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1.0 INTRODUCTION

This report presents the resylts of a six-month project to
examine the feasibility of relating medical research and development to
potential military payoff. These results were developed by Vector
Research, Incorporated, (VRI} for the US Army Medical Research and Develop-
ment Command under Contract Number DAMD17-78-C-8025. In addition to
this report, a technical annex was developed which describes major
analytical formulations and computer programs used during the project.

The technical annex is bound in separate volume under the same report

l
title.

1.1 Outline of Report

The report is organized into four chapters -- this introductory chapter,

a cnapter wnicn discussas tne methodology developed in the study, a cnaptar
which demonstrates an application of the methodology, and a chapter which
describes the study observations and conclusions. The introductory chapter
discusses the study background, purpose, and scope and presents a summary of
the study findings. The study methodology described in the second chapter
provides a conceptual framework for estimating the military payoff of R&D
improvements to medical system capability. The specific payoff measures
chosen are those which reflect an improvement in combat fighting strength
by increasing the numbers of casualties returned to duty during conflict.
Then using this conceptual structure, the third chapter presents a demon-

stration of this methodology by using historical combat casualty data.

1See [Doyle <t «i., 1973} in the bibliography of this report for.a specific
reference.
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The fourth chapter presents observations and conclusions based on the
demonstration results of the third chapter. The report concludes with
an appendix which presents an overview of the data used in the demon-

stration of the methodology.

1.2 Background

The US Army Medical Research and Development Command (USAMRDC) <
conducts research directed toward improving the capability of the
‘Army's medical system. One of USAMRDC's research mission areas --
Mission Area Il -- is concerned with improving the capability of the 1
field medical system to manage combat casualties. That is, research
in this mission area influences the capability of the medical system
to discover, resuscitate, treat, and evacuate soldiers who are wounded
by enemy action, injured during combat, or diseased. One military objec-
tive of this research is to reduce the amount of time required to return

to duty those casualties with mild to moderate conditions. Thus, a

measure of the potential effectiveness of research conducted under

this mission area is its impact on combat casualty recovery time.

pry

Since the availability of R&D resources is limited, one of the pri-

L AN GUB SN 4 cnh R SEN o
v .

mary concerns of the USAMRDC research program is the priority of research
projects in Mission Area II. A major consideration of such a prioritiza-
tion is the degree to which an individual research project or a group of {
research projects appears to have potential to impact on the rate at which

! casualties are returned to duty. The problem addressed by this study is

ey
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on the number of casualties returned in these classes. Despite the
difficulty with the casualty classification scheme, this data was useful
to demonstrate the range of R&D impact if it were capable of achieving
certain outcomes. In addition, the demonstration of the methodology
using this data illustrated the mechanics of relating medical research
and development to return-to-duty performance; thus supporting the above
conclusion.

The methodology developed in the study requires further refinement
to be useful to USAMRDC in justifying or improving tﬁe allocation of
resources to R&D programs. One such refinement is the integration of
the methodology into the USAMRDC programmatic and research project structure.
The demonstration provides an example of how this integration might be
visualized and illustrates a general technique for reorienting the content
of combat casualty information so that it might be more useful to research
planning activities. Another suggested improvement to the methodology
is the incorporation of information concerning the uncertainty of R&D
outcomes and the cost of R&D. With these and other less extensive improve-
ments, the methodology could assist with the development and evaluation of

alternative R3D resource allocation strategies.
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Use of these conceptual information flows in an actual study requires
definition of flow parameters and estimation of parameter values. The
specification of the types of data and level of detail contained in each
information flow definition is dependent on the specific structure and
content employed in the three processes. The structure of the processes
is dependent, in turn, on the specific questions being addressed and the
availability of data. An example set of such definitions and interde-

pendencies is provided in the study demonstration (chapter 3.0).

2.2 Generic Processes

The methodological framework consists of three generic processes --
the casualty generator process, the medical system process, and the com-
parison process (see exhibit 2-2). They are data producers; within the

context of the methodology this data becomes information. That {s, each

“process accepts a subset of the information flows described above

inputs and produces another set of these information elements as out-
puts. This section discusses the three processes, the functions they

perform, and the alternative ways that might be chosen to perform these

functions.

2.2.1 Casualty Generator Process

The role of the casualty generator process is to produce a casualtly

stream, the numbers of casualties in each casualty class for each day

. A
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2.3 Effectiveness Measures

There are a number of measures that could be used to describe the
return-to-duty effectiveness of the medical system. Effectiveness
measures could be used which describe: (1) the performance level of
the medical system to return casualties to duty, (2) the medical system

cost of achieving a particular level of performance, or (3) some com- -
bination of these two. Ouring the development and demonstration of

the above methodological structure, most of the emphasis was placed on
the first of the above types, i.e., measures which describe the returmn-
to-duty performance of the medfcal system.! Consequently, the following
discussion primarily concentrates on measures of this type. However, it
should de nc2ed that medical R&D directed toward improving combat casualty
management caﬁ impact on the medical system resource requirements (i.e.,

costs) as well as increase the number of casualties returned to duty.

Thus, the uitimate effectiveness measure should be one which includes
both cost and performance considerations.

Four measures of the return to duty performance of the medical system
were examined during the study. The first measure was a simple count of
the number of casualties returned to duty during the conflict period. The
major advantage to this measure lies in its simplicity. The obvious dis-
advantage of the measure is that it gives the medical system as much credit

for returning a soldier on the first day of the conflict as it would if

1This emphasis was the consequence of the study scope which adopted the
operational objective for Mission Area II; i.e., one with a single goal
of increasing return-to-duty rate.
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he were returned on the last day. Thus, the measure does not provide a
realistic assessment of the medical system's contribution to the fighting
strength during the conflict.

The second measure, the number of noneffective man-days during the
conflict period,‘ obviates this shortcoming by counting the number of man-
days lost to combat (i.e., spent in the medical system). This is a neg-
ative measure from the combat perspective, since the effectiveness value
increased as the value of the measure decreases. The measure is often
used as a component in medical system planning since it provides an
assessment of system workload. However, when employed within the con-
text of the methodology discussed above, it has the potential drawback
that its value may not always change in the appropriate direction with
changes in return-to-duty effectiveness. For example, if the medical
system became capable of rapidly returning a certain class of casualties,
these returned casualti2s would then be at risk to becoming casualties
in different classes, which could have much longer recovery times than
those in the original class. Such an occurence is, however, remote thus
the major disadvantage of this measure is its orientation to medical
workload rather than combat strength.

The third measure examined was the number of active-duty man-days
during the conflict period. This measure has intuitive appeal from a
combat perspective since it provides a direct measure of combat strength.

The disadvantage of this measure is that its value is dependent on the

1The total number of man-days that combat casualties spend in the medical
system. Other types of noneffective days attributed to non-medical
causes (e.g., desertion) are not included.
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characteristics of comDat. "RAL 15, 188 T4x "hawk Chel o .orws o0
returned to duty will CONLrIDutE %0 UM FI GBIl Pui'us Tur Llis
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use in the demonstration described in the next chapter.

It should finally be noted that the absolute value of 311 of thr
above measures is dependent on both the size of the force under consider-

ation and the duration of the conflict period. However, the values of
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were classified according to the AHS casualty classes which are pri-
marily based on the anatomical location of the injury, but lump to-
gether various types of injury. Consequently, the casualty classes were
often extremely heterogeneous, increasing the difficulty of estimating the
potential impact of R&D has on these classes. Second, the data reflects
the distribution of casualties over classes for the entire Vietnam war
or Korean war, thus, averaging the combat and noncombat situation. The
resultant distributions are not necessarily representative of those
anticipated in the initial phase of future conflict in Europe. Third,
again due tc the data being collected during various conditions, the
distributions of convalescence times do not reflect a single medical
system, but rather the average performanca of the medical system under
various degrees of overloading and underlioading, etc. Finally, the

data did hot contain any information about outpatients. Consequently,

the numbers produced using this data in chapter 3.0 are simply iljus-

trative of the kinds of information that can be produced and are used
only to demonstrate the methodology. These values should not be used

other than for demonstration purposes.
A refinement was required of the MEDPLN data for the fifth input

(the probability distribution describing the fraction of casualties in

each casualty class), since the MEDPLN data described only inpatients,

and since outpatients were also being considered in the demonstration.

Subjective estimates of the proportion of outpatients in each class
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were incorporated into the MEDPLN data to produce the distribution of
injuries over classes for inpatients and outpatients combined.

Using these five inputs, plus information concerning the number
of medicai system returns to duty, the casualty generator provided an
astimate of the number of casualties an each day and proportionally
distributed these casualties over the MEDPLN casualty classes. The
mathematical equation! used to compute the number of casualties by

class and by day is given in exhibit 3-1.

3.1.2 Demonstration Medical System Process

The analytic representation of the medical system srocess was called

the medical system model. The medical system model developed in tnhe
demonstration provided feedback to the casualty generator prccess (the
number of returns by day), and estimated the appropriate performance
measure (the number of potantial rastored man-days). This section
describes the characteristics of the medical system model in both the
absence (baselfne) and presence of R&D improvement. The baseline case
is discussed first in terms of the assumptions, inputs, mathematical
structure, and outputs of the medical systams model. This is follcwed
by a description of the methods used to incorporate R&D impac: into the

model structure.

lYolume [I of this report -- Thg Tzcimical Armex -- describes in greater

detail the analytical methods used to make these computations.

. .-
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EXAMPLE CONVALESCENCE TIME DISTRIBUTION

CHIBIT 3-2:

FOR CASUALTY CLASS K
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EXHIBIT 3-3: MEDICAL SYSTEM RETURNS FORMULA

j-=1
RETJ. = z [cj,k e (1 - PIk) "'ch-i,k . PIk . PRk . fk [t=1‘]]
classes j=1

k

where
RETJ. = the number of returns by the end of day j,
Cj,k = the number of casualties in class k on day j,
PIk = the probability that a casualty in class k is an inpatient,

PRk the probability than an inpatient in class k recovers

fk[t=i]

the probability that an inpatient in class k who recovers,

convalesces in exactly i days.
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EXHIBIT 3-4: PERFORMANCE MEASURE FORMULA

PRMD = Z

classes

k

where

PRMD

fk[t=n'j+] ]

15
z Cj,k o1 - PIk) .(Rj - TOk)
j=1 '
15
+}: {ci k-PIkOPRkofk[t-n-j+l]-(15-n¢l)}
n=j

the number of potential restored man-days,
the number of casualties in class k-on day j,
the probability that a casualty in class k is an inpatient,
the number oF cays remaining in tne CoNTliCcT PerioG on day J,
the average treatment time for outpatients in class k,

the probability that an inpatient in class k recovers,

the probability that an inpatient in k who recovers

convalescences in exactly n-j+1 days.

1
'
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against which potential R&D improvements are judged and defines the maximum

amount of this improvement for a particular casualty stream.

For example, the potential impact of R&D on the performance
of a degraded medical system could be significantly greater than its
impact on the performance of a nondegraded system. There are at least
three causes for this increase in potential R&D impact. First, since
the degraded medical system would probably return casualties to duty
more slowly, more patient man-days are exposed to the potential R&D
improvement. Second, of the patient man-days exposed to R&D, some would
likely be casualties with less severe injuries who normally would be
returned by a nondegraded medical system. Return-to-duty rates of these
casualties might more readily respond to R&D improvements, particularly
those intended to alleviate some of the problems causing the degrada-
tion of the system (e.g., those that improve the productivity of
medical personnel or materiel or reduce the storage requirements for
wnole blood. The third czuse results from the measurement of impact
relative to baseline performance. The same increase in potential re-
stored man-days would result in a greater percent improvement over the

baseline performance as this performance diminished (i.e., degraded).

The baseline performance shown in exhibit 3-6 represents approximately
22,000 potential restored man-days (i.e., the number of potential restored
man-days required to produce the striped area designated in the exhibit
as medical returns). This baseline return-to-duty performance can be
further decomposed into the return-to-duty contribution of each casualty
class.

In all, there were twenty-seven MEDPLN casualty classes used in the

analysis. Eleven of these casualty classes contributed over ninety percent
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of the 22,000 potential restored man-days (PRMD). Exhibit 3-7 shows the
individual contribytion of each of these eleven casualty classes to the total
baseline PRMD. The contribution of the most significant class, lacerations
and contusions,! is shown on the bottom of the bar graph with the remaining
classes stacked on top of this class in order of PRMD significance.

Three characteristics essentially determine the relative significance
of one casualty class versus another seen in the exhibit. First is the
relative frequency of the casualties in that class, second is the estimated
inpatient/outpatient ratia for that class, and third is the distribution of
inpatient recovery times.?2 The most significant casualty classes are those

which were prevalent in the Vietnam War3 and were likely to be outpatients

or experience a rapid recovery time in the hospital if hospitalized. The
least significant classes are those that were infrequent, had no outpatients,

and required lengthy hospitalization prior to recovery.

3.2.3 Parametric Analysis of Three Types of R&D Impact

A major component of the demonstration was a parcmetric analysis
of the degree to which R8D might increase the baseline return to duty
performance. The analysis was parametric in form since it addressed
questions concerning the potential impact on return to duty performance
if R&D were capable of improving the level of medical system capapility
to a specified level. The analysis did not address the question of
whether R&D could achieve such an improvement in system capability. As

noted previously, the three types of R&D improvements examined were:

1A more detailed description of this and other casualty classes used in the
analysis is provided in appendix A.

2Data describing these three characteristics is provided in appendix A.

3As noted previously, the particular data sets chosen for this demonstration
were those developed from the Vietnam War experience.
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EXMIBIT 3-9: POTENTIAL R&D IMPACT

(PARAMETRIC REDUCTION IN INPATIENT RECOVERY TIME)

INCAEASE
oven
BASEL INE

POTENTIAL
RESTCRED
MAN-0AYS

)

aPRMD s %

10,000 7 45

8,000 T 36

6,000 ¢ 27

4,000 T 18

2,000T 9
0

" 2 4 6 8 10 12 14

REDUCTION IN INPATIENT CONVALESCENCE TIME (DAYS)
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day reduction in inpatient convalescence time results in an increase of
about 4,600 potential restored man-days -- nearly three times the maxi-

mum number shown in exhibit 3-8.

The reduction in the number of casualties requiring hospitalization

is represented by converting inpatients to outpatients and reducing the
convalescence time for the remaining inpatients. The greatest impact
with this type of R&D occurs when the outpatient time is reduced along
with the conversion of inpatients to outpatients. Thus, exhibit 3-10
compares the relative magnitude of such a combined impact to the other
impacts presented above. In this exhibit, the impacts of reducing
outpatient treatment times and the transformation of inpatients

to outpatients are both presented under their most favorable condi-
tions. Even so, the major portion of the R&D impact appears to

come from reducing the inpatient convalescence times. This situa-
tion is even more evident when it is noted that the probability of
being able to eliminate the outpatient treatment time is remote, ex-
pecially when inpatients are also being transformed to outpatients.
Therefore, the remainder of the demonstration analysis will consider
reduction in inpatient convalescence times to be the only type of

R&D impact of interest.

3.2.4 Parametric Reduction in Inpatient Convalescence Times

The impact on returns to duty performance of reducing the inpatient

convalescenca time for all patients was demonstrated in the previous
subsection (see exhibit 3-9). A 14-day reduction in convalescence
was found to increase the number of potential restored man-days by

10,000, an increase of about 45 percent over the baseline performance.

If each of the 27 casualty classes contributed equally to this increase,

PO ANA A 8.
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each would account for approximately 370 potential restored mem-

days (i.e., the average increase per class). As anticipited from Lne
decomposition of the baseline performance into the indiviaud) cCaswdlly
class contributions, there was significant inequality in the 1mpact

contribution of different classes.
Exhibit 3-11 illustrates the degree to whiCh the reductlion in the

.convalescence time of certain casualty classes® accounted for mych of
the impact on return to duty performance. In fact, only seven of the
27 casualty classes exceeded the average impact level (shown by

the dashed line). Furthermore, the total contribution of these

seven classes accounts for over 70 percent of the impact found for
all 27 classes.

The results in exhibit 3-11 also indicate that the seven signifi-

cant casualty classes appear to cluster in groups. The particular grouping

however, depends upon the selection of a common value for the reductton
in convalescence time. In addition, the order ranking of these casualtly

classes changes slightly with the selection of any cormor valie fir a

reduction in convalescence time and changes significantly if the reduction

in convalescence time is varied from one casualty class to the next.
This latter case appears to be more likely since R4 directed *oward
one type of casualty will probably achieve a reduction in convalescence
which is different than that achieved for another class. Thus, the
next logical question confronting the demonstration was to examine the
feasibility of R&D achieving a particular reduction for an individual

casualty class.

1A more detailed description of the casualty classes used in the demon-
stration is provided in Appendix A.
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3.3 Demomstration of Linkage Between USAMRDC R&D Programs

and Methodology

The demonstration resuits represented R&D improvements by shifts in
the distributions of times to return wounded and injured personnel to duty,
where these personnel have been categorized into selected MEDPLN casualty
classes. If the methods exercised in this demonstration are to be of use
to USAMRDC in justifying or improving the allocation of resources to R&D
programs, these programs must be related to some extent to the performance
of the combat medical system, so as to obtain a measure, quantitative or

qualitative, of the payoff for R&D investments. This section provides an

¢ example of how this linkage might be traced for research at USAMRDC.
Exnibit 3-i1d4 is a relaevance Zizgram, showing VRI's understanding of
the potential impact of some selected Mission Area II research on the
;‘* management of combat casualties. The diagram is similar to the SPIDER
charts used in DARCOM to relate R&D work units concerned with the develop-
ment of equipment to the potential impact of that equipment on a future
* battlefield. Like the SPIDER charts, the relevance diagram relates R&D
to either a direct materiel or procedural product of the research or to
° its likely contributions to future materiel or procedures. Here, the R&D
is concerned with the medical materiel and procedures, and its impact is
indicated in terms of the return to duty of combat casualties belonging to
® MEDPLN casualty classes.
The exhibit contains five columns -- mission areas, research programs,
projects, generic injury types, and MEDPLN casualty classes. The first
) three columns organize a sample subset of USAMRDC researcn. As it shows,
' @
-
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a mission area can require several research Drograms 10 CareY)y ol 115 Joels,
and research programs consist of several ingiridual projects (1.¢.. wore
units or clusters of related work units). Conversely, 1t SmOws TR1 these
projects and programs do not exist in isolation; they eaist deCiIuie they
support the objectives of the research programs and WISS10R $reds 1O which
they belong. This hierarchical relationship is nelpful W unaerstanging
why programs and projects are pursved.

The first column of the relevance diagram lists ne four missiton srees
of USAMRDC. This demonstration project 1.3 been concerned Only with the
impact of Mission Area 2 research, and hence only programs from Thi§ mission
area are shown in the diagram. The example research programs in ihe isecond
column are organized by areas of biological science and, 10 iome degree,
by the nature of the desired end product, medicail procedures or myleriel.
In some cases, these programs correspond to organizations within USAMRDC,
because existing organizations are 20 s0me extent alijned along ares; o
knowledge. For example, the Blood Research Division within the LA R
Department of Surgery conducts much of the research on biood storsge and
blood substitutes. Also, the Surgical Metabolism Division within that
department conducts much of the research on metabolic support. Such 3
division of programs along organizational lines does not hold for all re-
search, and research on related topics can occur in different departments
and divisions, just as different areas of biological science are invests-

gated within a single organization. Consequently, a clearer picture of

the relationship among projects results by aggregating them according to

1The Letterman Army Institute of Research is one of the USAMRDC research
laboratories.

.
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ARCRITArY O AcniIeve he Dayoff estimated for implementing an advance in
NOTNRF dreda. For qaample, 1t may 2@ necessary 0 understand the storage
Jrnperties IF 3 5la0d SWDSTItule %o Merwing the potential degradation
in trs apilizy o support life 1n flela medical operations.

Another redson for daralle!l projects 13 the risk associated with
ingiytdua! orajects  Since wcnnoiogical advances are impossidie without
"ne 3:20074nCH Of 1ome degree 3 riti, INEre i3 4lwdys the chance that
an RAO e*fors wil! fei!, or will not produce the level of improvement
nticigated. (F the mcertainiy 'n an Sporoach 13 high enough, and 1f the
Jrndlem 13 aF 1urficient iMpOrtance. 't My de worthwhile to pursue dif-
rgrant ;oientifiy apor3eches 20 33! 41ng e Drodlem, thus fncreasing the
Mances T 3% least ane awormech j.cleeding,  Jtfferent goproacnes must
e walladle. "owever, a5 it the ‘uNds and research resources t0 pursue
the Serilie! aporiaches.

T Jardl el aporiacte; ire ‘eaiiJsle, ore Ceds.re ¢ the .ncartatnly
inngrent in €ach apPTRACA wouid "ei3 20N in mak1ng 3i.i0Cation decrsions
and in justifying the Jecision once 1t was made. Efven 17 Darallel ap-
Jroaches are not ifnvolved, risk informaticn can de useful, ‘ur examp'e,
when an increased budget s required 0 reduce he risk of a project's
failure, or ~hen an increased risk of faiiure s acceptec in order 20 free
Funds for other uses. Liperience has shown that researchers often can
Juantify their undersianding of the uncertainly inherent 1n the projects

they are pursuing.: ([2 has also shown that researchers can often cite

‘Methods for obtaining guantitative estimates of this uncertainty are
discussed in [3aonder, 12°7].
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specific evidence, such as preliminary experimental results, to sup-
port their estimates.) Because many researchers are knowledgable in
the field of statistics, or at least comfortable in dealing with pro-
babilities, eliciting information about the uncertainties in the out-
come of a research project is often accomplished simply with an infor-
mal interview. However, when researchers find it difficult to quantify
these uncertainties, more formal techniques are used to elicit the
information via questionnaires, graphic aids, and comparisons with
events whose probabilities are known. Whatever the technique, these
subjective estimates can be refined by pooling the estimates of differgpt
researchers, by submitting them to review by managers, co-workers, and
other experts, and by giving the original estimators an opportunity

to revise their estimates based on feedback from this review.

Other kinds of information, in addition to uncertainty, can be
useful in the context of a relevance diagram. These include research
costs, the costs of the developed materiel, compatibility with existing
organizations and procedures, development times, the existence of alter-
native solutions, the magnitude of anticipated improvements, and the
need for these improvements. The design of resource allocation stra-
tegies for medical research and development would integrate these types
of information with that illustrated in this demonstration study (i.e.,
the linkage between R&D and the return-to-duty performance of the

medical system).

I G Y )




4.0 OBSERVATIONS AND CONCLUSIONS

This chapter summarizes the study observations and conclusions and is
organized into two sections. The first section describes the observations
developed during the demonstration of the methodology. The second section

presents the study conclusion and discusses areas for further study.

4.1 Demonstration Observations

The previous chapter demonstrated an example application of the method-
ology using a specific collection of historical data and a set of somewhat
arbitrary assumptions. Even though the intent of this demonstration was
primarily illustrative in nature, some of the observed results appear to pro-
vide some preliminary insights. In addition, the validity of the observations
was further supported by the insensitivity of some of the demonstration re-
sults to input data and assumptions. The following paragraphs briefly
describe four major demonstration observations and the conditions to which
their validity appears to be sensitive.

The first observation was that there was greater potential for R&D
impact when inpatient recovery time is reduced than when outpatient treat-
ment time is reduced. The observed difference in the return-to-duty impact
between these two improvements may be, in part, attributable to the rela-

tively small fraction of casualties that were outpatients (- 20 percent)

in the demonstration. It should be noted, however, that increases in this
fraction will not necessarily result in comparable increases in the R&D impact

for reductions in the average outpatient treatment time. An increase

'-4
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in the fraction of casualties that are outpatients increases the baseline
return-to-duty performance of the medical system. The impact of R&D 1s
measured relative to the baseline performance. Consequently, the range

of R&D impact for increasing outpatient returns-to-duty should increase with
more outpatient casualties, but the amount of this increase relative to

the baseline will clearly be less significant. Finally, it is questionable
whether R&D can reduce the average treatment time for outpatients to a

value substantially less than one day. Therefore, the potential impact
derived from an R&D reduction in the time to return outpatients to duty
appears to be limited.!

The parametric examination of an R&D reduction in inpatient recovery
times indicated that most of the impact on the return-to-duty ef‘ectivenes;
is cocncentrated in a few casualty classes. Specifically, seven casualtly
classes? accounted for 72 percent of the total impact estimated for all
casualty classes (i.e., the 27 used in the analysis). The predominance of
these seven ciasses was relatively insensitive 0 cnanjes in the amgun:
that the inpatient convalescence time was reduced.? Furthermore, only

minor variation in the significance of these classes was witnessed when

11f, however, performance of the medical system is significantly degraded
then it may not be capable of returning casualties with minor injuries

in the assumed average of one day. Left untreated, these minor injuries
could ultimately reduce the effectiveness Jf soldier performance. There-
fore, the potential for R&D in outpatient care may be greater with degra-
dation of the medical system.

2These classes were: (1) lower extremity open wounds, {2) upper extremity
open wounds, (3) psychological casualties, (4) intrathoracic wounds,
(5) intra-abdominal wounds, (6) lacerations and contusions, and (7) dis-
locations and sprains. Further definition of these and other casuaity
classes is provided in appendix A.

3The percent of the total impact accounted for by these classes differed by
less than two percent when the reduction in convalescence time was var-ed
from one to 14 days.
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APPENDIX A: DEMONSTRATION DATA

This appendiz presents the data used in the desonstration and describes
the process Dy which it was assemdbled. The data used in the demonstration
consisted of the distridution of injuries over casualty classes, and the
gistridbutions of convalescence times. The source of the data used to es-
timate these distributions was the MEDPLN study. The appendix {s organized
into two sections: (1) the data dase for the distribution of injuries over
casuality classes, and (2) the data base for the convalescence distributions.

Each section i3 divided into Dwo sudbsections: (1) the MEDPLN data dase, and

(2) the demonstration data bDase. At the end of the appendix are Dwo exhidits.

Exntdit A-1 provicdes & description of each of the demonstration casualty classes.

Exnidit A-2 provides 4 susmmiry Of the demonsiration 4ata bases for the injury

distridbution and the convaiescence distridutions.

A 1.1 MEDPLN Dsta 3ase

The data source used in the lemonstration was the US Army Medical
Plamning Faclors Study (MEDPLY) file “Vietnam A11-Jivision/Mon-Divigional
Sutmary”. The raw data used %0 compile the file was 246,000 individua’
admission records covering ihe period | July 1967 20 31 Decesber 1963. Dup-
licate, carded-for-record-cnly, and J0A records were discarded. Records not

specifying which diagnosis was the orimary cause of admission were discarded.

ATl of the remaining records periaining <o WiA admissions were used t0 compi'e
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the summary. A data sampling procedure was used for NBI, psychological and
disease admissions. "However, in all cases, the resulting sample size

was large enough to insure statistical confidence in the resulting distri-
bution."! The original records expressed the diagnosis with the Department
of Defense Disease and Injury Codes (DDDIC). The Academy of Health Sciences
(AHS) prepared a mapping of these code numbers into 60 casualty classes.
These 60 AHS classes were then mapped into the 75 MEDPLN classes by
dividing the injuries in certain classes into severe and mild groups based

on WWII severe/mild distributions.

A.1.2 Demonstration Data Base

Only casualty classes pertaining to WIAs, NBIs, and psychological
admissions were of interest in the demonstration. These classes accounted
for 40 of the 75 MEDPLN classes. The severe/mild distinctions introduced
by the MEZPLMN processing gil nct appear =5 de 1eipful to the cemonstriticng
but rather appeared capable of obfuscating the results. Therefore, severe
and mild classes corresponding to the same DDDIC numbers were recombined
according to the inverse of the procedure by which they were divided. This
reduced the number of relevant classes from 40 to 27.

As noted in the third chapter of the report, it was necessary to make

subjective estimates of the percentages of outpatients in each class in

.<

order to obtain the probability of a casualty occurring in each ciass. These

subjective estimates were made by a group of analysts and USAMRDC physicians.

IMEDPLN Final Report, G-98
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Exhibit A-1 presents a description of the 27 demonstration casualty
classes. The title of each class is given, followed by a description of tne
injuries contained in that class, followed by the number(s) of the NMEDPLN

class(es) which correspond to the demonstration casualty class.

4.2 Convalascence Distributions

A.2.1 MEDPLN Data Base

The source for the demonstration convalescence distributions was 31350
the MEDPLN file “Vietnam A11-Division/Non-Divisional Summary®. These dis-
tributions covered the first 60 days in the medical system. Distributions
for the 75 MEDPLN classes were created from the distributions for the 60
AHS classes in a manner concordant with the mapping of the 60 AHS classes
into the 75 MEDPLN classes. The distribution of an AHS f{njury class which
was divided int3y severe and ~ild MECPLN classes was 2<vided n*) two 413-
tributions. The first few days of the AHS class distribution (enough to
correspond to the appropriate percentage of casualties; was used as the
convalescence distribution of the mild class. The remainder was used as

the distribution of the severe class.

A.2.2 QDemonstration Data Base

Only the first 30 days of the distributions were used in the study.
The distributions of the severe and mild classes corresponding to the same

DDDIC codes were concatenated to provide the demonstration distributions.
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Upper deiremisiy Traciares. Sompewrd.  fe¥cteres of the upper erivemities
frvaiving Jomn wourds, nfeciiom . 8 ared hed ~ngs, or fureign

vodies. (MEDRPLN #£J2 g 0]

Upper Eetremity Fractares, 3°Mpie:  fraci,res 3° the wpper estiremities ngt
TAVOTVING ODeN wQuNgs. - eliigms. ceaged Sed fngs. or foreign bodies
(MEDPLN #28)

Jpper telremifty Jpen Wounds: wen WO 3s 3° Joper svivemities inclyuding
thase TnvaTving nerves. ‘endors 3 irawmat o ampuiations.
(MEDPLN #25 and +.9°

J




R
CMIBLY A-T: OEMOMSTRATION CASUALTY CLASS DESCRIPTIONS

(concluaed )

r Eat ty Fract : fractures of the lower extremities
Avoiving Open wounds, Infections, delayea nealings, or foreign

dodies. (MEDPLN #27 ana #29)

Lowgr Estremity Fractures, Simple: fractures of the lower extremities not
tnvolving open wounds, 'nrections, delayed healings, or foreign bodies.
(MEDPLN #29 and ¢30)

Lowgr Extremity %!n Wounds: open wounds of lower extremities including
Avoiving nerves, tandons &nd traumatic amputations.
(MEDPLN #3) and Q)
Qislocations and Sprainy: All dislocations and sprains. Also fractures
and disiocations Of vertedrs column without cord involvement, fractures
of rids., stemum, and larynz, sylttple and 11)-defined fractures of

trunk, muitiple fractures involving estremities 4nd ribs or sternum.
(MEDPLN #1])

(ntrathoracic: injury %0 near:. lung or other unspec!fied intrathoracic
organs. (MEDPLN #36 and +37)

Tharactic Jpen Wounc: open wound of chest. (MEDPLY ¢18)

[ntra-abdominal: tinjury to gastrointestinal ract, itver, kidney, spleen,
2o 4t Srgans SreoJther tetr3aabdeming’ drgans. '\yittole in‘uries 1n-
voiving intrathoracisc and intra-abecming. Irjans. "W liD'e unipecified
cpen wounds of face, neck end trunk. (MEDPLN #39 and ¢40)

Burns: 1°, 2° and 3° Durms (MEDPLN ¢45)

Lacerations and Contusions: Superficial injury to or contusion of any
part or muitiple parts of body. Contusion and hematoms of scalp.
(MEDPLN #46)

Genitourinary Wounds: genitourinary wounds (MEDPLN #47)

! Spinal [njuries: cord compression, hermmiated intervertebra disk, tumors
® and cord involvement. (MEDPLN #50)

Psychosis: psychosis (MEDPLN #73)

Psychological: excluding psychosis. Including anxiety reaction, situa-
tional maladjustment, character disorders, drug overdose, and drug
@ abuse. (MEDPLN #74)
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