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Better Data through Direct Physician Entry of Anatomic

Injuries?
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The authors compared the injury diagnoses and Injury Severity Scores (ISSs) generated by
three data-collection and -coding methods, and examined the times needed and costs as-
sociated with the methods. One method involved direct electronic entry of injury data by a
physician in the admitting area. Codes, severity scores, and times and costs varied signif-
icantly with the different methods, thus suggesting a need for further study of the derivation
of injury severity codes. Key words: injury severity codes; data entry. (Med Decis Making

1991;11 (suppl):S45-548)

Outcome from injury is a manifestation of initial
injury severity, victim physiologic reserve, and the ef-
fectiveness of the clinical care provided. Evaluation of
the effectiveness of trauma care and trauma care de-
livery systems, therefore, requires the accurate meas-
urement of injury severity. The current standard for
quantifying injury severity is the Injury Severity Score
(ISS).! The ISS is used extensively in trauma care re-
search and forms the basis for trauma care quality
assurance and evaluation methods.** The ISS is pro-
duced by a process that requires the collection of in-
jury diagnoses and the classification of those diag-
noses by the Abbreviated Injury Scale (AIS)." The AIS
is an anatomic injury classification system that assigns
a severity level to each injury category. The ISS is cal-
culated from the AIS according to a formula that uses
the AIS severity levels and the body region of the injury.
Diagnoses are recorded by the physician either by
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direct entry to a computer or, more commonly, by
notation in a handwritten paper-form medical record.
If the paper-form record is used, the diagnoses must
be abstracted. Abstraction is usually done by staff who
are not physicians and who have variable amounts of
medical knowledge. Once the diagnoses are recorded
or abstracted, they must be classified by the AIS. AIS
coding is done either manually or by computer, di-
rectly from the injury description or by conversion
from an intermediary ICD-9CM code ”

Errors in diagnoses and severity coding can be and
are introduced at every step in the process. The ex-
tents of inaccuracy introduced by some parts of the
coding process, such as inter- and intracoder variation
and code conversion, have been quantified,®” but the
inaccuracies introduced at other steps have not. The
best method to arrive at an accurate severity assess-
ment has not been defined.

As an initial step in the difficult process of defining
the optimal method of assessing injury severity, we
compared the injury diagnoses and 1SSs generated by
three methods available at our institution. We also
looked at the times and costs associated with the
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methods. The results of this crude comparison have
major ramifications for trauma outcomes research and
will be used to guide the design of a better-defined
and more comprehensive study.

The initial injury diagnoses for 24 trauma victims
admitted in September 1991 to a level I trauma center
were identified and coded by three methods. We col-
lected the AIS severity, 155, and ICD-9 codes produced
by each method as well as the staff times required to
generate the codes.

Method 1 ("Med Rec”) is the abstraction and coding
process of the hospital medical records department.
It involves abstraction of the handwritten medical re-
cord by medical records personnel after patient dis-
charge, manual ICD-9CM coding, and data entry into
a computerized system. For this study, ICD-9 codes
were converted to AIS severity and ISS using the con-
version program developed by MacKenzie et al.® This
abstraction, coding, and conversion process is used
by many trauma centers and in many investigations
that utilize large state data systems. Physician involve-
ment in this process is limited to writing a note in the
medical record.

Method 2 ("Dedicated”) is employed at The Mary-
land Institute of Emergency Medical Services Systems
(MIEMSS)—Shock Trauma and involves concurrent data
abstraction from the handwritten medical record by
dedicated trauma data collectors, data verification by
the physicians caring for the patients, data entry with
automated AIS and ISS severity coding, and manual
ICD-9 coding. In this method, the physician is asked
to verify the information in his or her note before cod-
ing is done.

Method 3 (“MD-Interface”) involves the use of a pro-
totype Hypercard data entry and automated coding
interface by a single physician present in the admitting
area and operating room during the first 24 hours of
avictim's admission. The Hypercard interface used for
this evaluation was designed and built by one of the
authors (Burman). The software employs a point-and-
click graphics user interface to depict most injuries.
Specific injury information that is difficult to represent
graphically is obtained through direct on-screen ques-
tioning of the user. Injuries are automatically coded
into AIS severity and ICD-9CM codes. An 1SS is auto-
matically calculated.

The ISS and ICD-9CM codes generated by each
method were compared to assess concordance. Each
method produced 18 1SSs, one per patient, but a dif-
ferent number of ICD-9CM codes per patient. We com-
pared the codes from each method with those from
each of the other methods. Concordance was calcu-
lated as follows. One method was selected as the ref-
erence and was compared with each of the other two
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methods for exact code matches. The number of exact
code matches was divided by the number of codes
listed by the reference method (the highest number
of possible matches). The result was multiplied by
100 to yield the percentage match between the two
methods.

Staff time required to generate codes for each method
was recorded as follows. The times spent on each task
in methods 1 and 2 were recorded on special forms
by the persons actually performing the tasks. Some of
the method 1 times were estimated by the coding
supervisor. Method 2 times were all recorded directly
by the coders. The times that physicians spent hand-
writing the medical record notes used in methods 1
and 2 were not directly recorded but were approxi-
mated at 15 minutes per record. This approximation
was based on prior observation of the times required
for physicians to generate admitting notes. For method
3, the Hypercard interface program automatically re-
corded interaction time.

Cost was measured for each collection and coding
method by multiplying the average time spent gen-
erating codes for the study patients by the average
wage of the persons involved in each task. The phy-
sician costs associated with method 3 are conservative
because the interface does not currently complete all
the tasks required to generate an admitting note in
the medical record. The cost estimates for the non-
physician personnel involved in methods 1 and 2 do
not reflect the times required to train and supervise
personnel or the indirect costs associated with the
employment of staff.

Results

Complete coding data and times by all three meth-
ods were available for 18 of the original 24 trauma
victims. For six victims, we failed to collect data with
either method 1 or method 2. We therefore chose to
exclude those patients from the analysis.

The number of injury ICD-9CM codes generated for
all 18 patients by the methods were:

No. of
Method ICD-9CM Codes
1 (Med Rec) 37
2 (Dedicated) 59
3 (MD-Interface) 43

Minor skin injuries explained most of the variation
in the number of diagnoses captured by each method.
Both method 1 and method 3 captured nine skin-
injury diagnoses, whereas method 2 captured 25. There
were 120 unique codes generated in all. Only five di-
agnostic codes were common to all three methods.
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CONCORDANCE

ISS. When the ISS codes generated by method 1 were
compared with those of method 2, there were two
matches, for a concordance of 11% (2/18). When method
1 codes were compared with method 3 codes, there
were also two matches, for a concordance of 11%
(2/18). When method 2 codes were compared with
method 3 codes, there were three matches, for a con-
cordance of 17% (3/18):

ISS Matches—

Concordance

Methods Compared No. %o
1 and 2 2 11%
1 and 3 2 11%
2 and 3 3 18%

ICD-9CM. Using the number of method 1 ICD-9CM
codes as the reference (37 “total possible matches”),
there were 14 method 1-2 matches and seven method
1-3 matches, resulting in concordances of 38% (14/
37) and 19% (7/37), respectively. When method 2 was
used as reference (59 “total possible matches”), there
were 14 method 2-1 matches and nine method 2-3
matches, for concordances of 24% (14/59) and 15% (9/
59), respectively. When method 3 was used as refer-
ence (43 "total possible matches”), there were six method
3-1 matches and nine method 3-2 matches, produc-
ing concordances of 14% (6/43) and 21% (9/43), re-
spectively. Thus, depending on which method is used
as the reference, concordance of method 1 to method
2 is between 24% and 38%, concordance of method 1
to method 3 is between 14% and 19%, and for method
2 to method 3, concordance is between 15% and 21%:

Methods Compared Concordance
1 and 2 24% —38%
1 and 3 14% —19%
2 and 3 15% —21%

TIME

Non-physician staff times for methods 1 and 2 in-
cluded times spent on review of the written patient
chart, manual ICD-9CM coding, and entry into a com-
puterized database. For method 2, staff and physician
times also included times spent on verification of the
injury diagnoses in a weekly team meeting.

When physician time (for writing an admission note
on the patient chart) was added to staff times, method
1 required on average a total of 37.1 minutes to pro-
duce injury codes per patient, and method 2, with
verification, required on average 49.1 minutes per pa-
tient. Method 3 required an average of 5.7 minutes per
patient,
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Average Staff Times Spent per Patient for
Injury Coding

Non-
Physician Physician Total
Method Staff (Min) (Min) (Min)
1 22.1 15 371
2 34.2 19.2 491
3 — 5.7 8.7

cosT

The local average wage for medical records staft re-
sponsible for coding and data entry was $12/hour. The
figure we used for housestaff physician time was $25/
hour.

For method 1, the number of hours spent per patient
by non-physician staff was 0.37 hour, for method 2 the
time was 0.57 hour. The number of hours of physician
time were: method 1, 0.25 hour; method 2, 0.32 hour;
and method 3, 0.10 hour.

Average Costs, in Dollars, for Staff Time, per Patient

Non-
Physician
Method Staff Physician Total
1 $3.08 $6.25 $ 933
2 6.84 8.00 14.84
3 — 2.50 2.50

Discussion

The comparison of three data collection and coding
methods demonstrated that the injury diagnoses codes
and injury severity scores generated by different meth-
ods were very different. It also demonstrated wide
variations in the times and costs associated with use
of different methods.

LACK OF CONCORDANCE

The existence of large method-dependent variations
in injury diagnoses and severity codes, if substantiated
by further study, has far-reaching ramifications for
trauma quality assurance (QA) programs and clinical
research. QA programs and research studies routinely
stratify study populations by injury severity and phys-
iologic factors and measure the variance in outcome.
Variance in outcome is attributed to differences in the
therapy rendered. Therapeutic approaches have been
accepted as efficacious or rejected on the basis of these
analyses. It now seems that much of the variation in
outcome could be attributable to the variation in the
injury severity of study populations, especially if dif-
ferent methods were used to arrive at severity mea-
sures. Approaches to patient care and trauma care
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delivery systems that were accepted or rejected on the
basis of such studies may need to be re-evaluated.

The concordances in this study were very low, in
part because the study design demanded that the codes
be an exact match. Better concordance would be
achieved if near-matches were permitted. It must be
understood, however, that the ICD-9 code is already
quite nonspecific. For example, 823.9 and 823.8, open
vs. closed tibial fractures, vary only by a single digit.
A patient with a closed tibial fracture could well have
his or her leg casted in the emergency department
and be sent home. A patient with an open fracture,
however, may well require several operations, a pro-
longed hospitilization, months of rehabilitation, and
possibly a limb amputation. It is clear that small var-
iations in ICD-9CM code can reflect major differences
in injury severity and outcome. Thus, the demand of
the study for exact code matches in concordance cal-
culations is justified and not a demand for too much
precision.

The low concordance of codes generated by the
three methods may be explained by specific variations
in the processes of data collection and coding em-
ployed by the methods. Unfortunately, the study looked
only at the end products of the three methods and
not at the individual steps in each method. As a result,
little can be said about which steps contributed to the
variation in end products. It is tempting, and probably
correct, to attribute a portion of the variance to the
level and type of physician involvement, which does
vary substantially between the three methods. A causal
relationship, however, cannot be established by this
study.

We attempted to compare the accuracies of the di-
agnoses produced by the methods by making the as-
sumption that the doctor is right and the diagnoses
collected by the physician in method 3 represented
the “gold standard.” In the end, we rejected that as-
sumption. Without a “gold standard” external to the
three methods in the study, accuracies could not be
compared.
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COSTS

The possibility of significant cost savings with direct
physician entry and automated coding was clearly
demonstrated.

The results have convinced us that further study of
methods of deriving injury severity codes is warranted.
Among the studies that should be pursued is a more
careful evaluation of the effect of direct computer entry
of injury diagnoses by physicians. We know it could
reduce costs. We need to investigate the effect on the
accuracy of injury severity measures by performing a
study with an external “gold standard.”
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