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TREATMENT OF SEVERE THERMAL BURNS WITH DIGOXIN
AND INT TAVENQUS ¥FLUIDS

INTRODUCTION

Burna shock endanger o the pationt principally during the first
2% to 48 hears and 1= pesponrible for many deaths from burns {1}, The
cardiodynamic {actors ususlly sssoviated with barn shock nclude de-
creassd Lardige autpol, penipheral vasoconstriction, decreased blood
volume, and b lnte fall in arterial blood pressure {2).  Blalock (3, 4)
and otibers {5 10! have condluded that the principle factor in the produc-
tionof burn shock iniumans snd animals is a reduction in venous return
ta the heapt from loss of plasma into the burned ares. Harkins {5} and
Evans es af (30} have dudied this {ludd tuss varefully, and the latler
group ba: developed & formula for calculating the fluid required to re-
sture biood volume,

. Work at this labaralory {11} recently demor sirated that cardiac
autput .n dogs invamably falls previpitously following bure before there
i» any <bange in blood vilume, heart rate, or right atrial pressure,
Thin obsecvation wa i wonlirmed by Uobron and Warner {12} and by
wiudivy at the Brooke Army Medical Center {13).  In addition, Hardy
etai{i4)measured cardiac pulput 1o hamans during the first day follow-
s?\g?mm and found a low average vuipat o 3.7 Jiters/minute 10 six sub-
jects studied by the "' 1824 dye dilution method,

Several poswobie thegries gre avaslable jo eaplan the {a) n
cardiay output in the presence of & gurmal blood volume.  First, biood
may be “trapped” and not available to the general circalation. U ths
15 true, then expansion of the blond volume by intravenous fluids might
be expevied to restere cardiac output.  However, Gilmaore (1%} reports
mtnimal ufiect gn thy decreased cardiac vutpst from mfusions which in-
creascd plasina valume as wmuch an 17 persent above normal and causad
@ rise in right dabvial pressare, Paripheral sasoconstriction might jead
reflexty to aded rease m carfiag sotpnd; however, & sympatholylic agent
{(Aiberamme) did not modiy 1 caniiec output change altes buras {16}

A third possible mes acam to explan the cardiac output fall
iz primary myocardial jejury, Several findings sepport this theory!
{1} cardiac output faby w e preence of a normal Blood voalhume and is
nol restorid by as morea e o valane, (2) right atrial preasare doen
aot tall atong with the car find outaad, and (3} the decreane in output 15 a
result of a decrease iv strake volume. I direct myocardial injury does
accur, @ beneficiad ¢fieot vt ve obidised by treatment wile drugs
which tncreane the force !y car-hat contraction. To test this pousi-
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bility, burned animals were treated in the present rxpenmen:s w:th
digoxin and/or fluids, and cardiac cutput was measured,

MATERIALS AND METHODS

Thirty-etght monangrel dugs {mean weignl =~ 11. 3 kg; range
6.7-18.1 kg) were divided into seven groups of five or six-animals each
and were treated aa follows: Group A - no treztment; Group B - digoxin
after the one hour postburn measurement; Group G - fluids after one
hour; Group D -~ both digoxin and fluids after oue hour; Groap E - fluids
immedistely aiisy burn; Group ¥ - digoxin immediately after burn; and
Group G - fluids and digoxin immediately after burn,

‘The preparation of animals, procedures for inflicting the bura,
and methoda of messuring blood pressure have beendescribed elsewhere
tn detail {11}, Cardiac output was measured by externally monitored
radioiodinated serum albumin (RISA} dilution curves {17). FPlasma
volume was measured hy RISA dilution, utilizing an extrapolaled t,
value {17). Dextran* was used as the fluid for bleod volume expansion
and wags piven intravenously by slow drip in gquantity estimated {rom
control stunies to restore biood volume to normal. Digoxin*¥ was given
slowly intraveously in an average dose of 0, 08 me/kg.

The experimental procedure was as follows: the animals were
anesthetized with 30 mg/kg pentobarbital sodiuraintravenously. Cardiac
autput, blood volume, femoral arteral pressure, and heart rate were
mensured and & 20 cal/em? 30 per cent hody surface burn was accom-
plished, The measurements were repeated at one, twa, and three or
four hours postburn. Digoxin was given and/or fluids begun at the times
described above! Survival was not measured beyond the fourth hour.

RESULTS

Cardisac Qutput and Blood Volume

Bach change or difference described in the results had a value
fur P <. 03 by Student’s " {est. The small contreiseries {Figure i-A,

* Expandex, 6 per cent, in isotonic sodium chloride, Baxter
Laboratories, lac.

*+4 Lanoxin, Burroughs Wellcome and Co.
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Tables 1 and 2} is representative of larger studies previcusly reported
{11}, Cardiac output fell to 48 per cent of cuntrol ~alues by one-hour
postburn and continued to decline slowly, reaching 36 per cent by four
hours. Blood volume decreased by |8 prr cenl sfier one hour and fell
ap additional R per cent by four hourx.  When freniment was withheld
untii after the first hour messurement {Groups B, €, and D}, cardiac
output had fallen to 51 per cent {(not signiticantly different t v oru the
vontroll,

Upon restoration of blood volume alone by administration of
fluids ont hour postburn {(Figure 1-Cj, output rose to 68 percent of Lon-
trol and stabilized at that level, Wher digoxin alune was given following
the one-hour measurement {Figure 1.8}, cardirc outpul rose to 71 per
cent, or the same increase as thal resulting from reatoration of volume.
However, output declined severely in this letter group in the twe in-
siances measured at four hours. Blood volume loss was not influenced
by digoxin mdministration, When blood volume was restored and digoxin
was also given {Figure 1.1, one hour postburn, outpul rose to 135 per
cent of control.

When {luid ireatment was begun immedistely postburn {Figure
1.} to prevent any fall in blood volume, the initial fall in cardiac acut-
put was not prevented; hawever, by two hours postburn, the caraiac out-
put had risen to 78 percent of contro) and was maintained at that level.
Digoxin given immediately postburn {Figure 1-k'; reduced the extent of
the ouiputl decline, with an average value of 74 per cent of control by
four hours postburn.  Once again, no effect was nsted on hlood velume
loss., When both digoxin and fluids were begun immediately postburn
{(Figure 1-G), cardiac output was maintained at control levels.

Bloud Fressure and Heart Rate

In general blood pressure and heart rate fell slightly folluwing
burn and returned to control levels by four hours {Table 3}, Treatment
by any of themethods ernployed did ot inodily this pattern, Spedidically,
no decrease in heart rate was ioutdd in those receiving digoxin,

DISC USSION
Either adequate fluid therapy or digitalization was partially

effective in preventing the fall in cardisc ouipul or in restoring « ta
control levels, In Group C blose velume restoration after one hour led
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SUMMARY

The effect of early treatment of burn shock in dogs with fluid
replacement and/or digoxin are described. Fluids or digoxin partially
restore cardiac gutpul, but both are raguired to restore fiow to normali
or to prevent its fall. These findings suggest that there i an element
of myocardial failure immediately after burn, which may be eifectively
trcated with the cardiac g'ycosides. This therapy is suggested (i)
before fluids are available fo.. use and {2} in addition to adequate fluid

therapy. .
/F

329



" ppn s

[N

REF ZEHENCES

tlarkns, H. N. The presen' status of the problem of thermal
buras.  Physiol Rev, 29: 531, 1945,

Richards, D. W., Jr. 7The circulation in traumatic shock in man.
flarvey Lectures 39: 217, 1943-44.

Blalock, A, Experimental shock: ViI, The importance of the local
toss of ffuid {6 the produciion of the low blood pressure after hurns.
Arch. Surg. 22: 610, 1931,

Johnsot, G. 3., sad A, Blalock. tuperimental shock: Xif A
study ol the effectls of bemorrhage, of trauma to muscles, of
trauma to the intestines, of burns and of histamine on the cardiac
autpit and on blood pressure of dogs. Arch. Surg. 23: 855, 1931,

Harkins, H, N,  Experimental burns: I.  The rate of fluid shift
and its relation to the onset of shock in severe burus. Arch.
Suryg. $1: 71, 1935,

Yiman, R,, aud F. L. Brown, Jr. Experimental burns: 1.
Methods, maortality and hemovoncentratian curves. War Medicine
3 477, 1943,

Mayer, C. A., ¥F. A Coller, V. lot, H. H. Vaughn, and D, Marty.
A study of the iuterrclationsnip of salt solutions, serum and de-
fibrinated blood in the treatment of severely scalded, anesthetized
dogs. Aan. Suryg. 120 367, 1944,

Wiggers, G. 3. Physiology of shock.  New York: The Coirmon-
wealtth Fund, 1950, pp. 53-54,

Salabery, A. M., and k. I kvans. Blood volumes in normal and
burned dogs. Ann. Surg. 132: 746, 1950,

Bluans, W, L, 0, J. Purnell, ¥ W_ Robinett, A. Batchelor, and
M. Martin.  Flmd and electrolyte requirements \n severe burns.
Ann. Surg. 13%: 804, 1952,

Gilmore, J. ., and 8. W. Handford. Hemudynamic response of
tne dog to therwal radiation. J. Appl. Physiol. 8: 393, 1956.

330




| ey

12.

13.

5.

16.

17.

i9.

20.

Dobson, E. L., and (i. F. Warner. Factors concerned in the early
stages of thermal shock. Circulation Res. 5: 69, 1957.

Baxter, C. R., G. K. Arney, G. McCune, N. L. Green, C. R.

Ki‘.ﬁﬁtd‘y‘. and D, M, Rernhsrt, Acute .-aggl,i.e}‘ ulmonary response
t¢ ~xtensive thermnri .rauma. U. 5. Army Surgical Research Unit,
Bruooke Army Medical Center, Fort Sam Houston, 'Iexns Progress

Report atd. 30 June 1958.

Hardy, J. D , W. A. Neely, F.C. Wilson, Jr., J. R. Lovelace,
and E. Jabbour. Thermal burns in man: V. Cardiac output during
early therapy. Surg. Gyn. Obst. 101: 94, 1955.

Gilmore, J. P. Cardiovascular changes of the burned dog follow-
ing the infusion of iniravenous soluiiouns. Aim. J. Physiel. 190:
513, 1957,

Gilmore, J. P. The effect of dibenamine, levarterenol, or
wpienectomy upon the (ourse of burn shock in the dog. Naval
Medical Field Research lLabaratory, Camp Lc_,eune, N. C. Report
NM C06 014.04.06. 7:25, 1956.

Fozzard, H. A., H. R. Fallers, Jr., and R. Jackaon. A com-
parison of the rad:ocnrdlogram and Evuns biue dyedilution cardiac
output methods. Naval Medical Field Research Laboratory, Camp
Lejeune, N. C. Report NM 61 01 09.1.18. Vol. 9, 1959.

Goodman, f.. S., and A. Gilman. The Phlrmucoloéicll Basis of
Theraputics New York. The Macmillan Company, 1955, p. 672.

Harvey, R. M., M. 1. Ferrer, K. T, Cathcart, D. W. Richards,
jr., and A. Cournand. Same effects of dige xin upon the heart and
circulation in man. Am. J. Med. 7: 439, 1-49.

Cohn, A. E., and H. J Stcwart. The relation between cardiac
size and cardiac output per minute following the administration of
digitalis in normal dog:.. J. Clin. Investigation 6: 53, 1928 -29.
Russ, J., Jr., 1, A Waldhaycen, and E. Braunwald. Extra-
cardiac effects of digitalis preparations gu venous return and
systemic flow. Fed. Proc. 18: 131, 1959,



B

T\
N
<
$00/

°s

’
.
P Y 24
dOOK - 1 NX14V
STIoT 4 CNVY NIXODII-C Holh - T B3NS
~— .
LIXITIC-s e

e

tser

WLLALIIEAI]L BNOIIRA O} TRUNUY [ OLIF(] 3W GV 8 vba.on,

[ sarbig

3%

gorae s e qu s dad




TrNI0 s goV14d

L0410 DOYIJ4YD

BALAY TSN IXTCIC € ¥ SCITSRD

-5

e

=

\\

TTe- e Lo

B3L4¥ AT AUVICINK NIXODIG- A

ddldy —.—HP‘JQN:;‘— rriia g ¥ o |

Lines

f52!

104340 JO VI a9 g

333




T AbLE ¢

Hlood Vuluine Changes Following Buin
wiuh Fluid and Diguxin Tisstments

Muan of live dugs.

1 Dashon sudbiaty e dsoritnems unmasbislac Lot 1or tabe s e

335

Tune ‘ustburn fo Heo
Contrul 1 1 < [
Dog
Group ! Ne. Statisitns mi i
: : ;
Unireaird ® 1-5 Menn Wi T4 1
172 bt By
Flutds st One v %93 109 .
| Hour 7 ) 1 H
3 L1 n’ i
9 20 1 ]
10 S41 iin ;
(353 Yo 1
e | - “b6 o9 TaR i
Diguxin al Ove 133 554 oo 100 r
Hout 2 L2y s { 7y )
[ 123 “b L1] kRY i
14 E ! ;
1% . - | _* et !
Mean 117 LI 1
5.0, et I .2 14 .6 t
Digonem anud e - A TS 1,
Flusde at Oue 17 41 1% e -
Hour s ar : e e i
1 in i HE R !
20 n 1 P A M
. Mran 1 i 126 IR I
5N - o () ; trow 1
I R ,
- !
tieias 2l 101 1o i
Inansdiately 2 e : taa ) e, |
Postbure Z3 LY 1 i. ' v
24 L i ! 4 .
28 [REY (1N . i1
. ” ! -
I .n, 7 . 1¢ =
I I ) Tue
| - - 4 - LER] T4 £ L ’ B
o oan Zi LY i i
Lroiedests 3y o 79 A i
Foastburn «
i N '
1 e
[ M .
- - s 1 4 ;
1
4y ERRS . Jrn
e [ Vs o4
fmmirdiately AL I Yer
Vomtbus . t 1y Jue
Vi vy "
[ 11y B s
S fer b
L 5.1 n_. s [
4




TABEE A

e aeni Ueart Hate Lhangie t

Biout 11ee

ik Fiard o D freatrnrnls

P RAlaad Verws 1o trmnHy? |

Proastuee o Hadrs

Lryey 140 ¢ A2

1 BT
Linette 1)

ygunsn 11t ESTRE onam lienact
[prwans e it u

i i,'

"lh‘- ke i ey flasanm
-|l e Poestlacos [ | 1

! ) 1 i l‘

".n e hinte ECIREN l‘.l\lﬂll:\ 114
v, 5 1 '

| (3] ﬁ . |

i H

;[..m-,\-... .”""" ! d-wl{hl. Y
[IEPRERRLY " N |

Ly ediate g\lnln Vieaen, pioe vt Capes ok oabAr S
gt onde 1 2 l \

-

fiaher oloe

L magurew pryc e NI EEN

336

-4 Cont e

{

N |
ET RIS LI b

caay Baan

Hr

paagzfirTein

jrre v st

B 4-\41\:1-- :
n-:v.r"H--nx~

frate (hoalmiret
L =




UNCLASSIFIED

CONTROL ONLY : chfoduccd by .

. . . o N
Armed Services Technical Information Agency

ARLINGTON HALL STATION; ARLINGTON 12 VIRGINJA

 UNCLASSIFIED

o wmg} ;_

| ‘ i
M_




Defense Threat Reduction Agency
45045 Aviation Drive
Dulles, VA 20166-7517

CPWC/TRC May 6, 1999

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER
ATTN: OCQ/MR WILLIAM BUSH

SUBJECT: DOCUMENT REVIEW

The Defense Threat Reduction Agency's Security Office
has reviewed and declassified or assigned a new
distribution statement: ffjﬁg

~ AFSWP-1069, AD-341090, STATEMENT A+ *
~DASA-1151, AD-227900, STATEMENT A «
~-DASA-1355-1, AD-336443, STATEMENT A

~ DASA-1298, AD-285252, STATEMENT A .

- DASA-1290, AD-444208, STATEMENT A~

- DASA-1271, AD-276892, STATEMENT A&

. DASA-1279, AD-281597, STATEMENT
~DASA-1237, AD-272653, STATEMENT
- DASA-1246, AD-279670, STATEMENT
- DASA-1245, AD-419911, STATEMENT
-~ DASA-1242, AD-279671, STATEMENT
~ DASA-1256, AD-280809, STATEMENT
~ DASA-1221, AD-243886, STATEMENT F:fij)
~ DASA-1390, AD-340311, STATEMENT A~

- DASA-12837—ADP—717697,~ STATEMENT A OK

- DASA-1285-5, AD-443589, STATEMENT A
-DASA-1714, AD-473132, STATEMENT A
~DASA-2214, AD-854912, STATEMENT A
--DASA-2627, AD-514934, STATEMENT A
~-DASA-2651, AD-514615, STATEMENT A

-~ DSB=2536,—AD=876697 —SPATEMENT A —
~DASA-2722T-V3, AD-518506, STATEMENT A

- DNA-3042F, AD-525631, STATEMENT A
-DNA-2821%7Z-1, AD-522555, STATEMENT A

i i i B



If you have any questions, please call me at 703-325-

Jln&ﬂuw

ARDITH JARRETT
Chief, Technical Resource Center



