved diagnostic procedures (26).
Nevertheless, in a study on trauma-
related deaths in an intensive care unit by
Ong et al (14), new major diagnoses were
found in 19% of the autopsies. This cor-
responds to our estimate that new spe-
cific injuries would be disclosed in 25%
given a 100% autopsy rate among all hos-
pitalizations or deaths because of trauma
in Sweden.

An obvious question to consider is the
possible impact of missed injuries on the
clinical outcome. This is a difficult issue,
as it involves determining the causal re-
lation between different injuries and
mortality. The commonly used strategy
in clinical audit is retrospective chart re-
view by expert panels (27). The alterna-
tive approach that we used is based on a
comparison between predicted survival
based on SRRs including autopsy diag-
noses, and that based on SRRs from hos-
pital discharge diagnoses alone. From
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this comparison, the proportion of poten-
tially preventable deaths can be esti-
mated. This method is appealing as it also
takes into account the severity of other
injuries and not merely the severity of the
clinically undiagnosed injury. But it also
involves several assumptions that need to
be considered. The most critical assump-
tion is that no patients survive with clin-
ically undiagnosed injuries of the same
type as those discovered at autopsy. This
assumption is not unreasonable. SRRs
generated under this supposition im-
prove mortality prediction. The injuries
that are only detected at autopsy are as-
sociated with a high mortality and they
also seem severe enough from a clinical
viewpoint to support such an assump-
tion. Nevertheless, any departure from
this assumption will lower the estimated
proportion of potentially preventable
deaths associated with clinically undiag-
nosed injuries. Failure to code for these
injuries at hospital discharge, even when
they have been recognized and treated
clinically, could also bias the estimated
proportion of potentially preventable
deaths. If accurate hospital discharge
coding can be maintained, the estimate of
mortality attributable to missed injuries
will be a potential indicator of clinically
important diagnostic failures. The aver-
age number of deaths attributable to di-
agnostic failures per hospital is small

enough for them to be able to pass un-
recognized as a recurring and significant
problem in routine clinical audit. A pos-
sible way to identify specific and system-
atic deficiencies in diagnostic procedures
and clinical management would be to
perform a structured audit of the cases
identified in this study.

The results from this study serve as a
reminder of some of the possible conse-
quences of a decreasing autopsy rate (28).
Survival estimates for the majority of in-
jury categories were unaffected by the
addition of autopsy data. This might be
due to the comparatively low autopsy
rate. According to the prediction model,
~25% of the subjects would have had
new specific injuries identified if all
deaths had been subjected to autopsy.
However, it is unclear whether survival
estimates for other injury categories than
those identified in our study would be
affected if the autopsy rate increased.

The most pronounced effect on injury-
specific survival was seen for intra-
abdominal injuries, where addition of au-
topsy results reduced the estimated
chance of survival from 83% to 69%. This
finding confirms the fact that the diagno-
sis of intra-abdominal injuries remains a
difficult issue in trauma management de-
spite increased use of computerized to-
mography and other imaging techniques
(29-31).

Specific strengths of this study in-
clude the population-based approach,
with inclusion of essentially all hospital-
ized injuries in Sweden during a 7-year
period. We are not aware of any other
study with a similar design. Merging au-
topsy data with clinical data may be pro-
hibited in other settings (6). The ability
to link autopsy data to clinical data by
unique personal identification numbers
offers a powerful way to estimate and
reduce misclassification of injury deaths.
Multivariable modeling also takes into ac-
count notable regional differences in the
propensity to perform autopsy, which
should therefore increase the external va-
lidity of the results.

The study has some potential limita-
tions in addition to those already dis-
cussed. The prediction model for diag-
nosing new specific injuries at autopsy
can only be derived from nonautopsied
patients. Its validity can be questioned
when applied to patients not subjected to
autopsy. There is unfortunately no way of
validating this model reliably, but the
model has some notable properties that
lend support to its credibility. Exactly the
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same predictors were found to be predic-
tive for identifying patients subjected to
autopsy. At the same time, the distribu-
tion of probabilities of finding a new spe-
cific injury at autopsy among the autop-
sied patients (where the model was
developed) was similar to that found
among patients not subjected to autopsy
(where the model was applied). In a sub-
stantial part of the population of autop-
sied patients the probability of finding a
new specific injury at autopsy is low. The
model would have been less credible if
low probabilities of finding a new injury
had not been well represented in this
population.

In conclusion, survival estimates for
some types of abdominal, thoracic, and
central nervous system injuries were no-
tably reduced by adding autopsy diag-
noses, and this addition also generated
more accurate mortality prediction mod-
els using ICISS. At most, 6.5% of all in-
jury deaths were attributable to clinically
undiagnosed injuries. Merging hospital
discharge data and autopsy data is an
effective way of improving the accuracy of
injury categorization and mortality pre-
diction.
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