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research program designed to improve health care
Adelivery will have the greatest impact if its goals are
chosen only after a comprehensive review has been made
of the ways in which the existing system fails. Combat
casualty care is no exception—a research program in this
field must be based upon a detailed knowledge of the
cause and nature of mortality and morbidity that follow
injury on the battlefield. Casualty statistics have been
collected during many wars and much is known about
..-the incidence and lethality of wounds. Nevertheless, these
- data leave certain questions unanswered, especially when
they pertain to therapy. There are several reasons why
this is so.

First, because these data are specific for a given histor-
ical period with its own unique weaponry and level of
medical expertise; inferences drawn from data collected
in a given war may or may not be useful in predicting the
outcome when circumstances. are different. For instance,
how does evacuation ime affect the mortality associated

. with facial wounds? It is known that during the Korean
conflict 1.3 per cent of combat casualties with facial
wounds died following evacuation from the battlefield.*

~ Can we predict what this statistic would have been if
~ evacuation time had been prolonged from that prevalent

' during the Korean conflict to that seen during World War

2 In World War 1, 40 percent of casualties with facial -

-:wounds died after leaving the battlefield.® Is there any

‘reason to believe that this statistic would have been

applicable in Korea? Surely the difference between 1.3 .
Percent and 40 percent reflects not the difference in

.evacuation times, but the improvement in the treatment

-of these wounds—especially the use of antibiotics. )

~-Second, commonly used terms such as “killed in acfion”

_and “died of wounds” are not especially useful when one

. -asks what specifically can be done to improve care, For
~Instance, both the soldier who dies at a battalion aid

| Station 10 minutes after being shot in the chest and the

:soldier who dies from a drug reaction during a pulmonary -

. decortication for a chest wound inflicted 10 weeks earlier
| ..are classified as having died of thoracic wounds.

: tu From the Division of Combat Casualty Care, Letterman Army Insti-

te of Research, Presidio of San Francisco, Calif, 94129,
-* Chief of Division. :
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Third, existing casualty statistics lack a control group
against which the efficacy of treatment can be assessed.
Of course, it is doubtful that a randomized prospective
study would ever be done to demonstrate the effective-
ness of combat casualty care but, as will be shown in this
paper, existing data can be treated in such a way as to
yield what is equivalent to an untreated population.

Much useful information about the effectiveness of

combat casualty care is to be found in the vast literature
dealing with the surgical management of war wounds.
However, more often than not, this material focuses ex-
clusively on the problems of the select group of casualties
who have survived to be evacuated from the battlefield.
The emphasis is upon increasing the salvage in the died
of wounds category and little attention is paid to the far
larger category of casualties who have been killed in
action. Thus, there is the distinct possibility that the
surgical literature will stress treatment problems which
may be of compelling interest in the surgical intensive
care ward or opefating room, but which are of minor
importance when viewed in the overall context of combat
casualty care.

In this paper, we will try to circumvent the aforemen-
tioned problems by analyzing the existing data in a dif-
ferent manner than heretofore used. A hypothetical
model population of combat casualties, about which all
important facts are specified, will be constructed from
existing casualty statistics. Clinical judgment will then be
used to decide mortality as a function of time after wound-
ing. This idealized population may be considered an
untreated control group, and the effect of combat casualty
care instituted at a given time after wounding can then
be assessed by reconsidering the outcome that occurred
when no treatment was given. Although this analysis
suffers from being greatly dependent upon a number of
assumptions, the contributions—as well as the deficien-

cies—in present-day combat casualty care become abun-
dantly clear. :

Data Analysis

The following factors were specifically excluded from
analysis:
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- 1. Combined conventional and nuclear/chemical/bio-
logical injury

2. Morbidity—funtional outcome in survivors

3. Type of action—offensive versus defensive

4. Wounding mechanism—mix of bullet and fragmen-
tation injuries '

5. Nonbattle injuries or disease
Combined injuries were excluded from analysis because
- mortality may well approach 100 per cent. The type of
action and the mechanism of wounding are both impor-
tant considerations, the former affecting the incidence of
wounds and the latter affecting lethality. A consideration
of nonbattle injuries would have required that certain
categories of wounding be increased by as much as one-
third. Finally, morbidity has not been addressed. Morbid-
ity needs to be considered in a separate study.

Blast and burn injuries have also been excluded from
consideration, because neither occurs with sufficient fre-
quency to affect overall mortality rates. Casualty statistics
from World War IT suggest that, in a-population of 1,000
battle casualties, one might expect 22 blast injuries with
one death” and 12 burn casualties, with a mortality of 30
per cent.” : ;

-The first step in the analysis was to determine the
distribution of wounds according to anatomical location.
Following the procedure adopted by statisticians working
with data from World War II and the Korean conflict, it
was assumed that it was usually possible to recognize a
single wound as the major life-threatening “hit,” even
though as many as one-half of all casuaities have multiple

TABLE 1
ANATOMICAL LOCATION OF MAJOR WOUND

Location World War I Korean War Model
Per Cent Per Cent Per Cent
Head 145 13.3 14
Face 6.6 84 7
Neck 2.3 26 25
Thorax 1.7 11.2 125
Abdomen 9.5 9.1 10
Upper Extremity 20.0 230 20
Lower Extremity 321 308 310
Multiple © 33 1.6 3
TABLE i

PROBABILITY OF BEING KELED IN ACTION-BY A GIVEN WOUND

Location " World Waril  Korean War Moded

" Head 0.59 0.56 0.50
Face 0.14 ’ 0.11 - 008

. Neck ’ 0.48 0.39 ’ 0.35

. Thorax ¢44 040 0.38
. Abdomen ' 0.38 0.3 ‘ 0.28
_ Upper Extremity 0.035 © 0024 0.02

Lower Extremity 0.048. 0.053 0.05

Multiple . - 0786 057 . 0.50
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injuries. In support of this contention, in 500 consecutive
autopsies performed on casualties killed in action in Viet- t
nam, only 30 had more than one anatomical region with a
a potentially fatal wound.”
- The frequency distribution of wounds as a function of u
their anatomical location was calculated as follows, Head la
wounds incurred during World War II will be considered w
as the specific example. The total number of battle cas- te
ualties with head wounds is the sum of casualties with co
head wounds killed in action (KiAg), casualties with head cd
wounds who died of their wound (DOWp), and all cas- th
ualties with nonfatal head wounds (NFWy). Total battle us
casualties will equal the sum of all those killed in action fo
(KIA), died of wounds (DOW), and nonfatal wounds |
(NFW). Therefore, the percentage of all battle casualties %_
with head wounds equals: :v(‘

100 (KIAy + DOWy + NFW)/(KIA + DOW + NFW) IT;
Since the most accessible casualty statistics give the by.
percentage of those killed in action with head wounds pel
(%KIAgL) rather than KIAy, the latter will be calculated Th
from the former as: ste)
4 sux

KIAp = KIA- %KIAL/100 per

wQ!

Similar formulae can be written for DOWy and NFWy, - Wﬂ;
The Surgeon General has recorded the following statistics 20 ;
for World War 117 £ The
KIA 192,220 %KlAy  35.6% sub

DOW 20,810 %DOWy 19.7%

NFW 578,914 %NFWy  7.4% 5

From these data, one can calculate that the following § PR

percentage of all battle casualties during World War II
sustained head wounds: g

(192,220.0.356) + (20,810-0.197)
+(578,914-0.074) _
192,220 + 20,810 + 578,914 B

14.5

1C0-

A similar calculation can be made for the Korean con-
flict, using the following statistics™:

KIA 19,353 %KlZy 37.9%
DOwW 1,957 %DOWy 254%
NFW 75,831 %NFWy 6.8%

Of all Korean conflict battle casualties, 13.3 per cent had--_,
head wounds. _

Table I gives the frequency distribution for World Wat :
1T and Korean conflict wounds calculated by the formula
for the following anatomical locations: Head, face, nec
thorax, abdomen, upper extremity, and lower extremi}
A separate category has been included for multip!
wounds. Casualty statistics for the hypothetical pO}l‘ula
tion used in this paper were taken to be the average ¢
the World War II and Korean conflict statistics, except fo
wounds of the trunk.' In keeping with the experienc
during the Vietnam War, when a much higher relatlV
incidence of trunk wounds was seen,” the figures 10
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* thoracic and abdominal wounds in Table I have been
- adjusted upwards at the expense of extremity wounds.
- Adetailed description of the pathology of each individ-
ual wound was needed. For instance, in a sample popu-
" Jation of 1,000, how many of the 140 casualties with head
wounds had wounds which involved the ventricular sys-
tem? This seemingly difficult task was accomplished by
- combining data from two sources: autopsy studies on
“ casnalties killed in action and the surgical literature on
" the management of war wounds. The latter source tells
* us about the types of wounds seen in casualties surviving
. to reach medical care facilities, while the former source
tells us about the nature of lethal wounds. On the basis
- of data collected during the Vietnam War,® one can expect
§ ' that 56 per cent of casualties killed in action by head
1~ wounds will have penetrating wounds involving the ven-
 tricular system, basal ganglia, and/or one or more cerebral
. Jobes. Thirty-two per cent of the casualties killed in action
.. by craniocerebral trauma will have through-and-through
~ perforating wounds, with loss of craniocerebral tissue.

- 1

[ PR A e ey

w o 30

stem. A similar analysis can be performed on casualties
- surviving to reach medical treatment facilities.® Eighty
-percent of these casualties may be expected to have
{  wounds in which the dura has been perforated, usually
. §  withinjury to only one cerebral lobe, while the remaining
s 4 - 20 per cent have cranial trauma only—the dura is intact.
4 - The neurologic status of the surviving casualties will be

- subsequently used to predict the clinical outcome.

_ TABLE 11l
& . PREDICTED MORTALUITY IN A HYPOTHETICAL POPULATION OF
1 s 1,000 UNTREATED COMBAT CASUALTIES
. : 6-24
Location 0-1hour  1-8 hours haurs 1-7 days’
Head B (1 11 15 27
Face’ B 2 1 24
L .. Neck 9 2 1 3
T4 Thorax 48 1 8 33
1: Abdomen 28 17 16 3
Upper Extremity 4 4 3 29
. Lower Extremity 156 12 10 87
© Muttiple 15 7 3 5
; Total 195 6B 57 . 219
a7 i Cumulative Total 261 318 537
ir
e TABLE IV
“ . MORTALITY-—RAPID EVACUATION FROM THE BATTLEFIELD
/.
e - ) KIA (20%) DOW (2%)
i ©.CNS Trauma w7
.- Hemorrhage . 98 4
x . Other 26 o
€. . Total . 195 16
e
¥ Inciuding + cervical cord injury

Including 2 septic shock and 1 respiratory distress syndrome

1 e The remaining 12 per cent will have injuries to the brain -
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Now I have partitioned the total number of casualties
with head wounds into those killed in action and those
surviving to reach treatment facilities. For instance, in a
sample population of 1,000 casualties, how many of the
140 with head wounds will be classified as being killed
in action? Rather than directly using the appropriate
casualty statistics from World War II and the Korean
conflict, I have elected to modify’ these data in a way
which [ believe makes them more useful. Table II shows
the fraction of casualties who were killed in action during
World War II and the Korean conflict by wounds in the
specified anatomical locations.™

In all categories except lower extremity wounds, the
probability of being killed in action by a given wound
was less in the Korean conflict than in World War 11, This

- cannot be due to improved medical care because the killed

in action category consists only of a casualties who died
before reaching medical treatment facilities. It may be that
the lower percentage killed in action during the Korean
conflict reflects the decreased lethality of weapon systems
used in that conflict. Be that as it may, I prefer to
interpret the differences as being the result of the greater
time spent in evacuating from the battlefield in World
War IL. The longer the severely injured casualty remains
on the battlefield, the greater will be the probability of
dying and thereby being classified as having been killed
in action. If one assumes that it took twice as long to
evacuate casualties in World War II compared with the
Korean conflict (six to eight hours versus two to four
hours)'” and a linear relation between evacuation time
and mortality, one can predict how evacuation time af-
fected survival. Specifically, a linear regression performed
on these data makes possible an estimate of the immediate
(< one hour} mortality for a wound of given location,
Table II shows the results of these calculations, which
will be used in the subsequent model development. ’

‘Of the original 140 casualties with head wounds, we
can predict that 50 per cent or 70 will die immediately or
shortly after wounding. Since these casualties would have
died before evacuation, they may be considered to have
been killed in action. Can we predict what will happen
to the surviving 70 casualties, assuming that they receive
no treatment on the battlefield other than wound dressing
and analgesia? The ouicome is predicated upon the estab-

- lished principles of neurological trauma surgery® and the

following considerations. As previously stated, about 80
per cent of the surviving casualties have wounds which
have perforated the dura. The neurologic status of these
casualties can be used to predict their outcome. About 20
per cent of the casualties will be comatose, and the
majority of these will die within six hours if respiratory
support is not instituted. About 50 per cent of the surviv-
ing casualties will have localizing neurologic findings and

- most will die withn 24 hours, unless infracranial hema-

tomata and necrotic tissue are removed. The majority of
the remaining casualties with dural penetration will die
within three days unless -cerebritis and/or meningitis is
treated. Finally, without local wound care, some of the
casualties without dural penetration will develop life-
threatening soft tissue infection within the first week,

Military Medicine, Vol. 149, February 1984
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Thus, I estimate that, without any treatment, of the 140
casualties with head wounds 70 will die within the first
hour after wounding, 11 will die one to six hours after
wounding, 15 will die six to 24 hours after wounding, 22
will die one to three days after wounding, and five will
die three to seven days after wounding. '

A similar analysis was carried out for wounds involving
the other anatomical regions but, because of space con-
straints, only the salient features of these analyses will be
considered. "

. CNS TRAUMA —
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6—24 1-3 3-7 !
HOURS DAYS DAYS

PROBABILITY OF DYING

0-1 1-6
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TIME AFTER WOUNDING
Fig. 1. Probability of dying from an untreated wound sustained in combat
as a function of time after wounding.

PROBABILITY OF DYING

6-24 1-3 3-7
HOURS DAYS DAYS

3
0-1 -6
HOUR HOURS

TIME AFTER WOUNDING
Fig. 2. Eﬁeqt of aptimal combat casualty care on the probability of dving
aftér wounding. It is assumed that 20 per cont of casualties are killed in action
- and that two per cent of those evacl_latetl die of wounds.

R

The Causes of Death in Conventional Land Warfare ' The
Face: Since the majority of casualties with facial .
wounds have mucosal lacerations, invasive oral sepsis bing
will be a serious problem in untreated casualties.® No hay
doubt this factor contributed to the hortendous number maj
of casualties dying of facial wounds during World War | hoy
(40 per cent), :
Neck: Casualties with neck wounds will be killed by
carotid or tracheal injuries or a combination of the two. |
Soft tissue infections in the survivors will be unusual, T
except in the rare casualty with an isolated esophageal pred
injury. Occasionally, death will occur from delayed blow- with
out of a contused carotid artery or an isolated injury of byt
the spinal cord. comy
Thorax: About one-half of these casualties will have the }
pulmonary lacerations of varying grades of severity.” The for 1
most common cause of immediate death is laceration of rate:
the heart. | assume that casualties that required emer- extre
gency operation (14 per cent of wounded surviving to at 24
reach definitive care®) will die during the first day after Fig
wounding if not treated surgically. An unanswered ques- asst
tion is what happens to the large number of casualties deat]
with hemopneumothoraces that are not immediately life- 1ocet
threatening. [ have assumed that one-third develop life- ocert
threatening empyema. Twenty per cent of the total num- the f
ber of casualties with chest wounds have chest wall i
injuries without pleural penetration.'? i
Abdomen: The most common immediate cause of death
is exsanguination from a lacerated liver,” The colon is the =
single most commonly injured organ.® Casualties with :
penetrating wounds of the abdomen who donotdieof § |
hemorrhage will almost certainly die of peritonitis. I as- 4 '
sume that three per cent of casualties with abdominal ¥
wounds do not have peritoneal penetration.'> Twenty-
five per cent of casualties with intraabdominal injury have i§  *nciud
associated injury to the pelvis or spine. ~
Upper Extremity: Traumatic amputation with associ- f;
ated exsanguination is the cause of death in about two
per cent of these casualties.®* However, about four per
cent will have wounds of the brachial, ulnar, or radial =
arteries which will prove fatal, either because of hemot- _
rhage or because infection will be potentiated by ischemia.
The major unanswered question is, what will happen to
casualties with untreated soft tissue wounds? I have as- .
sumed that 20 per cent will develop life-threatening in- | :
fection." *ncludi

Lower Extremity: Exsanguination from traumatic am- 15”‘3—?

putations and/or arterial wounds is the most commoft |
immediate cause of death in this group of casualties.
Vietnam casualty statistics show that about 20 per cent 0
casualties who survive to reach medical treatment fa
ties had severe injuiries; i.e., open comminuted fracture
arterial injuries, nerve injuries, or amputations.” [ hav
assumed that one-third of these casualties will succum
during the first 24 hours if no treatment is given. As will
upper extremity wounds, the major unanswered questl0
is what happens to the large number of casualties Wl
untreated soft tissue wounds. I have assumed that 20 p
cent develop life-threatening infection during the firs
week after wounding. :

Multiple: About one-half of these casualties have com®
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: pined head and thoracic wounds. Most of the remainder

have combined injuries of the chest and abdomen. The
majority of these casualties will die during the first 24

 hours.

Mortality in Untreated Combat Cééualties

Table Il summarizes the preceding analysis. The model

- predicts that about 20 percent of the casualties will die

within the first hour and that 32 per cent will have died
by the end of the first day. The 20 per cent figure is quite

_ comparable to the statistic for those killed in action during

the Vietnam War. It is difficult to find a comparable figure

-for mortality at one day. Clearly, the predicted mortality

rate after the first few hours may be totally erroneous. In
extremes of climate, mortality might reach 40-50 per cent
at 24 hours and 70-80 per cent at one week.

Fig. 1 is a graphic representation of Table III. I have

- assumed that it is possible to categorize the causes of

death into several basic groups such as hemorrhage, cran-
iocerebral trauma, and sepsis. Hemorrhage and crani-
ocerebral trauma are the dominant causes of death during
the first day; sepsis is the dominant cause thereafter.

TABLE V -
MORTALITY—B-HOUR EVACUATION DELAY

KIA (269%) DOW (49%)
CNS Trauma 82 14
Hemorrhage 143 3
Other 36 13*
Tatal ) 261 30

o including 6 septic shock, 3 respiratory distress syndrome, 2 renal failure

TABLE Vi
MORTALITY—24-HOUR EVACUATION DELAY

KIA (329%) DOW (8%)
CNS Trauma 97 18
Hemorrhage 175 2 .
Cther - 46 35*
Total 318 b5

* *Including 5 septic shock, 10 respiratory distress syndrome, 5 renal failure,

1 strass ulceration

Effect of Combat Casual_ty Care

- How would treatment alter this dismal outcome? Let

us assume a Vietnam War scenario with surviving cas-

- ualties reaching medical treatment facilities within one to

two hours after wounding, From Table 11, we can predict

-that about 20 per cent of those initially wounded will

have died before evacuation. Since these casualties died

‘before they reached medical treatment facilities, they
- would be classified as having been killed in action (KIA).
.~ 'The: individual causes of death, which were used to

fonstruct Table IV, have been combined into three broad

. Categories: Central Nervous System (CNS) Trauma, Hem-
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orrhage, and Other, which are shown in Table IV, Sev-
enty-one casualties are assumed to have died of CNS
trauma and 98 from hemorrhage. The category labeled
“other” consists of 13 casualties with injuries to their
respiratory tract (laryngeal, tracheal, sucking chest
wounds, etc.), and 13 casualties with multiple combined
fatal wounds. Table IV confirms what is intuitively ob-
vious——hemorrhage is the greatest threat to life on the
battlefield,

How many of the casualties that reach medical treat-
ment facilities alive ultimately die? It is this group of
casualties—the died of wounds (DOW)—that has tradi-
tionally been the most commonly used criterion for as-
sessing the adequacy of combat casualty care. The impor-
tant papers of Hardaway* and Amold and Cutting' have
much information regarding this population. Given a level
of medical expertise equal to that seen during the Vietnam
war, one can predict that about two per cent of casualties
surviving to reach medical treatment facilities, or 16 cas-
ualties from our model population of 1,000, will die of
wounds. Arnold and Cutting found that craniocerebral
trauma was the cause of death in 42.5 per cent, hemor-
rhagic shock in 23.9 per cent, septic shock in 11.7 per
cent, and pulmonary insufficiency in 6.1 per cent. Burns,
renal failure, spinal cord injuries, and several other con-
ditions were the causes of death in the remaining 16 per
cent of those who died of wounds. These data applied to
our model populaton of 1,000 are also shown in Table
IV, but now the “Other” category refers to casualties who
have died of sepsis and/or multiple organ failure. The
most important cause of death in casualties surviving to
reach medical treatment facilities is craniocerebral trauma.
The four casualties listed as having died of wounds in the
hemorrhage category may be assumed to have exsangui-
nated from surgically uncontrollable bleeding from liver,
pelvic, or pulmonary wounds. Coagulopathies following
multiple transfusions may be expected to contribute to
their demise. The immensely greater importance of hem-
orrhagic shock as a cause of combat mortality (102 cas-
ualties) compared with septic shock {two casualties)
should not pass unnoticed.

The enormous impact of Vietnam-war-style combat
casualty care (rapid evacuation and expert surgical care)
is shown in Fig. 2, the shaded area represents the number

- of lives saved, Can these results be improved? The British

experience during the Salalah, QOman, counterinsurgency
operation in 1972-1973 suggests that the number of
casualties dying on the battlefield can be significantly
reduced by a further decrease in evacuation time.!° Al-
though the population studied was small, less than 10 per

cent of Omani casualties were killed in action, The evac- .

uation time was about one-half the Vietnam average. In
essence, the shaded area in Fig. 2 has been displaced to
the left of the diagram. ) _
Conceivably, some of those dying of wounds in the
CNS, trauma and hemorrhage categories could be sal-
vaged by improved surgical and/or anesthetic manage-

~ ment. If one assumes that those killed in'action are beyond

salvage, the only remaining potential for decreasing mor-
tality is to develop improved treatment regimens for the

Military Medicine, Vol. 148, February 1984
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TABLE Vi
SITE OF EXSANGUINATION

16 Heart/ascending aorta
13 Lung/pulmonary artery
10 Liver
. 10. Muitiple abdominal sites including mesentery, spleen, kidney, and pel-
vis
9 Great vessels of the thorax, principally the aorta
*0 Arteries in the lower extremity -
8 Great vessels of the abdamen, especially the aorta and vena cava
*6 Amputations of the lower extremity
*3 Carotid artery (five additional carotid injuries combined with wounds of
the trachea)
*2 Upper extremity amputations
*2 Arteries of the upper extremity, especially the axillary and brachial
10 Multiple sites in the chest, abdomen, and extremities

* Possibility exists for terporary control of bleeding by first aid measures

casualties dying of sepsis and multiple organ failure.
Sepsis and multiple organ failure have traditionally been
areas.of intense interest among physicians and surgeons,
and a large fraction of trauma research funding is spent
on these problems and the related problems of surgical
metabolism, Nevertheless, even if complete salvage of
these casualties proved possible, there would only be a
modest impact on combat casualty care, because sepsis
and/or multiple organ failure currently cause only two to
three per cent of the total combat mortality.

Effect of Delayed Evacuation

It is generally believed that the great speed with which
American casualties were evacuated from the Vietnam
battlefield is unlikely to be repeated in future conflicts.

- There is grave concern that, especially in a major Euro-
pean war, the lack of air superiority will prevent helicopter
evacuation and, because of the paucity of tracked vehicles
dedicated to medical evacuation, casualties will remain

‘on the battlefield for many hours after wounding. The
deleterious effects of delayed evacuation to treatment
facilities capable of providing definitive surgical care can
be estimated from Table III, A six-hour delay would
increase the number of casualties who died before reach-

hour delay would mean. that at least 32 per cent of the
total number of casualties will have died. The latter figure
no doubt underestimates the actual attrition, because the
role of climatic exposure has not been considered.

. Table V shows the causes of death, predicted from
Table 11, which might be observed when evacuation from
the battlefield to treatment facilities capable of providing
definitive care is delayed for six hours. The major cause
of death continues to be exsanguination. The number
who die of wounds in medical treatment facilities will
increase because casualties will be more ill on arrival. A
figure of four per cent has been assumed—this being
similar to what was observed during 1944-1945 in Eu-
rope.” Sepsis and multiple organ failure are an increas-
ingly important cause of death.

- Military Medicine, Vol. 149, February 1984
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Table VI shows the causes of death, predicted from :
Tabie III, which might be observed when evacuation from ¥
the battlefield to treatment facilities capable of providing }
definitive surgical care is delayed for 24 hours. The major t
cause of death continues to be exsanguination, but some g
of the casualties with abdominal wounds dying of shock th
might also be expected to have fulminating peritonitis. It &
is assumed that eight per cent of evacuated casualties die 2
of their wounds. This figure is based upon the World War Il
I statistic that, with an average evacuation time of 18 . gr
hours, eight per cent of the casualties died.” At best this 3 ;
figure is a guess, but there can be no doubt that sepsis af
and multiple organ failure will become increasingly im- 10 .
portant causes of morbidity and mortality. I have tried to I\{/)I
indicate the relative fmportance of the target organs in J
the casualties who succumb to sepsis and multiple organ ]
failure. ig.a1
The preceding analysis suggests that a delay in evacu- N
ation, although it increases the number of casualties who s:;
die of wounds, has its main effect by increasing the an
number of casualties who die on the battlefield. It should ‘
be noted that Tables IV, V, and VI are based on the Ir.g'c
assumption that no care other than wound dressing and i rr?
administration of an analgesic took place on the battle- hég
field. In a scenario corresponding to the experience in eqi
Vietnam, this assumption is at least partially correct, ngt
because more often than not casualties were evacuated dre
directly to medical treatment facilities capable of provid- - ma
ing definitive care. The battalion aid station/clearing com- - ver
pany echelon was bypassed and the medic’s prime re- of 40
sponsibility was to arrange evacuation. If evacuation were - - o5
to be delayed six hours, and certainly if the delay ap- § g4

proached 24 hours, it is inconceivable that no care would ,§
be rendered in the field. In fact, as will be shown, a major
improvement in combat casualty care can occur cnly if
field medical care—forward resuscitation by the medic :
and battalion surgeon—is prompt, intensive and, most
important, effective. :
Consider the situation that existed in Vietnam: the only .
hope for a major improvement in salvage would have |
been to improve the care of casualties who were listed as -
killed in action. Would this have been possible? lt is
instructive to review the anatomical lesions which re
sulted in the 98 deaths from exsanguination in the mode
population shown in Table IV. These data, based upon
autopsy results from 500 consecutive casualties who were
killed in action, are shown in Table VII° A cursoty
inspection reveals that a substantial number of these
casualties (marked by *} exsanguinated from arterd
wounds at sites where simple first aid measures (direc
pressure, pressure on the cognate artery, or application ot
a tourniquet) might have been expected to control hemt
orrhage at least temporarily. Further data from the Viet
nam war point to the same conclusion.” In 277 casualties
who were killed in action by hemorrhage from artezt
wounds, no less than 38 per cent had a site at whicl
hemorrhage could have been controlled at least tempe:
rarily by simple first aid measures. y
When evacuation is delayed, many of the casualies
succumb to hemorrhage from arterial injuries which 2%




. The Causes of Death in Conventional Land Warfare

' not immediately fatal. These deaths may be preventable,
This impression is confirmed by an additional study from
' the Vietnam war.” In a series of 224 casualties with arterial
wounds who survived to reach medical treatment facili-
ties, no less than 87 per cent were bleeding from sites
easily accessible to control by first aid measures. If military
antishock trousers (MAST) were available for use by the
medic in the field, the potential for salvage would be even
“greater, since about one-third of the casualties with ab-
dominal wounds calculated to die during the first day
after wounding {20 of 61) have wounds in the lower half
of the abdomen. Bleeding from sites in the pelvis and
lower abdomen should. be susceptible to tamponade by
- MAST. :

The suggestion that a potential exists to increase the
salvage of combat casualties who otherwise would be
listed as killed in action is not original. Maughon® appre-
ciated that there was a considerable potential for increased

--salvage of combat casualties on the Vietnam battlefield
and made a plea to that effect some 12 years ago. More
recently, Rocko et al'® have come to a similar conclusion
regarding civilian trauma victims. They have made the
important observation that, in respect to control of arterial
" hemorrhage, the recommended first aid practice is inad-
equate. What is important about a “pressure dressing” is
not the dressing per se, but the pressure. A big bulky
dressing by itself will not stop bleeding. Of course, the
majority of combat casualties have wounds of such se-
verity that nothing short of immediate operative interven-

' “ton offers any chance of survival. Furthermore, simply

controlling hemorrhage may be insufficient to achieve
- short-term survival in a catsalty who has lost 5060 per
cent of his blood volume. Nevertheless, without control
of hemorrhage, other aspects of resuscitation are iikely to
" prove futile.
" It is not unrealistic to hope that intensive resuscitation
in the field might save 25-30 of the casualties listed in
_Table V as being killed in action due to hemorrhage.
.Furthermore, attention to other aspects of the American
College of Surgeons’ advanced trauma life support pro-
gram—intubation of casualties with craniocerebral
trauma, evacuation of tension ‘pneumothoraces, etc.—
-might double the salvage, so that the percentage dying
prior fo evacuation would fall from 26 per cent to 22 or
© even 20 per cent. The goal should be to do everything
hecessary to keep the casualty alive until he can be
evacuated to the next treatment echelon, Paradoxically,
success in this endeavor might increase the number of
--Casuallies who die of wounds—more moribund casualties

| will reach medical treatment- facilties alive. Conversely,

intensive resuscitation ‘might improve the status of so
- Inany casualties that the overall incidence of life-threaten-
- Ing postinjury sequelae is reduced. .

Discussion

.-.The majority of combat deaths occur on the battlefield
 before evacuation to medical treatment facilities occurs,
For every casualty who dies of wounds in a medical
freatment facility, as ‘many as nine have already died.
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Given optimal circumstances, such as in Vietnam, neither
the application of sophisticated technologies designed to
improve survival of traumatized patients in surgical inten-
sive care wards or operating rooms, nor greater success in
managing the common causes of postoperative death—
sepsis and multiple organ failure—will have a significant
impact on improving combat casualty care.

To bring about a significant improvement in the salvage
of casualties given optimal circamstances such as in Viet-
nam, or to prevent a drastic deterioration in care given a
tactical situation in which evacuation is seriously
hindered, there must be a renewed emphasis on field
medical care in combat casualty care. The appropriately
trained combat medic and battalion surgeon should be
able to assume a position of importance equal to that of
the combat surgeon.,

There are several areas in which combat casualty care
research can and should make a contribution toward
improving forward resuscitation. First and foremost, there
is aneed to improve the field management of hemorrhage.
The combination of simple first aid measures plus infusion
of an oxygen-carrying solution and/or use of pharmaco-
logic interventions designed to optimize cardiac output
(antishock drugs) might be life saving in a surprisingly
large number of casualties. The Army is sponsoting or is
conducting research designed to meet some of these
needs, but much remains to be done, such as finding a
simple and rapid means of gaining access to the circulation
of the casualty in shock. Although seemingly mundane,
the practical consequences of having assured intravenous
access on the battlefield cannot be exaggerated.

Second, because craniocerebral trauma is the most im-
portant cause of mortality in the definitive care setting,
there is a need to determine whether or not the salvage
among these casualties can (or perhaps should) be im-
proved. Much more needs to be known about the path-
ophysiology of head injuries.

Third, not only is there a need to improve the manage-
ment of sepsis in the combat support hospital setting, but
there is a need to know whether or not the appalling toll
taken by sepsis whenever definitive care is delayed can
be ameliorated by steps that are within the capability of
those rendering treatment on the battlefield. Is there a
justification for the medic to administer antibiotics to the

~wounded soldier on the battlefield? Similarly, what is the

natural course of untreated soft-tissue wounds? Do all
such wounds need extensive surgical debridement or can
lesser but equally effective measures be substituted?
Finally, there is a need to keep an open mind toward
unorthodox and even outlandishly futuristic proposals for
combat casualty care. It has been suggested that the best
way to handle seriously wounded casualties would be to
immediately place them in-a rocket which would accel-
erate to 99.9 per cent of the speed of light.!® The casualties
would return to Earth only after conditions become more
civilized. Even though this might take years, the casual-
ties” conditions would not worsen because relativistic
effects would ensure that the elapsed time measured by
a clock in the rocket would be only a few seconds.
Although no doubt meant to be taken farcically, this
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scenario really shows a brilliant insight into what needs
to be done when the casualty cannot be evacuated. We
need to be able to slow the casualty’s biological clock. We
need to be able to decrease the casualty’s metabolic rate
to a tiny fraction of normal without damaging organs and
constituent cells. Cardiopulmonary function could then
be suspended until it became possible to institute defini-
tive treatment. Is it foolish to expect that practitioners of
combat casualty care in the 21st century will employ
techniques for inducing a state of suspended animation?

Summary

This paper attempts to identify areas of combat casualty
care in which research may decrease the mortality of
conventional land warfare. The analysis was carried out
by constructing a hypothetical population of combat cas-
ualties from existing casualty statistics. Clinical judgment

. _was used to decide mortality as a function of time after

wounding, assuming either treatment was not given or
treatment was given after a delay corresponding to the
time required to evacuate the casualty from the battlefield
to a treatment facility capable of providing definitive care,

Two evacuation scenatios are of special interest: rapid
{~one hour) and delayed (~one day). The analysis pre-
dicts that 195 of 1,000 casualties will die before rapid
evacuation has been completed, and 16 additional cas-
ualties will subsequently die of their wounds, Given de-
layed evacuation, 318 of 1,000 casualties will die before
evacuation has been completed, and 55 additional cas-
ualties will die of wounds.

Exsanguination causes about 50 per cent of all deaths.
Trauma to the central nervous system causes about one-
third of all deaths. Sepsis/multiple organ failure causes
less than 10 per cent of all deaths. For there to be a
significant improvement in the results of combat casualty
care, there must be a renewed emphasis on field medical
care, with special attention to the management of hem-
orrhage on the battlefield. ' :

The Causes of Death in Conventionat Land Warfare
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