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Abstract

The Injury Severity Score (ISS) is a measure of injury severity widely used for research and
quality assurance in trauma. Calculation of ISS requires chart abstraction, so it is often unavailable
for patients cared for in nontrauma centers. Whether ISS can be accurately calculated from
International Classification of Diseases, Ninth Revision (ICD-9) codes remains unclear. Our
objective was to compare ISS derived from ICD-9 codes with those coded by trauma registrars.
This was a retrospective study of patients entered into 9 U.S. trauma registries from January 2006
through December 2008. Two computer programs, ICDPIC and ICDMAP, were used to derive 1SS
from the ICD-9 codes in the registries. We compared derived ISS with 1SS hand-coded by trained
coders. There were 24,804 cases with a mortality rate of 3.9%. The median ISS derived by both
ICDPIC (ISS-ICDPIC) and ICDMAP (ISS-ICDMAP) was 8 (interquartile range [IQR] = 4-13).
The median ISS in the registry (1SS-registry) was 9 (IQR = 4-14). The median difference between
either of the derived scores and 1SS-registry was zero. However, the mean ISS derived by ICD-9
code mapping was lower than the hand-coded ISS in the registries (1.7 lower for ICDPIC, 95% ClI
[1.7, 1.8], Bland—Altman limits of agreement = -10.5 to 13.9; 1.8 lower for ICDMAP, 95% ClI
[1.7, 1.9], limits of agreement = —9.6 to 13.3). ICD-9-derived ISS slightly underestimated ISS
compared with hand-coded scores. The 2 methods showed moderate to substantial agreement.
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Although hand-coded scores should be used when possible, ICD-9-derived scores may be useful in
quality assurance and research when hand-coded scores are unavailable.

Keywords

ICD-9; Injury severity; Injury Severity Score; Methodology-research concepts; Trauma

The Injury Severity Score (ISS) is a measure of anatomical injury severity associated with
mortality, surgical intervention, and need for intensive care (Baker, O’Neill, Haddon, &
Long, 1974; Chawda, Hildebrand, Pape, & Giannoudis, 2004). The ISS is typically
abstracted manually from the injuries described in the patient’s chart and therefore generally
only available for injured patients cared for in trauma centers. Chart abstraction is labor-
intensive, time-consuming, and expensive. More automated methods to derive ISS from
International Classification of Diseases, Ninth Revision (ICD-9), codes have been developed
and incorporated into software programs, although the accuracy of such measures remains
unclear. The validation of ICD-9 code mapping programs to generate 1SS would improve the
efficiency in collecting this measure, enhance trauma research for patients cared for in
nontrauma hospitals, and catalyze population-based injury research.

ICD-9 diagnosis codes are widely available in administrative databases, including those not
specifically designed for trauma. Since the 1980s, a number of studies have described
computerized techniques for deriving 1SS from ICD-9 codes (Kingma, Ten\ergert,
Werkman, Ten Duis, & Klasen, 1994). Mackenzie et al. developed and validated a table to
map 1CD-9 codes to Abbreviated Injury Scale (AlS) scores and ISS (MacKenzie,
Steinwachs, & Shankar, 1989; MacKenzie, Steinwachs, Shankar, & Turney, 1986). Barnard,
Loftis, Martin, and Stitzel (2013) compared mappings of ICD-9 codes to AlS scores derived
from the Crash Injury Research Engineering Network and the National Trauma Databanks
with those generated by ICDMAP. These techniques were published and utilized in peer-
reviewed research but were not widely implemented.

Two additional techniques were developed and widely released as publicly available
products. The first of these was a stand-alone application developed by investigators at the
Johns Hopkins School of Hygiene and Public Health with federal grant support and
subsequently marketed by the Tri-Analytics Corporation (Bel-Air, MD) as ICDMAP-90
(Help for ICDPIC, 2014). ICDMAP has not been distributed since 2001. A more recently
released program is the ICDPIC procedure for STATA (Statacorp, College Station, TX;
Clark, Osler, & Hahn, 2015). ICDPIC 3.0 was developed by investigators at Maine Medical
Center and the University of Vermont and is freely available. These techniques do not
replace the need for manual abstraction of ISS in trauma centers, as this is required by the
American College of Surgeons for reporting to the National Trauma Data Bank; however,
validating both programs remains important because they continue to be used for research
and could be used for risk adjustment for quality improvement comparison purposes in data
sets that span trauma and nontrauma centers. Although the United States is currently
transitioning from ICD-9 to International Classification of Diseases, Tenth Revision
(ICD-10), this work remains important for validating past research done using these
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techniques as well as to support future studies of data collected up to the point at which
ICD-9 is no longer used.

Both of these programs have undergone limited external validation studies. Meredith et al.
(2002) found that ISS derived from ICD-9 codes present in the National Trauma Data Bank
using ICDMAP were inferior to hand-coded ISS at predicting mortality (area under the
receiver operating characteristic [ROC] curve = 0.84 vs 0.88). The most recent and
comparable study with ours was a retrospective multicenter study comparing ISS derived
from 1CD-9 codes by ICDPIC in a European trauma registry (Di Bartolomeo, Tillati, Valent,
Zanier, & Barbone, 2010). Our study adds to the current body of knowledge because of
important differences between European and American trauma data sets including inclusion
criteria, injury severity, and incentives for coding accuracy.

Our objective in this study was to compare ISS derived from ICD-9 codes by ICDPIC and
ICDMAP with the 1SS manually coded by trauma registrars. We used a large, multicenter
sample of U.S. trauma patients served by emergency medical services (EMS) and compared
both of the commonly utilized conversion programs.

HYPOTHESIS

We hypothesized that ISS derived by ICDPIC and ICD-MAP would be similar to manually
coded injury scores.

METHODS
Study Design

This was a multiregion retrospective cohort study of injured patients transported by EMS
and captured in hospital trauma registries from January 1, 2006, through December 31,
2008. Two computer programs, ICDPIC and ICDMAP-90, were used to derive ISS from the
ICD-9 codes present in the trauma registries. We then compared derived ISS to hand-coded
ISS. Institutional review boards at all sites reviewed this protocol and waived the
requirement for informed consent.

Study Setting and Population

The study included injured adults and children transported by 48 EMS agencies in seven
regions across the Western United States and entered into nine trauma registries. They
included Portland, OR/Vancouver, WA (four counties); King County, WA; Sacramento, CA
(two counties); San Francisco, CA; Santa Clara, CA (two counties); Salt Lake City, UT
(three counties); and Denver County, CO. Receiving hospitals included 15 Level I, eight
Level Il, and eight Level 111-V trauma centers. These sites are part of the Western
Emergency Services Translational Research Network. All sites have established trauma
systems. The inclusion criteria between the registries varied.
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Study Protocol

Patients with no ICD-9 codes were excluded from analysis. The lack of ICD-9 codes was
assumed to be a coding failure, as most patients should at least have diagnosis codes for
minor injuries. Patients with no ISS recorded in the trauma registry were also excluded.
ICDPIC could not generate 1SS scores from burn codes 940-949.5, so these diagnoses were
not included in the calculation of ISS. Patients with only burn diagnoses were excluded.
ICDMAP requires a patient age below 100 years, so patients missing age or those older than
99 years were also excluded.

Measurements

The ISS is an anatomical scoring system based on the severity of injury in six body regions
according to the AIS score ranging from 0 (no injury) to 6 (not survivable) (Association for
the Advancement of Automotive Medicine, 2008; Baker et al., 1974). The ISS is the sum of
the squares of the AIS scores of the three most severely injured body regions. A patient with
an AlIS score of 6 (not survivable) in any region is assigned the maximal ISS of 75. An ISS
of more than 15 is considered “serious injury” and identifies patients most likely to benefit
from care in major trauma centers (Boyd, Tolson, & Copes, 1987; MacKenzie et al., 2006;
Mullins et al., 1994; Sampalis et al., 1999).

We used probabilistic linkage to match trauma registry records with state hospital emergency
department (ED) and discharge data (LinkSolv 8.2; Strategic Matching, Inc., Morrisonville,
NY). Construction of this database, including the analytical methods used to compile the
data, has been previously described (Newgard et al., 2012). Only the ICD-9 diagnosis codes
from the trauma registries were used to derive ISS. Other variables included age and sex, ED
disposition, inpatient mortality, length of hospital stay, and ICD-9-coded surgical procedures
(including interventional radiology).

Data Analysis

We used STATA Version IC 13 to clean all ICD-9 codes. We then used ICDPIC to generate
ISS-ICDPIC and ICDMAP to derive ISS-ICDMAP. ICDPIC assigned each ICD-9 code to
the AIS body region and severity with which it is most frequently associated in the National
Trauma Data Bank (Help for ICDPIC, 2014). For the 37 ICD-9 codes that were not clearly
associated with AlIS scores, the authors of ICDPIC assigned a body region and the AIS score
by consensus. The proprietary algorithms used by ICDMAP were not explicitly stated.

The primary analysis used Bland—Altman plots to assess the agreement between methods
(Bland & Altman, 1986). The Bland—Altman plots show the average 1SS obtained by two
methods for each subject versus the difference between those two methods and are useful for
displaying how the difference between two methods varies across the range of ISS. The
Bland—Altman limits of agreement show the range of 2 standard deviations from the mean
difference, which was chosen a priori.

Secondary analyses included weighted kappas and the median difference in ISS calculated
by different methods. We also collapsed scores into previously studied ranges: 0-8, 9-15,
16-24, 25-40, 41-49, 50-75 (Copes et al., 1988). The distribution of scores in each range
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was depicted as a frequency graph, with calculation of the percentages of scores falling into
the same range or adjacent ranges. The percentage of cases classified as “serious injuries”
(1SS >15) was examined. We also compared 1SS measures using the following age strata: 0—
18, 19-64, and 65-99 years. Children were further stratified by collapsing U.S. Centers for
Disease Control and Prevention age categories into 04, 5-14, and 15-18 years (U.S.
Centers for Disease Control and Prevention, 2016).

RESULTS

There were 25,926 cases during the 3-year period, of which 24,804 were analyzed after
excluding cases for the reasons given in Figure 1. Table 1 characterizes the demographics,
injury severity, and outcomes of the study patients. Figure 2 shows the scatterplot of ISS-
ICDPIC versus 1SS-registry for each patient. Table 2 and Figure 3 provide the overall
median injury severity scores calculated by each of the three methods. The median ISS
calculated by ICDPIC and ICDMAP (8) was 1 point lower than hand-coded ISS in the
trauma registries (9). ICDPIC and ICDMAP classified 19% of patients as seriously injured
on the basis of an ISS of more than 15 versus 24.4% using hand-coded ISS from the trauma
registries. Agreement between ISS-ICDPIC and 1SS-registry for the categorical outcome of
an ISS of more than 15 was 91.0% with a weighted x = 0.75. Agreement between 1SS-
ICDMAP and ISS-registry for an ISS of more than 15 was 92.3% and a weighted x = 0.79.
Agreement between 1SS-ICDPIC and ISS-ICDMAP was 96.2%, with a weighted x = 0.88.
The sensitivity, specificity, positive predictive value, and negative predictive value for
determining an ISS of more than 15 by ICDPIC versus 1SS-registry were as follows: 71.8%
(70.6-72.9), 98.1% (97.9%-98.3%), 92.5% (91.7%-93.2%), and 91.5%, respectively. For
ISS-ICDMAP versus ISS-registry, these values were 75.2% (74.0%—-76.2%), 98.7% (98.6%—
98.9%), 95.1% (94.4%-95.7%), and 92.5% (92.1%-92.8%), respectively.

Table 3 shows the difference between the three methods of calculating I1SS. The median
difference between any two methods of calculating ISS for each patient was zero in all age
groups. Figures 4-6 show Bland—Altman plots for the differences between 1SS-ICDPIC and
ISS-registry, ISS-ICDMAP and ISS-registry, and ISS-ICDPIC and ISS-ICDMAP.

Table 4 shows the agreement between methods of calculating ISS as the percentage with the
same ISS from two methods, the percentage with ISS that fell within the same range, and the
percentage that fell within the same or adjacent ranges. Any two methods showed reasonable
agreement by the criteria of the same 1SS (59.2%-69.9% agreement) or ISS range (76.4%-—
88.9%) and excellent agreement by having the two ISS values within the same or adjacent
ranges (95.6%-98.9%).

Among the 111 patients with discrepancies between ISS-ICDPIC and ISS-registry of more
than 30, 55 (50%) had an 1SS-registry of 75. The AlS score of 6, signifying an unsurvivable
injury, was assigned to 126 patients by coders versus 100 patients by ICDPIC. A sensitivity
analysis excluding patients with an 1SS-registry of 75 improved the agreement between
methods, narrowing the 95% CI for the Bland—Altman plot between 1SS-ICDPIC and ISS-
registry to —12.9 to 9.7 versus —13.9 to 10.5 for the entire data set. Similar findings were
seen for the 104 patients assigned an ISS-ICDMAP of 75. The same sensitivity analysis
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excluding patients with an 1SS-registry of 75 narrowed the Bland—Altman limits of
agreement for ISS-ICDMAP versus ISS-registry by a similar amount.

Code 850.11 “concussion with loss of consciousness 30 min or less,” assigned an AlS score
of 1 by ICDPIC, was present in 17.1% of cases with a discrepancy of more than 30 between
ISS-ICDPIC and I1SS-registry, whereas it was present in only 2.4% of cases in the overall
cohort. This code was overrepresented in children (3.7% of cases vs. 2.0% of adults). Code
800.90, “open fracture of vault of skull with intracranial injury of other and unspecified
nature, unspecified state of consciousness,” assigned an AlS score of 3, was assigned to 9%
of patients with discrepancies of more than 30. Code 805.4, “closed fracture of lumbar
vertebra without mention of spinal cord injury,” assigned an AlS score of 2, was present in
7% of high discrepancy cases.

DISCUSSION

This study demonstrated reasonable agreement between ISS derived from ICD-9 codes and
hand-coded ISS, although both ICDPIC and ICDMAP underestimated 1SS compared with
hand-coded scores. The Bland—Altman limits of agreement were fairly wide, demonstrating
variability of scores among a portion of patients. Other measures suggested better accuracy
of the ICD-9-derived ISS. Weighted kappas indicated substantial intermethod agreement.

The importance of 1SS is arguably greatest around the cutoff of ISS of more than 15, which
is commonly used to define severe injury (Boyd et al., 1987). Agreement between methods
for classifying severe versus nonsevere injury was excellent, although the ICD-9-derived
scores underestimated it.

The Bland-Altman analysis revealed a number of areas for further analysis. The Bland—
Altman charts for both ISS-ICDPIC versus ISS-registry and ISS-ICDMAP versus ISS-
registry show a bias toward lower ICD-9-derived ISS than hand-coded scores. This negative
bias was more apparent with higher ISS values. Analysis of outliers with the largest
discrepancies between methods showed that the majority had been assigned an
“unsurvivable” AIS score of 6. By definition, an AIS score of 6 results in an ISS of 75. This
reflects the inherent inability of the ISS mapping tools to reflect the range of severities that
can be associated with a particular injury, which manual coders can do. This problem will be
most pronounced with the most severe or fatal injuries. \ery few ICD-9 diagnoses are
uniformly fatal and would receive an AlS score of 6 from one of the mapping programs;
however, manual coders have more detailed knowledge of the patient’s injuries and
subsequent demise, enabling them to apply the “unsurvivable” AIS score of 6 when
appropriate, resulting in the maximal ICD code of 75.

Although the Bland—Altman plot for ISS-ICDMAP versus ISS-ICDPIC looks to have the
same pattern of outliers, there were actually far fewer of these cases, with only 20 having a
discrepancy of greater than 30 in either direction. As in the other plots, these high
discrepancy cases can largely be attributed to the assignment of an ISS of 75 (usually due to
an AlS score of 6), as this occurred in 17 of the 20 cases.

J Trauma Nurs. Author manuscript; available in PMC 2018 January 01.
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The appearance of diagonal lines within the plot is an artifact of the definition of ISS as the
sum of the squares of the three highest AIS body region scores. This limits the possible ISS
values to those which are sums of perfect squares. This is seen in the histogram of scores in
Figure 3, where there is a great deal of variation from one bin to the next. The increasing
distance between points near the top right and bottom right borders of the graph is due to the
few observations there. The diagonal lines forming the top right and bottom right borders are
cases where the patient received a score of 75 for an unsurviv-able injury by only one of the
scoring systems.

Many of the cases with the largest differences between two methods were due to an
insufficient number of ICD-9 codes being entered. For all severely injured patients (ISS-
registry >15), the median number of ICD-9 codes was six. For the cohort with large
discrepancies between ISS-registry and ISS-ICDPIC (difference >30), the median number of
ICD-9 codes was three. Given that having a discrepancy between methods greater the 30
requires having an ISS of at least 30, this high discrepancy group should have been expected
to have more diagnoses than the less severely injured group defined by ISS of less than 16.
This suggests that some of the underestimation of ISS in patients with high discrepancies
between systems was due to coding an insufficient number of diagnoses.

The code 850.11 “concussion with loss of consciousness of 30 min or less” was significantly
overrepresented in patients with large discrepancies between either of the ICD-9-derived
scores and 1SS-registry. This was one of the 37 codes that was assigned an AlS score by
consensus of the authors of ICDPIC rather than empirically. This suggests a weakness in
ICDPIC in assigning a head AIS score of 1 (minor injury) to this diagnosis. Given our
evolving understanding of the long-term consequences of concussion, a score of 1 is likely
too low, necessitated by the fact that this code could be applied to a very wide range of
presentations, from a momentary loss of consciousness to one with up to 29 min of
unresponsiveness. Another possibility is that the availability of this non-specific code
resulted in the failure to use more specific codes that would have given a higher derived AIS
score (e.g., coding as a concussion when the patient actually had a subdural hematoma).
Although the algorithms used by ICDMAP were proprietary so that we cannot know exactly
how code 850.11 was treated, the same correlation between that code and high discrepancies
between ISS-ICDMAP and ISS-registry was observed. None of the other codes assigned a
consensus AlS score by the authors of ICDPIC were overrepresented in the cases with high
discrepancies.

Two codes that were not assigned an AIS score by consensus were also frequent in the cases
with high discrepancies. These were code 800.90, “open fracture of vault of skull with
intracranial injury of other and unspecified nature, unspecified state of consciousness,” and
code 805.4, “closed fracture of lumbar vertebra without mention of spinal cord injury,”
assigned an AlS score of 2. Similar to the concussion code, this nonspecific code could
include a wide range of injury severities from a minor spinous process fracture requiring no
treatment to an unstable multicolumn fracture requiring surgery. Authors using ICDPIC
should look for the prevalence of these codes in their data sets and consider them potential
markers for inaccuracy if they are not accompanied by more specific codes for the same
body region.

J Trauma Nurs. Author manuscript; available in PMC 2018 January 01.
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Although this study assumed hand-coded ISS to be the gold standard and did not directly
test the accuracy of coding by re-abstraction of the charts or against another external
standard, the examination of cases with maximal discrepancy between hand-coded and
ICD-9-derived ISS suggests two areas that could be the focus of additional training and
quality assurance for coders. First, the discrepancies between hand-coded and ICD-9-derived
scores in cases with an AIS score of 6 suggest that these cases could be the source of the
greatest variability in coding. In complying with the American College of Surgeons
recommendation that 5%-10% of charts be re-abstracted, it would be prudent that charts
with AIS scores of 5 and 6 be preferentially chosen for rereview. Second, the higher number
of cases with head injuries defined by ICD 850.11 “concussion with loss of consciousness
30 min or less” suggests that these cases of mild to moderate traumatic brain injury should
also be the focus of additional scrutiny.

Performance was similar across age groups, with the Bland—Altman limits of agreement
being slightly narrower and the weighted kappas the same or higher in the 18 years or
younger and 65 years or older age groups than in the middle-aged group or overall cohort.
The only inferior performance in the 18 years or younger age group was seen in the
secondary metric of the median ISS derived by ICDPIC or ICDMAP versus 1SS-registry
(Table 2). This difference was not seen in the primary outcome of Bland—Altman mean
difference or limits of agreement, nor was there a difference between the median of the
differences between ICD-9-derived ISS and 1SS-registry in each patient. One possible
explanation for the lower accuracy in the pediatric age group was the overuse of the code
850.11. In contrast, this code was much less frequently seen in the elderly, in which
accuracy was excellent. The results were the same in the 5- to 14- and 15- to 18-year-old
groups. Infants and children younger than 4 years showed the strongest agreement between
measures, with the same median ISS for both the ICD-9-derived ISS and 1SS-registry.

Previous studies have shown hand-coded ISS to be superior to AIS scores derived from
ICD-9 codes at predicting mortality (Di Bartolomeo et al., 2010; Meredith et al., 2002). If
hand-coded ISS can be obtained for a sample, we would still recommend that those be used.
However, this requires both the availability of a trained coder and a data set small enough to
be manually coded. Even if charts were being reviewed for abstraction of other data
elements, this might not be practical for large data sets, in which case our results show
ICDPIC and ICDMAP to be acceptable alternatives. As neither ICDPIC nor ICDMAP was
clearly superior, the ICDPIC program can be used in place of ICDMAP, which is no longer
distributed.

Programs for generating ISS are useful for a number of reasons. The 1SS remains the most
widely used anatomical injury severity scale for trauma quality assurance programs,
evaluating the effectiveness of field triage practices, trauma research and identifying the
group of patients most likely to benefit from trauma center care. The ISS also remains the
primary measure of injury severity described in the American College of Surgeons
Committee on Trauma “Resources for Optimal Care of the Injured Patient” (Rotondo,
Cribari, & Smith, 2014). Hospitals without trauma registries do not code ISS, which leaves
an important gap in evaluating injured patients transported to nontrauma hospitals for such
issues as under- and overtriage rates for field triage, regionalization of trauma care,
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interhospital transfer patterns, and patterns of injury at different types of hospitals. ICD-9-
based risk adjustment tools such as the ICD-Based Injury Severity Score (ICISS) are useful,
but lack appropriate and recognized cutoff points for splitting patients based on minor,
moderate, and serious injury (Osler, Rutledge, Deis, & Bedrick, 1996).

Our study was similar to Di Bartolomeo et al.’s (2010) single-center Italian study comparing
ICDPIC with hand-coded ISS. Our study demonstrated much better agreement between the
ICD-9-derived ISS and the hand-coded values. Only 12.1% of their 272 cases had the same
ISS-ICDPIC and ISS-registry versus 59.2% in ours. In that study, ICDPIC underestimated
ISS more significantly, with a mean difference of 6.4 versus 1.7 that we observed. Di
Bartolomeo et al. (2010) note many reasons for differences between European and U.S.
results. Their case mix was more seriously injured, including only patients admitted to an
intensive care unit or with an ISS of more than 15, which is standard practice in European
trauma registries (Probst, Paffrath, Krettek, & Pape, 2006). Only 13% of the patients in Di
Bartolomeo et al.’s (2010) study versus 76% in ours had an ISS of 15 or less. A sensitivity
analysis on our data including only patients with 1SS-registry of more than 15 lowered the
percentage of cases with exact agreement between ISS-ICDPIC and 1SS-registry to 36.0%,
which was still higher than Di Bartolomeo et al.’s (2010) finding. Another explanation for
differences between European and U.S. results is the quality of the coding of both the
trauma registry 1SS and administrative ICD-9 codes, which would have widened the
difference between the two scores. Therefore, Di Bartolomeo et al.’s (2010) finding of poor
accuracy for ICDPIC does not challenge the reasonable accuracy and usefulness of the tool
for research on U.S. data sets. Another study of 76,781 National Trauma Data Bank records
compared ICDMAP-derived scores with those coded in the registry (Meredith et al., 2002).
Similar to our results, the median 1SS-ICDMAP was slightly lower than that coded in the
registry (8 vs. 9). Hand-coded ISS slightly better discriminated survivors from nonsurvivors
(area under the ROC = 0.88 vs. 0.84).

The change from ICD-9 to ICD-10 will require the development of new tools, including an
updated ICDPIC procedure (Office of the Federal Register, 2015). One such algorithm that
maps ICD-10 to AIS 1998 revision codes by expert consensus has been developed and
validated by Haas, Xiong, Brennan-Barnes, Gomez, and Nathens (2012). However, with
ICD-9 codes still being recorded through 2015, this work will be relevant for retrospective
research for a decade or more to come. As we found that many of the cases with the highest
discrepancies were related to a few codes that could not accurately map to an AlS score, the
far greater number of codes in ICD-10 should allow more precise and accurate mapping.

One caution for researchers using ICD-9-derived ISS is that they should not be mixed with
hand-coded ISS. Our study showed that both tools for deriving ISS systematically
underestimated injury severity. Mixing ICD-9-derived ISS with hand-coded scores from
registries in the same sample of patients could create an unpredictable bias in the scoring. As
an example, trauma centers may have patients with higher ISS scores, in part, due to hand-
coding compared with nontrauma hospitals using ICD-9-derived scores. Researchers should
use one method or the other in a study. Using purely ICD-9-derived injury severity scores
will underestimate the percentage of patients with serious injuries. The resulting
regionalization metrics and under- and overtriage rates would be biased as a result. This
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issue will become more complex in the future, as longitudinal studies span eras of multiple
AIS versions, ICD-9 and ICD-10.

CONCLUSIONS

Deriving ISS from ICD-9 codes slightly underestimated 1SS when compared with hand-
coded scores. Scores derived from ICDPIC and ICDMAP were very similar, making the use
of ICDPIC reasonable, given its continued availability and transparency of its coding
algorithms. Although hand-coded ISS should remain the gold standard, ICD-9-derived
scores are useful in research when hand-coded scores are unavailable, particularly in U.S.
data sets. Patients with AIS scores of 5 and 6, as well as those with mild-moderate traumatic
brain injuries, represent areas of potential extra focus in training and quality assurance re-
abstraction.

LIMITATIONS

This study assumed hand-coded ISS to be the gold standard. We did not have access to the
original charts for rereview to determine the accuracy of that coding and the amount of
variability induced by both subjectivity of coding and outright error. However, these data
came from established trauma systems in compliance with the standards for quality
assurance set by the American College of Surgeons. Similarly, the accuracy of ICD-9-
derived ISS will vary on the basis of the quality and comprehensiveness of ICD-9 coding. As
diagnoses are typically assigned by the providers at the time of care and then may be
modified or added to by coders for billing purposes, there are multiple steps at which
variability in coding could be introduced. This study did not have access to the original
charts to validate the ICD-9 coding and did not look at variability in the type and number of
diagnoses by hospital site.

The scope of our patient population imposed some other limitations. Our data set only
included patients cared for in trauma centers. Whether ICD-9 diagnoses are assigned
differently in trauma versus nontrauma centers is unknown. In the United States, financial
incentives influencing how comprehensively ICD-9 diagnosis codes are given may vary
between academic or public hospitals (i.e., Level I and 11 trauma centers) and other
hospitals. Our data set did not identify trauma center level, so we could not investigate this.

Another limitation is that ICDPIC could not code for burn diagnoses, requiring that patients
with only burn diagnoses be excluded. Patients with both burn and other trauma diagnoses
were not likely to be a significant confounder, as they constituted less than 0.4% of our
cases. Other authors have pointed out that ISS is poor at differentiating moderate from
severe burns and predicting mortality in those cases (Cassidy et al., 2014). Therefore, ISS is
probably not a good choice in predicting mortality in cohorts with large populations of burn
patients, regardless of the method by which they are derived. Finally, this data set comprised
patients who were transported by EMS and who could be probabilistically matched to a
trauma registry record. Therefore, less severely injured patients who arrived at the hospital
by private transportation or who were not entered in a trauma registry would not be included.
We conducted a sensitivity analysis on the patients with ISS-registry of 15 or less. Accuracy
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in this group was superior to the overall cohort, with absolute agreement between ISS-
ICDPIC and 1SS-registry of 66.7% (vs. 59.3% in the overall cohort), with similarly higher
accuracies in the ISS-ICDMAP to 1SS-registry and 1SS-ICDPIC to ISS-ICDMAP
comparisons. Therefore, it would be safe to conclude that the overall accuracy of these tools
would be at least as great in a population that included non-EMS arrivals, although there
may be particular reasons why certain types of populations might not come by EMS, which
would bias the results in those subgroups

One difficulty in comparing the older ICDMAP programs with the newer ICDPIC program
comes from the change to the AIS score that has occurred over time. As our data were
collected from 2006 to 2008, this was subsequent to the major revision in 2005. The
mapping tables used by ICDPIC were updated in 2011, so also would have been based on
the post-2005 definitions. As ICDMAP ceased production in 2001, its mapping scheme
would have been based on an older AIS version. A study of 109 patients showed significant
differences in AIS scores and overall ISS when they were coded according to 1998 versus
2005 schemes (Palmer, Niggemeyer, & Charman, 2010). Although our study does not
directly address the significance of changing coding schemes over time, it suggests the
superiority of using the more current ICDPIC program because of transparency in the source
of its lookup tables.
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KEY POINTS

. ICD-9-derivedISSshowedmoderatetosubstantialagreement to hand-coded
scores but slightly underestimated them.

. Although hand-coding should remain the standard by which ISS values are
generated, ICD-9-derived scores may be useful in quality assurance and
research when hand-coded scores are unavailable.

. Codes for concussion with loss of consciousness, skull fracture, and lumbar
fracture were associated with the greatest discrepancy between 1CD-9-derived
and hand-coded values. Cases given these codes should be the focus of
additional review.
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25,926 Cases
Exclusions:
No trauma ICD9 Codes: 357
No ISS-Registry: 218

'

25,351 Cases with
ISS-registry and

ICDPIC
Exclusions:
Only burn codes: 222

ICD9 Codes
ICDMAP
Exclusions:
Missing age: 241
Age>99: 19
25,091
\ 24,804 coded by

both methods

Figure 1.

|

25,129

/

Flow diagram of excluded cases. Only patients for whom ISS-ICDPIC, ISS-ICDMAP, and
ISS-registry could all be calculated were included in the final analysis.
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Figure 2.

Scatter plot of ISS-ICDMAP versus 1SS-registry. The plot of ISS-ICDMAP versus ISS-

registry (not shown) had a very similar appearance.
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Distribution of Injury Severity Score coding by three methods (V= 24,804).
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Figure 4.
Bland—Altman plot of the mean of ISS-ICDPIC and ISS-registry versus the difference

between ISS-ICDPIC and 1SS-registry. Bland—Altman plot for mean Injury Severity Score
versus ISS-ICDPIC minus ISS-registry. Mean difference —1.7 (horizontal dashed line, 95%
CI [-1.8, —1.6]). Limits of agreement —13.9 to 10.5 (horizontal dotted lines).
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ICDMAP vs. Registry
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Figure 5.
Bland—Altman plot of the mean of ISS-ICDMAP and 1SS-registry versus the difference

between ISS-ICDMAP and ISS-registry. Bland—Altman plot for mean Injury Severity Score
versus ISS-ICDMAP minus I1SS-registry. Mean difference —1.8 (horizontal dashed line, 95%
CI [-1.9, -1.7]). Limits of agreement —13.3 to 9.6 (horizontal dotted lines).
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Bland—Altman plot of the mean of ISS-ICDMAP and ISS-ICDPIC versus the difference
between ISS-ICDMAP and ISS-ICDPIC. Bland—Altman plot for mean Injury Severity Score
versus ISS-ICDMAP minus ISS-ICDPIC. Mean difference —0.1 (horizontal dashed line,
95% CI [-0.1, 0]). Limits of agreement —6.5 to 6.4 (horizontal dotted lines).
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TABLE 1
Characteristics of Sample (V= 24,804)
| [

Patient characteristics

Age, median (IQR), years 40 (23-58)

Ages 0-18 years, [95% CI] 14.6% [14.1-15.0] | 3,610
Ages 0-4 years, [95% Cl] 2.3% [2.1-2.5] 570
Ages 5-14 years, [95% CI] 5.9% [5.6-6.2] 1,460
Ages 15-18 years, [95% Cl] 6.4% [6.1-6.7] 1,580

Ages 265 years, [95% CI] 19.6% [19.1-20.1] | 4,869

Female sex,2[95% Cl] 36.8% [32.2-37.4] | 8,302

Total ICD-9 codes, median (IQR) 3(2-5)

Trauma ICD-9 codes,b median (IQR) 3(2-9)

Outcomes

In-hospital mortality, [95% CI] 3.9% [3.7-4.2] 970

Admission or death, [95% CI] 85.0% [84.6-85.5] | 21,088

Length of stay, median days, (IQR) 3(1-5)

Any surgery, [95% CI] 35.7% [35.1-36.3] | 8,863

Nonorthopedic surgery, [95% CI] 13.0% [12.6-13.5] | 3,234

Note. ICD-9 = International Classification of Diseases, Ninth Revision; IQR = interquartile range.

a . . S
2,246 patients in the trauma registries did not have sex recorded.

bICD—Q codes 800-960 and 990-999.
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TABLE 3

Mean Differences, Bland—Altman Limits of Agreement, Median Differences, and Weighted Kappas Between
Methods of Calculating ISS by Age Groups

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny
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Mean Difference [95% CI] | Limits of Agreement | Median Difference (IQR) | Weighted x

All ages

ICDPIC - Registry -1.7[-1.7,-1.8] -13.9t010.5 0[-3,0] 0.72

ICDMAP - Registry -1.8[-1.9,-17] -13.3109.6 0[-1,9] 0.76

ICDMAP - ICDPIC -0.1[-0.1,0] -6.6106.4 0[o,0] 0.86
Ages 0-18

ICDPIC - Registry -1.4[-1.6,-1.2] -12.7109.9 0[-1,0] 0.74

ICDMAP - Registry -16[-1.7,-1.4] -12.4109.3 0[-1,0] 0.77

ICDMAP - ICDPIC -0.2[-0.3,-0.1] -5.7t05.3 0[0,0] 0.87
Ages 0-4

ICDPIC - Registry -15[-2.0,-1.0] -13.4t010.4 0[-1,0] 0.70

ICDMAP - Registry -16[-2.1,-1.2] -12.8109.6 0[-1,0] 0.75

ICDMAP - ICDPIC -0.1[-0.3,0.1] -5.61t05.4 0[0,0] 0.85
Ages 5-14

ICDPIC - Registry -1.4[-16,-11] -11.9t09.1 0[-1,1] 0.71

ICDMAP - Registry -1.6[-1.8,-1.3] -11.8t08.7 0[-1,0] 0.74

ICDMAP - ICDPIC -0.2[-0.3, -0.1] -49t04.5 010, 0] 0.87
Ages 5-18

ICDPIC - Registry -14[-1.7,-11] -13.2t0 10.5 0[-1,0] 0.76

ICDMAP - Registry -1.6[-1.8,-1.3] -12.9t09.8 0[-1,0] 0.79

ICDMAP - ICDPIC -0.2[-0.4, 0.0] -6.4106.0 0[0, 0] 0.87
Ages 19-64

ICDPIC - Registry -1.8[-1.9,-1.7] -20.0t0 14.7 0[-3,0] 0.72

ICDMAP - Registry -2.0[-2.0, -1.9] -14.0t0 10.1 0[-3,0] 0.76

ICDMAP - ICDPIC -0.1[-0.2,-0.1] -7.0t06.8 0[0,0] 0.85
Ages =65

ICDPIC - Registry -1.6[-1.7, -1.4] -12.2109.1 0[-1,0] 0.72

ICDMAP - Registry -15[-1.6, 1.5] -11.1t08.2 01[0, 0] 0.78

ICDMAP - ICDPIC -0.1[-0.2, 0] -5.81t05.6 0[0, 0] 0.86

Note. IQR = interquartile range.
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TABLE 4

Measures of Agreement Between Methods of Calculating 1SS

Agreement | Weighted x

Same ISS
Registry vs. ICDPIC 59.2% 0.73
Registry vs. ICDMAP 66.3% 0.76
ICDPIC vs. ICDMAP 69.9% 0.86

Same 1SS range4

Registry vs. ICDPIC 76.4% 0.72
Registry vs. ICDMAP 79.4% 0.76
ICDPIC vs. ICDMAP 88.9% 8.87

Same or adjacent ISS range

Registry vs. ICDPIC 95.6%

Registry vs. ICDMAP 96.2%

ICDPIC vs. ICDMAP 98.9%

1SS >15
Registry vs. ICDPIC 91.1% 0.75
Registry vs. ICDMAP 92.3% 0.78
ICDPIC vs. ICDMAP 96.2% 0.88

Note. The agreement is the actual proportion of cases in which the two methods had the same outcome, not the agreement calculated by the
weighted kappa method. ISS = Injury Severity Score.

al SS values were collapsed into ranges 0-8, 9-15, 16-24, 25-40, 41-49, and 50-75.
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