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ABSTRACT 

This report presents information on the actual usage of blood 

and blood volume expanders in US Military hospitals in Vietnam. 

It is necessary to have a method of estimating blood and fluid re¬ 

quirements for the resuscitation of combat and disaster casualties 

based on modern surgical practices and experience. The practical 

"rule-of-thumb" has been the amounts actually used in the most recent 

combat situation. The amount of blood and the amount, types, and 

proportions of fluids given to each patient are influenced by what 

is available, the training and philosophy of the surgeon responsible 

for the individual patient, and the extent of current surgical know¬ 

ledge. Therefore what was given is not necessarily what should be 

given, but nevertheless is the most practical guide. In the Vietnam 

conflict, because of the superb, prompt rescue, and immediate resus¬ 
citation and transport of the injured, a higher percentage of patients 

with very severe injuries reached the hospitals alive, with an ex¬ 
ceedingly high survival rate. Therefore, the Vietnam experience 
should serve to update the whole blood and fluid requirements for re¬ 

suscitation under conditions in which severely injured individuals 

arrive at the hospital alive. It is recognized that concepts of 
fluid and colloid therapy are at present in a state of flux, but if 
some indication of their usage rate in U.S. military medical facilities 

In Vietnam can be determined, this can be useful for current planning 

purposes. If the amount of whole blood and amounts and types of fluids 

used per casualty are known, some prediction for future needs can be 

made. If the patients can be categorized according to wounding agent, 

and there is shown to be a significant difference in resulting fluid 
and blood requirements, these predictions can also be modified accord¬ 

ing to the predominant types of wounding agents. The Vietnam experience 

represents a situation in which abundant fresh whole blood was immediately 
available to all patients. Therefore, especially in the U.S. Army hospitals, 

it probably represents the maximum ratio of whole blood to blood volume 

expanders in the management of the types of casualties encountered. 
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Use of Whole Blood and Blood Volume Expanders in 
US Military Medical Facilities In Vietnam 1966-1971 

It is necessary to have a method of estimating blood and fluid 

requirements for the resuscitation of combat and disaster casualties 

based on modern surgical practices and experience. The practical 

"rule-of-thumb" has been the amounts actually used in the most recent 

combat situation. The amount of blood and the amount, types, and 

proportions of fluids given to each patient are influenced by what 

is available, the training and philosophy of the surgeon responsible 

for the individual patient, and che extent of current surgical know¬ 

ledge. Therefore what was given is not necessarily what should be 

given, but nevertheless is the most practical guide. 

By the end of WW II, the requirement of whole blood per hospita- 

liz. d casualty (based on the amounts used) was 1.5 units.In the 

Korean conflict, blood usage was 1½ to 2 units pe»- each hospitalized 

casualty.The "unit" in U.S. military use during and since WW II 

has always contained about 500 cc of blood.The amounts and types 

of anticoagulant solution changed between early WW II and subsequent 

times. For instance, ACD solution was not used by the U.S. military 

until April 1945,*^ and never was used in the Mediterranean Theatre 

in WW II.ACD was initially used in a larger volume (100 cc) than 

subsequently.In the beginning of WW II, blood was drawn in 1000 cc 

bottles,but by 1945, 600 cc bottles were used.Containers of 

500 cc capacity were used in Korea (bottles) and in Vietnam (plastic 

bags). 
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In the Vietnam conflict, because of the superb, prompt rescue, 

and immediate resuscitation and transport of the injured, a higher 

percentage of patients with very severe injuries reached the hospitals 

alive, with an exceedingly high survival rate. Therefore, the Vietnam 

experience should serve to update the whole blood and fluid requirements 

for resuscitation under conditions in which severely injured individuals 

arrive at the hospital alive. 

It is recognized that concepts of fluid and colloid therapy are at 

present in a state of flux, but if some indication of their usage rate 

in U.S. military medical facilities in Vietnam can be determined, this 

can be useful for current planning purposes. If the amount of whole 

blood and amounts and types of fluids used per casualty are known, 

some prediction for future needs can be made. If the patients can be 

categorized according to wounding agent, and there is shown to be a 

significant difference in resulting fluid and blood requirements, these 

predictions can also be modified according to the predominant types of 

wounding agents. 

To be used for this purpose, records have to include all casualties, 

without selection, rather than to be from a study done on selected cases, 

especially if the criterion for selection was inconstant. There are 

three presently available sources of such information for blood, and 

two for fluids. None of these sources was planned for this purpose, 

so each has some needed information lacking. 
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In comparing the blood and fluid usage rates listed in this 

report with data from other sources, it is ■'mportant to note that 

in this report, the term "hospitalized casualty" refers only to 

trauma cases. Unlike some other sources of military medical 

statistics, the many admissions for disease although indicated in 

Table 1, are not included in the computations. It is felt that 

this more precise definition is more useful for military surgical 

planning purposes. It is also important to note that ratios of 

blood or fluid use "per hospitalized casualty" are less clinically 

meaningful than ratios "per patient transfused or infused," This 

is because the criteria for hospital admission vary depending on 

the medical evacuation policies. In Vietnam, often a helicopter 

would pick up all of the casualties in a given area and take them 

all directly to the treatment facility required by the most seriously 

injured. This resulted in "hospital admission" of some of the less 

seriously injured who in other combat situations would have been 

treated in battalion aid stations, clearing companies, etc., and 

would not have been classified as "hospital admissions." 

I, Blood Usage as Determined from USARV Central Blood Bank Reports* 

The first source is the USARV Central Blood Bank Reports, which 

were sent to the Department of Defense Military Blood Program Agency. 

*The statistics in this section were compiled by Cpt Leon P. Ëisman, 

MSC, USN, Deputy Director, Military Blood Program Office. 

I 
3 •-'•r- •• “■ 



U
s
e
 
o
f
 
W
h
o
l
e
 
B
l
o
o
d
 
i
n
 
U
S
 
M
i
l
i
t
a
r
y
 
H
o
s
p
i
t
a
l
s
 
i
n
 
V
i
e
t
n
a
m
 
- 

1
9
f
7
-
1
9
7
1
 

U
n
i
t
s
/
H
o
s
p
i
t
a
l
i
z
e
s
 

C
a
s
u
a
l
t
y
*
 

(A
ll
 
c
a
s
u
a
l
t
i
e
s
 

i
n
c
l
u
d
i
n
g
 
n
o
n
-
U
S
)
 

(f
 
♦ 

e)
 

ir 
•H 

r—■ 

tr 
a 
r—■ 

oc 
r— 

CN 

— 

a 
< 
c 

3 C 
t a 
• 

r- 

} Os 
D Os 
• • 
4 r-4 

1 

at 

pasnjsuejx * 
5uaT3Hd aaj S3iun ^ 

h 

5
.
0
 

-
-

 

4
.
3
4
 

O' in 
NÍ 

r— 

rr 

r* 
r— 

•4 

i 

m 
• 

<r 

(Sil-uoN 
pue sa|3xBnsP3-uoM 

Suxpnxoui) pasnjsueax, 
pa^aoday sjuax^ej 

8 

1
9
,
9
9
6
 

3
9
,
1
5
4
 

3
4
.
4
9
9
 r- 

O 
m 
o 
m 

—
1—

I 
8
.
6
5
0
 

—
■-

\ 

1
3
2
.
6
0
6
 

¡ 

(sn-u°N PUB 
sax3XBnse3-uoN gu^pnio „ 

-ui ‘sîuanBd XIV) 
pasnjsueax pa^aoday 

pooxa jo S3iun 

L 

9
9
.
9
5
0
 

1
6
9
,
9
5
3
 

-
-
-
—

 

1
5
8
,
6
3
2
 

1
1
2
,
7
2
4
 

3
6
,
0
8
1
 

5
7
7
.
3
4
0
 

I
n
i
t
i
a
l
 
A
d
m
i
s
s
i
o
n
s
 

C
a
s
u
a
l
t
i
e
s
 

T
o
t
a
l
 O' 

V iT) 
• 

sO 

9
6
8
‘
9
8
 7

2
,
4
6
2
 o 

r—4 

ir. 

2
0
.
0
4
5
 

CM 

m 
« 

Os 
oo 
CM 

02 

A
l
l
 

/4 

3
8
,
7
8
5
 

6
7
,
0
4
6
 

r-4 
H 

C4 
m 

1 
2
7
,
7
9
1
 

sO 

r^ 
r-4 
m 

cn 
os 
r^ 

X c 

3
3
.
1
6
8
 

<r 

rH 
r 
o 
<r 

o 
01 

ro 

m 
m 
o 

«N 
so 
r-4 

4
.
6
8
9
 

1
2
8
,
4
5
9
 

[ 
N

B
I

 

A
l
l
 

h
 

1 
2
5
,
7
9
4
 

1
9
,
8
5
0
 

2
0
,
3
1
6
 

1
7
.
6
1
9
 

! 

1
2
,
2
9
9
 

9
5
,
8
7
8
 

NAH ‘sxBnidsoH sn IIV „ 

‘sasneo xxv ‘suoisspupv 
IBT3ÏU1 X B3°X 1

8
0
.
1
7
5
 

1
4
8
,
5
8
7
 

1
4
0
,
5
9
5
 

1
1
0
,
6
3
4
 

9
8
,
0
1
9
 

1 
T
o
t
a
l
 

6
7
8
,
0
1
0
 

i 

Y
e
a
r
 

1
9
6
7
 

1
9
6
8
 

1
9
6
9
 

o 

OS 
r-4 1

9
7
1
 

■i
-

 

0> 
D 

r-l 

(0 
> 

e 
e 

to 
</) 

o 
(0 

to 
p 
to 
o 

c 
0» 
> •H 
00 

to 
• 

T> CO 
0) 0» 
to «H 
D 4J 

r-4 

TJ fO 
O D 
O 0) 
—* CO 

o 
« c 
XT O 
4J C 
VM U 
o o 

r-l "O 

to 4> 
to 

4J a 
to 
X ¢2 
U 0) 

0) 
= X (0 
0’ QJ 
'i > 
J to 
to X 
to 
to TJ 
ï r-4 

c o 
o u 
•H 
4J CD 

* e 
O 

? CO 
o 

r-4 5», 
(0 r—4 
U t-H 

CO 
to 0 
T* V 
X O 
H < 

00 
sO 
CN 

I 
00 

o 
U-. 

o 
Q. 
<¡> 
OS 

JO 
(-C 

k in 
<4-1 4-1 

k ■O O 
w a 

•-4 <u 
•H Î-, 
a 
F ‘i 
o 
o 
.g 
« *-4 
(J r-4 
f-l O 

o a> 
jc 

<n 4-1 

c e o 5 
4) k 
00 <4-1 
k 
3 TÎ 
CO « 

r-< 
> *r4 
os a 
< e 
en o 
ÍJ u 

-O T3 

-o TJ 
C C 
at n> 

in 
o 
u 
k 
3 
O 
to 

4 

U
S
A
F
 
B
i
o
m
e
t
r
i
c
s
 
D
i
v
 
(
S
G
H
B
)
:
 
R
e
p
o
r
t
 
o
f
 
p
a
t
i
e
n
t
s
 

U
S
N
,
 
B
U
M
E
D
 
(
N
M
D
S
C
-
4
0
)
:
 
I
n
p
a
t
i
e
n
t
 
S
t
a
t
i
s
t
i
c
a
l
 
R
e
p
o
r
t
i
n
g
 
S
y
s
t
e
m
 

U
S
A
,
 
0
T
S
G
 
B
i
o
s
t
a
t
i
s
t
i
c
a
l
 
A
n
a
l
y
s
i
s
 
B
r
a
n
c
h
:
 

B
e
d
 
a
n
d
 
p
a
t
i
e
n
t
 
r
e
p
o
r
t
s
 
(
R
C
S
 
M
E
D
-
7
9
)
 

(
f
)
 
a
n
d
 
(
g
)
 

U
S
A
R
V
 
C
e
n
t
r
a
l
 
B
l
o
o
d
 
B
a
n
k
 
M
o
n
t
h
l
y
 
R
e
p
o
r
t
s
 



These reports include a listing of the number of transfusions 

given per month as obtained from reports sent from the hospitals 

to the blood bank. Often all of the reports were not available 

when the compilation was made. Some of the reports from individual 

hospitals never were received. However, over a period of time, the 

errors and omissions can be considered to balance out. The reports 

sent to the Military Blood Program Agency did not categorize the 

recipients, wha would include all patients receiving the blood for 

any reason. It can be assumed that most of the transfusions were 

for trauma cases, because little major elective surgery was done in 

the U.S. military hospitals, and relatively few of the non-surglcal 

cases required transfusions. The amounts of blood given to non-U.S. 

casualties would not necessarily be the same as those given to U.S. 

casualties because of differences in normal blood volume (body size). 

However, there is considerable overlap, and since more precise cate¬ 

gorization of the recipients is not available, all were grouped 

together in the estimations of amounts of blood used per hospitalized 

casualty and per patient transfused. 

In the Vietnam situation, it was often difficult to decide whether 

an injury was the result of hostile action (IRHA) or "non-battle 

injury" (NBI), and in any combat situation blood may be required for 

the treatment of NBI resulting from causes such as aircraft and 

vehicular accidents. Therefore, both IRHA and NBI are included in 

the analysis of blood utilization. 

5 



As seen in Table I, subject to the limitations discussed above, 

in 1967 through 1971, the average yearly whole blood usage ranged 

from 3.7 to 5.0 units per patient transfused, and 1.5 to 2.5 units 

per hospitalized casualty. The total average blood usage for this 

time was about 2.0 units per hospitalized casualty and 4.3 units per 

patient transfused. From 1967 through 1971, total trauma admissions 

(casualties) were 289,392, and the total number of patients reported 

transfused was 132,606. Assuming that most of the transfusions were 

for trauma cases, this would indicate that about 464 of hospitalized 

casualties required transfusion. These records do not include any 

information on fluids other than blood, with the exception of the 

following data on plasma: 

The use of plasma was first mentioned in the monthly reports 

of the U.S. Army, v’ietnam Central Blood Bank (CBB), in November 1966 

when 19 units of "plasma" were reported administered to a burn 

patient. The December 1966 report indicated that 3 units of "plasma" 

were administered to a burn patient. Ko further mention of plasma 

was made in the CBB monthly reports until October 1968, when 192 

units of fresh frozen plasma were recorded as having been available 

for the month. Fresh frozen plasma was provided initially by the 

406th Army Medical Laboratory, Camp Zama, Japan. Fresh frozen plasma 

was sent to Vietnam from Continental United States between August 1970 

and September 1971, and thereafter was again supplied solely by the 

406th Medical Laboratory. 

6 



The fresh frozen plasma (FFP) was used primarily as a coagulation 

defect prophylaxis (and treatment) administered to patients who had 

received very massive transfusions. From October 1968 to December 

1972, 5,965 units of fresh frozen plasma were reported to have been 

administered. During the same time, 1,026,835 units of whole blood 

were reported transfused, this representing a ratio of 1 unit of 

FFP per 172 units of blood. Details of the exact indications for 

its use in given circumstances are not available, and it appears 

from some reports that administration was at least sometimes empirical. 

Therefore this proportion probably represents a maximum va.ue for 

planning purposes. However, because of the paucity of detai’ed data, 

it has less value as a "planning factor" figure than the data for 

whole blood use. 

As early as February 1965, group specific blood transfusions were 

used in multiple casualty situations in Vietnam, from blood drawn 

locally. According to Kiel^9^ prior to April 1965, only "0" blood 

was sent from Japan to Vietnam. It was soon realized that this 

permitted utilization of only 457. of the potential donor population, 

and that all blood was administered in hospitals, where cross-matching 

was feasible. By the end of 1965, most of the blood used in U.S, 

military hospitals in Vietnam came from Japan, and comprised all 

four blood groups. 

7 
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Supplementary blood supply from Continental United States (CONUS) 

was started through the Department ot Defense Military Blood Program 

Agency in July 196b. According to the Military Blood Program Agency's 

records, initially, only Group 0 blood was requested. In January 

1967, Grour d blood was also requested and supplied. In September 

1967, Groups U, B, and A began to be requested and furnished from 

CONUS. After Way, 1969, all four of the major blood groups were 

requested and supplied from CONUS, in specified proportions. As 

seen in (able II, the maximum percentage of universal donor trans¬ 

fusions reported per month was 467. (November 1969). There was a 

much higher "univrrsal donor" transfusion rate for 1969 than in any 

other year reporte< . The data from September 1967 through December 

1971 represents information from all hospitals furnished U.S. military 

blood, which included some non-US, Allied facilities. In 1972, when 

for the first time the reports enabled separate listing of US military 

hospitals, only 1.37. of the reported transfusions in U.S. hospitals 

were listed as "universal donor" type. From September 1967 to December 

1971, 528,858 units were reported transfused, and 103,372 units (19,57.) 

were reported used as "universal" transfusions. However, only in 1969 

did the reported monthly "universal donor" transfusion rate exceed 187.. 

According to various laboratory officers (personal discussion), 

at least after 1967, in the major Army and Navy medical facilities in 

Vietnam, the initial stages of the cross-match were completed about 

10 to 20 minutes after the sample was drawn, permitting group specific 

transfusion to be started if the patient required it immediately. 

8 
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Complete compatabíllty testing was done on most of the blood used 

in U.S. military hospitals in Vietnam, particularly in the larger 

medical facilities to which most of the seriously Injured were 

t lown directly. It is of interest to note that even in World War II, 

according to Beecher "except in serious emergencies, all blood given 

to wounded men was grouped and cross-matched ... Although this was 

not always easy under combat conditions, it was seldom impossible."OO) 

The use of group 0 positive "universal donor" (low anti-A and anti-B 

tite*-) blood was found to occasionally cause hemolytic transfusion 

reactions upon subsequent transfusions of group specific blood. 

11 • Information from Walter Reed Army Institute of Research (WRAIR) 

"Wound Checklist" Data" 

The Division of Biometrics and Medical Information Processing 

of the Department of Data Processing, WRAIR, has data collected for 

another purpose (General Hardaway's wound checklist) on 17,726 

casualties treated in U.S. Army hospitals throughout South Vietnam 

from late 1967 through part of 1969. The data are from information 

sheets intended to be completed on "every injury case admitted to 

the hospital whether or not it was a combat casualty." (The com¬ 

pleteness of this coverage actually achieved is not included in the 

available data; however, initial admissions of U.S. Army personnel 

rThe assistance of LTC Michael Hannegan, MC, Deputy Director, Division 

of Biometrics and Medical Information Processing, Walter Reed Army 

Institute of Research and his staff is gratefully acknowledged. 

10 



With "battle injuries" totalled 18,779 in 1967, 26,575 in 1968, and 

22,442 in 196Ç (Beds and Patients Report, OTSC-A). Although the form 

used was changed sometime during the study, the last one was WRAMC 

Form 883 dated 1 January 1966 (issue discontinued in 1970). A copy 

of this form (Figure 1) indicates some of the limitations in the data. 

Wounds sources included only "small arms," "mortar fragment," "mine," 

"classified," "burn," and "ether." This would require decisions con¬ 

cerning how to list items such as grenade injuries, including the 

commonly encountered rifle propelled grenade, which might be grouped 

with "small arms" or "other," and shell fragments from rockets, which 

might have been placed under "mortar" or "other." The data as received 

from Walter Reed Army Institute of Research now includes the categories 

"punji stick," "other native weapon," and "not indicated." It is not 

known whether this represents "write-ins" or use of a different form. 

Another problem ir. that the maximum amount of blood given is 

listed as "51 or more units," and the plasma volume expanders as 

11 or more units." Therefore, the actual maximum amounts of blood 

or fluids given are unknown. 

There is no provision for listing the amount of fluid if more 

than one type was given. A notation after "quantity" states "if more 

than one, only major will be recorded." There are two sources of 

confusion in this statement. First, it may be construed to apply also 

to the listing of types of "blood substitutes" which immediately pre¬ 

cedes the "quantity" notation, and only one of these may be checked 

off even though more than one kind was given. Secondly, the definition 

11 
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of ’’major" is not given. Is it the one with the greatest physiological 

effect, or is i*’ the one administered in greatest volume? If just one 

unit of two different plasma expanders was given, which would be listed? 

In most instance?, more non-colloid fluids (c.g., Lactated H.nger's 

solution) are given than the colloids, even when colloids are employed. 

Therefore, it is possible that these data will omit at least some 

instances in which dextran, Plasmanate, or human serum albumin were 

used. Lactated Ringer's Is not listed by name, although there is a 

space for "saline” and for "other." 

According to instructions issued by the USARV surgical consultant 

(LTC G. W. Fisher) in March 1966/12^ the "checklist" was to be 

"filled out at the time of final USARV disposition of the patient, 

i.e., duty, transfer out of country or death" and were not to be 

filled out for transfers in-country, to avoid duplication. Therefore 

although in most cases the fluids and blood given represent the initial 

resuscitation and surgery, theoretically post-operative fluids and 

blood would also be inctuded. 

a. Use of Wncle Blood 

Of the 17,726 casualties, 2774 (15.77„) received some whole 

blood. The quantities were grouped rather than recorded individually, 

so the actual amount per casualty is not known. The distribution of the 

amounts (units) of blood received by the 2774 casualties who were 

transfused was as follows: 

IS 



Number of Units Number of Casualties 

1 224 

2-5 1597 

6-10 569 

11-25 2*8 

26-50 81 

51+ 25 

Total 2774 

The actual maximum given to a patient in this series is not recorded. 

If the amount given is assumed to he the upper limit of each range, and 

1 and 51 is accepted as the amount for their respective groups, maximum 

average utiMzation of 1.5 units per hospitalized casualty, and 9.43 

units per patient transfused can be estimated. Similarly using the 

lower limits of each range, a minimum of .75 units per hospitalized 

casualty and 4.78 units per patient transfused is estimated. 

An average utilization can be estimated by assuming the amount 

given to be the mid-point of each group, with 1 and 51 accepted as the 

amount for their respective groups. This indicates an estimated total 

of 19,721 units of whole blood administered to 2774 patients. This 

would be 1.11 units per hospitalized casualty, or 7.11 units per patient 

transfused. 

b. Use of Plasma Expanders 

Of the 17,726 casualties, 4311 (24.3%) received some platina 

expander (including Ringer's lactate and saline). The distribution 

of amounts (units) of plasma expanders received by the patients 

infused was as follows: 



Number of Units Number of Casualties 

1050 

2-5 2427 

6-10 357 

11 or more 176 

Quantity not 
Indicated 301 

Total 4311 

The "unit" is a different volume depending on the expander used; 

for instance, a "unit" of Ringer's lactate is 1000 ml, whereas a 

"unit" of 25% human serum albumin is 100 ml. In the tabulation of 

plasma expanders, the concentration of serum albumin (25% or 5%) 

was not given. However, supply records indicate that little if any 

57, serum albumin was sent to Vietnam for US military use. 

Using calculations similar to those employed for the whole 

blood, the maximum total amount of plasma expander used is estimated 

as 18,992 units if the 301 "not indicated" are considered one unit 

each. There was a maximum of about 3.93 units of colloid or fluid 

used per patient receiving fluid if the 301 with "amount not stated" 

are omitted. If the "amount not stated" is arbitrarily listed as "1" 

the "maximum" would be estimated as an average of 3.99 units per 

patient receiving fluid. In calculations involving plasma expanders 

(including saline and lactate), since the maximum number of units 

listed was 11, this is used at the upper limit per patient. 

17 



The minim,'ni average amount of plasma expander used per patient infused 

was 2.10 units if those with the amount not stated are omitted, and 

2.16 if those with the amount not stated is arbitrarily listed as 1. 

To estimate the average amount of plasma expanders used, the amount 

given is assumed to be the mid-point of the grouping, (with 1 and 11 

accepted as the amounts for their respective groups), multiplied by 

the number of patients in each group. The 301 instances in which 

quantity was not indicated were distributed among the groups acccrding 

to the proportions of recorded units in the groups. This yields an 

estimated total of 15,412 units of plasma expander given to 4311 

patients. This would be an estimated average of 1.15 units per 

hospitalized casualty, or 3.57 units per patient receiving the fluids. 

Distribution of specific fluids is shown in Table III. 

(1) Dextran; 83 (0.47¾) of the 17,726 casualties hospitalized 

received some dextran. The amount of dextran received per casualty 

is not actually listed, and can be derived only by estimations. Using 

the maximum amounts and assuming that all the plasma expander used was 

dextran, the amount given would be not more than 6.02 units per 

casualty receiving dextran, or not more than .03 units per hospitalized 

casualty. For this estimation, the maximum possible to have been given 

is assumed to be 11 units. It is surprising that at least 28 of these 

patients (i.e., more than 25% of them) received more than 5 units of 

dextran. This may be related to the fact that there were 22 vascular 

repairs in this group, a much higher proportion than in any of the other 

groups. 
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(2) Plasmanatei 27 (.157o) of the 17,726 casualties received 

some plasmanate. The maximum average amount per patient receiving 

plasmanate (based on all expanders given, to a maximum of 11 units/ 

patient) vras /.04 units. This would be .01 units per hospitalized 

casualty. This group included 13 burn patients, a much higher pro¬ 

portion than any of the other groups. 

(3) Albumin: 28 patients (.16% of all hospitalized casualties) 

received some quantity of albumin. As noted above, the relative 

amounts of 57. and 257. albumin are not in the data as compiled but it 

was probably all 257. albumin. Using the same methods for estimation, 

the maximum average amount per patient receiving a plasma expander 

would have been 7.68 units, or .01 units per hospitalized casualty. 

This group included 7 burn patients. It is interesting to note that 

at least 18 patients received more than 5 units of serum albumin, 

including at least 10 receiving "11 or more units." 

Saline; 417 patients (2.367. of all the hospitalized 

casualties) received some quantity of saline. This is an estimated 

maximum average of 5.47 units/patient receiving fluid or .13 units 

per hospitalized casualty. 

(5) Ringer's Lactate: 3879 patients (21.887. of the hospita¬ 

lized casualties) received some lactated Ringer's solution. This is 

an estimated maximum average of 4.38 units per patient receiving the 

fluid, or .96 units per hospitalized casualty. 

20 



(6) Other Fluids: Fluids other than those listed above 

were given to 235 patients (1.337o of the hospitalised casualties). 

The identification of these "other" fluids is not available. This 

was an estimated maximum of 6.52 units per patient receiving the 

fluids, or .09 units per hospitalized casualty. In 91 patients, 

the type of fluid given was unknown in the original data. This was 

.51 of those receiving fluids, with an estimated maximum of 5.29 

units per patient: receiving it (or 0.03 units per hospitalized 

casualty). 

In summary, as seen in Table III, Ringer's lactate was reported 

used far more often than any of the other volume expanders. In the 

group listed, 3879 patients received Lactated Ringer's solution, 

417 received saline solution, and 140 received some colloid, of 

which about four times more dextran was used than either Plasmanate 

or serum albumin. The colloid use therefore was about .03 of the 

total fluid requirement for initial resuscitation. 

c• Blood and fluid use in management of wounds from specific 

weapons (Table IV and Table V) 

The 17,726 individuals had 18,053 etiological agents listed 

(including 632 with source not indicated) so there was an overlap 

of 327 indicating Injury from more than one cause per patient. 

Other studies^13) have indicated that in the Vietnam conflict even 

a single wounding agent is not always correctly identified, even 

when a special attempt is made in this regard. In instances of 

multiple causes the nuiber listed is influenced both by identification 
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TABLE IV 

Relationship of 

Total number of 
casualties 

Blood (Number 
of Units) 

1 

2-5 

6-10 

11-25 

26-50 

51 and over 

Total 

Fluids (Number 
of Units) 

1 

2-5 

6-10 

1 Id- 

Quantity not 
Indicated 

Total 

Wound Etiology to Blood and Fluid Utilisation 

Number of Casualties 

Small Arms Mortar Mine Burns 

4565 6631 1854 455 

76 

611 

210 

109 

29 

9 

90 

552 

188 

66 

21 

5 

31 

191 

S3 

59 

18 

7 

1 

5 

2 

1 

1 

0 

1035 (237=) 

413 

853 

122 

52 

98 

9 2 2 (147=) 

372 

824 

111 

50 

105 

389 (377,) 

82 

253 

47 

34 

37 

10 

10 

55 

23 

13 

16 

1538(33.77.) 146 2 ( 227,) 453 ( 24.47,) 117 
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and by the decisions of the person recording the data. There is 

also a problem in interpretation since items such as grenades are 

not separately listed, although they were a common cause of injury 

in Vietnam. An additional limitation to the data is the grouping 

into the categories "small arms," "mortar" and "mine." The "mortar" 

group probably includes all high explosive shells and rockets. The 

"mine" group may include in addition to the classical contact explo¬ 

sive device, numerous "booby trap" uses of other munitions w1 ich 

have different wounding effects. It can be assumed that "small arms" 

injury was usually interpreted to mean bullet wounds, and "mortar" 

injury can be assumed to be shell fragment wounds whether from rocket 

or artillery rounds. However, because of individuals involved in 

recording the data, the number of cases, and the number of medical 

facilities involved, these figures can probably be considered to be 

a reasonable representation. Distribution of wounding agents was 

as follows: 

Small arms 4565 

Mortar 6631 

Mine 1854 

Punji stick 139 

Other Native weapon 195 

(1) Small Arms: The 4565 "small arms" patients used an 

estimated maximum of 9865 units of whole blood (estimated total 

74]8) and 6470 units of fluids. This would be a maximum average 



of 2.16 units of whole blood per small arms casualty and 1.42 units 

of fluid per small arms casualty. Estimated average (Table IV) is 

1.6 units of whole blood per casualty, or 7.2 units per patient 

transfused. The distribution was as shown in Table III. 

(2) Mortar: The 6631 "mortar" patients received a maximum 

of about 7685 units of whole blood and 6152 units of fluids. Dis¬ 

tribution was as shown in Table III. This would be an average 

maximum of 1.16 units of blood per mortar casualty, and .93 units 

of fluids. The estimated averages, as shown in Table IV, are 0.9 

units of blood per hospitalized casualty, and 6.3 units per patient 

transfused. 

(3) Mine: The 1854 "mine" patients received an estimated 

maximum of 3738 units of whole blood and 2444 units of fluids. This 

would be 2.02 units of whole blood and 1.32 units of fluids per mine 

casualty. The estimated average (Table V) is 1.9 units of whole 

blood per hospitalized casualty, and 8.9 units of blood per patient 

transfused. Similarly, the estimated average fluid use was 1.0 units 

per casualty, and 4.1 units per casualty given fluids. The distribu¬ 

tion was as shown in Table IV. 

(4) Burns: The 455 burn patients included 70 with other 

types of wounds. All 70 were identified, and grouped as follows: 

Small arms 3 

Mortar 21 

Mine 17 

Punji stick 0 
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Other Native weapons 0 

Classified 1 

Other 26 

Of the 455 patients, 10 received whole blood. In the form in 

which the data are available, the amount of blood given is not 

differentiated between those with associated injuries and those 

without. Oistribution of various amounts of fluids and whole 

blood given to the 10 burn patients, is shown in Table III. The 

fluids administered were grouped as follows: 

Dextran 

Plasmanate 

Human Serum Albumin 

Saline 

Lactated Ringer's 

Other 

- 3 patients 

- 13 patients 

- 7 patients 

- 12 patients 

-100 patients 

- 11 patients 

Fluids given but 
type not specified - 3 patients 

Total 149 

It is unknown how many of the patients received more than one of the 

fluids listed above. The distribution of all of these fluids 

administered to the burn patients is shown in Table IV. 

This would appear to indicate that 117 patients of the total of 455 

burn patients received some intravenous fluid. Since 100 patients 

are listed as receiving lactated Ringer's solution, which is now 

the fluid commonly used in burn resuscitation, it must be assumed 

that at least 338 patients had minor burns. The other alternative 
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is that the fluid records are faulty, even though one recognized that 

serious burns were rapidly evacuated out of the country. Details of 

this study indicate that 233 of the patients were hospitalized in 

Vietnam less than 6 days, and 279 evacuated at some time post injury. 

Summary of WRAIR Data 

In summary, these data indicate that the average amount of whole 

blood used per hospitalized casualty was between .75 and 1.5 units 

(estimated average 1.11) and the average amount of whole blood used 

per patient transfused was between 4.9 and 9.8 units (estimated 

average 7.11). 

The average amount of volume expander other than whole blood 

was between .57 and 1.5 units per hospitalized casualty (estimated 

average 1.15) units and was between 2.1 and 3.8 units per patient 

given fluids, (estimated average 3.57). 

It must be noted that the above estimations are limited by the 

fact that the maximum amounts of blood and fluids given are not 

actually listed, and that a fairly large number of fluids were listed 

as "quantity not indicated." 

These comparisons of estimated average blood and fluid use per 

wounding agent are summarized in Table IV, It is probably signi¬ 

ficant, and compatible with clinical experience, that a smaller 

percentage of the "mortar" patients required blood, and that those 

who did,received less blood per casualty than in the other two cate¬ 

gories. It is also compatible with clinical experience that a higher 

percentage of the "mine" casualties required blood, and that those 

transfused required more blood, than in the other two categories. 
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These can be compared in another way: of the 1035 small arms 

casualties receiving whole blood, 357 (29%) received more than 

5 units of blood. Of the 922 mortar casualties receiving blood, 

280 (30%) received more than 5 units of blood. Of the 389 mine 

casualties receiving blood, 167 (43%) received more than 5 units 

of blood. This relatively crude manipulation of figures does not 

permit determining whether there isa statistically significant 

difference between the "mine" group and the others, but the 

observation that this group required more blood than either of the 

other two groups is probably valid. 

III. U.S. Navy Vietnam Studies 

The third source of information is from studies done by the U.S. 

Navy personnel in Da Nang. This is in two groups. The first studies 

were in 19(6, and the second in 1968. 

a. 1966 Study 

Between January and July 1966, a study reported by Moss^) 

was done "to further define the role of salt solution in the initial 

resuscitation of the badly injured combat casualty." During this 

time, 944 battle casualties were treated at the US Navy Station 

Hospital. Within this period, helicopter evacuation time from the 

battlefield to the hospital averaged one hour in a group of 284 

orthopedic injuries, although 2/3 of these patients were in the 

hospital within 30 minutes of injury. According to Moss, the initial 

therapy was rapid volume expansion with "balanced salt solution." 
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The buffered saline contained sodium 242m Eq/L, chloride 154m Eq/L, 

and bicarbonate 88m Eq/.^. Lactated Ringer's solution was also used. 

Twenty-five grams of mannitol and 4 ampules of sodium bicarbonate 

U76 mg) were given immediately thereafter. 

Small quantities of either Plasmanate or twenty-five percent 

serum albumin were also administered. Moss, in personal communica¬ 

tion, states that Plasmanate and albumin were used "when they were 

available," but that at the time of his study these were in short 

supply at the hospital. According to Moss, if adequate volumes 

were given, and hemorrhage controlled, the classical signs of shock 

were regularly reversed prior to the administration of "carefully 

cross-matched blood.Blood "was usually transfused as the 

central venous pressure began to rise and was given not as a volume 

expander but rather to maintain a critical red cell mass in the range 

of 257. hematocrit levels.Blood, in the majority of cases, was 

cross-matched prior to transfusion. In several instances, however, 

it was necessary to use uncross-matched low titered. Group 0, Rh 

negative blood. According to one informant (Captain Brodine - 

personal communication) in January 1966, it was sometimes about 

30 minutes before group specific blood was ready for a patient, but 

after about one or two months, group specific blood was routinely 

ready within 15 to 20 minutes especially in the research unit. 
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In Moss' report, there is unfortunately no indication at 

all of the amounts of colloids and fluids other than blood given, 

except for the statement "it was not uncommon to infuse 6-8 liters 

(of balanced salt solution) before central venous pressure would 

begin to rise."^^ This study is decribed in considerable detail 

because it may represent an unusual use of blood: to restore the 

lowered hematocrit following the combined effect of hemorrhage and 

the administration of probably large amounts of fluids. Although 

the title of the report suggests that successful resuscitation was 

done with "balanced salt solution" alone, it is possible that the 

Plasmanate, serum albumin, and mannitol may have also had a signifi¬ 

cant influence on the results. In this group of observations, 367. 

of the casualties required blood and the average volume transfused 

was 7.5 units. According to Moss, (personal communication) these 

values represented the first week of hospitalization. 

b. 1968 US Navy Battle Casualty Study, NSA Da Nang (James Garrick 

and Larry Carey) 

The second U.S. Navy study was conducted at Naval Support 

Activity Da Nang, in 1968. These observations were made for a few 

weeks before the Tet Offensive, during the Offensive, and for several 

weeks afterwards (1 January 1968 to 15 May 1968;. It therefore, like 

the other Navy study, represents the treatments methods used by 

U.S. Navy personnel in one hospital, during a limited time span. The 

evacuation procedures and type of combat experienced are essentially 
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those peculiar to the Navy-Marine activities in the 1st Military 

Region (northern part '»f South Vietnam). With these limitations, 

this study has the advantage of representing detailed observations 

during the height of combat activity. 

A total of 2021 casualties were included. These were all 

U.S. military personnel with battle injuries. All completely closed 

injuries were omitted, but, according to the investigators (personal 

conversation with Dr. Garrick and Dr. Carey), very few such injuries 

were seen in their hospital at this time. 

Thj amount of blood recorded was that used from the time of 

admission through the initial surgery (essentially, the first 24 hours 

post admission). Blood given prior to admission was not recorded, but 

probably none was given to these casualties pre-admission. Results are 

summarized in Table VI and Table VII. 

Unfortunately, this study included no data at all on the use 

of fluids and colloids. During this time, detailed studies of a series 

of patients admitted in shock were also being done, 05-16-17) and the 

use of colloids and fluids in the shock treatment study influenced 

somewhat the selections of resuscitation fluids in the other patients. 

Dr. Garrick recalls some albumin being used early in series, (personal 

communication). Clautier, Lowery, and Carey(15) studied 56 of the 1968 

Navy group of patients. These patients were selected because they were 

admitted in a state of hemorrhagic shock, had no CNS or thoracic wounds, 

and no resuscitative fluids had been administered before hospitalization. 
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TABLE VI 

Blood Requirements vs. Tenor of Combat (US Navy Study 1968) 

Casualties 

% Requiring Blood 

Pre-Tet 
(1 Jan-29 Jan) 

1968 

257 

Tet 
(30 Jun-10 Feb) 

1968 

270 

21.0% 

1.5 units 

7.3 units 

Post-Tet 
(11 Feb-15 May) 

1968 

978 

26.4% 

1.5 units 

5.7 units 

26.5% 

Mean Blood Requirements 
(All Casualties) 1.7 units 

Mean Blood Requirements 
(Casualties Requiring 
Blood) 6.5 units 

(US military, open injuries, "injured as result of hostile action"). 

First 24 hours, through initial surgery. 
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TABLE VII 

Blood Requirements vs. Wounding Agen'.s (US Navy Study 1968) 

Artillery Mines 6. 

nunshot (Mortars/Rockets) Booby Traps** 

Casualties* 

% Requiring Blood 

Mean Blood Requirements 

(All Casualties) 

481 

23.70,o 

1.1 units 

Mean Blood Requirements 
(Casualties Requiring Blood) 4.7 units 

346 787 

21.2% 

1.0 units 

4.6 units 

37.0% 

3.4 units 

9.1 units 

*Does not total 2021 because burns, multiple agents, and unknown 

categories were excluded. 

**BooDy traps include grenades, which are otherwise omitted. 
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The patients were given only lactated Ringer's solution or normal 

saline solution in addition to blood. "There were no preset formulas 

for fluid administration." 

In Proctor's study^*^ initial resuscitation was by Ringer's 

solution at a rate of 200-300 cc 1 min. until systolic arterial blood 

pressure was at least 100 mm Hg., central venous pressure was greater 

than 6 mm H2O or cross-matched whole blood was available (saline cross- 

matched blood available in 10-15 minutes). 

In this article, the only information on amounts of fluids 

given is the statement ".... the mean volumes of fluids infused for 

resuscitation, operation, and maintenance for the remainder of the 

first 24 hours following admission were: 5.075 cc, salt solution, 

1232 cc D5W and 11,023 cc whole blood, packed cells, or "plasma." 

In spite of efforts to reduce fluid administration to a minimum, 

evidence of fluid retention was present at 24 hours, as evidenced by 

mild periorbital edema, and an ensuing diuresis and weight loss over 

the last three days of the study period." Other evidence of fluid 

retention in these patients was based on radioisotope studies "in 

which there was a considerable increase in the extracellular water 

at 24 hours. This returned to normal by the 120 hour sample time." 

In this study, a group of "massively injured" patients was compared 

with "bed rest controls" and a group of patients with congestive 

atelectasis or "shock lung." However, no comparison or listing of the 

amounts of fluids received by each of these groups was made. 
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The "plasma" referred to was possibly Plasmanate, referred 

to elsewhere in the same reference. Toward the end of the series, 

Ringer's lactate and blood were the sole resuscitative fluids in 

practically all the patients. Dr. Carey recalled (personal communica¬ 

tion 1972) that approximately 2.3 to 2.5 volumes of Ringer's lactate 

was used per each unit of blood, and that the Navy use of blood tended 

to be less than the use in Army hospitals. According to Captain Brodine 

in the 1968 series (Carey, Garrick) larger amounts of salt solution and 

less blood were used than in the 1966 study. In 1969 (Proctor) series, 

less fluids and more blood were used than in the 1968 studies. If 

necessary, group specific blood would be transfused about 15-20 minutes 

after the sample was drawn pending the final steps of the cross-match. 

Summary 

The Military Blood Program Agency's records indicate that eopioxi- 

mately 467. of hospitalized casualties in U.S. military hospitals in 

Vietnam required transfusion. The average use of whole blood was 

between 1.5 and 2.5 units per hospitalized casualty, and between about 

3.7 to 5.0 units of whole blood per patient transfused. Most of the 

transfusions were of group specific blood rather than "universal donor" 

(group 0) blood. 

The Walter Reed Army Institute of Research records suggest that in 

the group of patients studied in U.S. Army hospitals, 15.77, of hospita¬ 

lized casualties required transfusion. The use of whole blood averaged 

between about 0.75 and 1.5 units (estimated average 1.1 units) per 
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hospitalized casualty and between A.78 and 9.43 units (estimated 

average 7.1 units) per patient transfused. 

The 1966 U.S. Navy study (Moss) indicated that 36% of the 944 

casualties required blood, and the average volume transfused was 

7.5 units per patient transfused during the first week of hospita¬ 

lization. The average amount per hospitalized casualty was therefore 

about 2.7 units. 

The 1968 U.S. Navy study indicates that 21% to 26.5% of their 

hospitalized casualties required transfusion. This was about 1.5 

to 1.7 units per hospitalized casualty, and 5.7 to 7.3 units per 

patient transfused. 

Therefore, subject to the limitations of the data discussed in 

the text, in the U.S. military experience in Vietnam, the average 

amount of whole blood used per hospitalized casualty was not less 

than about 1.5 units, and not more than about 2.7 units. The average 

amount of whole blood used per patient transfused was not less than 

about 3.7 units, and not more than about 9.4 units. These are overall 

averages and do not represent the treatment of individual cases. (In 

this report "casualty" includes injuries as the result of hostile 

action and non-battle injuries, but excludes non-injury hospitalizations). 

Both the WRAIR study and the 1968 U.S. Navy study showed a higher 

overall requirement for blood for management of patients injured by 

"mines" than those injured by artillery and small arms. This is in 

accordance with clinical experience, but is herein documented. 
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Colloids used included dextran, Plasmanate, (purified protein 

fraction), and human serum albumin. The US Naval hospital also used 

plasma (and packed red blood cells). Crystalloids included saline 

and lactated Ringer’s solution. Data on usage of blood volume expanders 

(colloids and crystalloids) are less complete than that for blood. 

The available data suggest that the Army hospitals used about half as 

many units of fluid as of blood per patient transfused, whereas, at 

least during part of the period covered, the US Naval hospital used 

2 to 2.5 rimes more fluid than blood per patient Infused. 

The Vietnam experience represents a situation in which abundant 

fresh whole blood was immediately available to all patients. Therefore, 

especially in the U.S. Army hospitals, it probably represents the 

maximum ratio of whole blood to blood volume expanders in the manage- 

me.t of the types of casualties encountered. 

From the data presented here, it appears that for planning purposes 

in the treatment of casualties of the types incurred in Vietnam, and 

under medical evacuation conditions similar to those in Vietnam, the 

overall blood requirement is between 2 and 3 units per hospitalized 

casualty, and between 4 and 9 units per patient transfused, the maximum 

average per patient transfused probably being closer to 7 units than 

to 9. In this type of combat situation, although group 0 "universal 

donor" blood is sometimes needed, the administration of group specific 

blood is usually practical and preferable. 
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The f luid (crystalloid and colloid) revirement when blood is 

readily available is between 0.5 and 2.5 time, that of the blood 

requirement. The colloid requirement under the., condition, appear, 

ro be about .03 of the non-colloid fluid requirement. The uae of 

colloids in resuscitation of trauma patients when blood i. not 

readily available is not con.ldered in this report, a. this situ.- 

tion essentially did not occur in Vietnam. 
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