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TRE~ATMENT OF~ SEVEREU THERMAL B3URNS WITH DIGOXIN'
ANT) INT 1A VENOUS FLUIDS ___

IN~TRODUCTIO)N

Burn %ihock endacgr r ;the patient print ya ll durinig the first

?A !. 48 icc: ir ' ett' i rev'pcvni ble !crmany' dezth,. from burn.; (1). 'It.-

-"trdicodynant factoirs u~uadly jivoLitatted 'with burn itiot k include de-

o rea. -i -. rdiat outtpol. pcr iphcrral va:.mo nit rittLion, decreased blood
volumre, &;id r late fall in arterial blood pressure (Z). Blalock (1, 4)

and utter-. (5 JC) have :coitl bded that Lce principle factor in the produi

ito oi burn ichok inuicunnc and an~rals i:4 &reduction in venoua sreturn

to the hecirt fromv lwc'c ccl pta~ma into the hurried area. H-arkins Its) and

Evans e at (10) have tudiell tic!c ftluid tors vari-futty, and the latter

group lta:. developed a forocutA. fur calcumlatinig the fluid required to re-

store blood vouime,

Work at this laboratory Al) receto l y demos, st rated that eardiai

output in dogs sinvariably tal:2 pret itoubly following burp before there

icr any ,hactge iis blood vtilunme, hi-art rate,. or right astrial pressure,

'i.Oiservations wa con'tintil by Umcimson actd Warner (12) and by

cnuciim:z at tire Brooke Armcy Medical Ceitter (13). lit addition, Htardy

et al(14) measured cardiact outiput Lin hiccvau.; during the first day fullowa-

tog hiurr' and found a low Average omcipiit %sO. 1.7 liternifminute in six sub-

jecctc utudwjd by the T 16124 dyre d0iut ricttiod.

Srcerat pw -c Ile th-,re, are avalilaWle- t e aptain [sie fat. in

cardiact output tin the prisonst C it a normal blood vlunmc. e~. blooid
nmay be [trapiped" amid not available to the gemneral iirculatitoi. If this,

is true, then expa3nsio of t'ie blucid volume by intravenous fluids might

be excpec-ted to riciture- rardia, ocutput. However, Gilmore (1',) report.,

winincal ifteit op tkoc dtm rea!- c la dia: outpit Iron, otiowci wich iii-

c ring .ed 1,tmsinas situnil' a,; olaii , AI pers unit above normial Mmiiicaunmi4

a rsie ti tighct arrial tr;,r.tbrpm'aI castountnritin might least

rvili'ly ti, adm- cea:c mi ry, n[ howire, at s'Yri;ath"iilwi aiget

(~ihs-amncci 't r. ukodiric' it a '"~ 'a( output iianmgi, after tburui, (16).

A third toc tcnte, mac-, _mi to m- gp Iat Ow ti ca rdiac ocit put fall

izi primary niyoc artcal ?.jury. Sttv* rat titiding.c sucprt ihi'c thicoryt.

(II ca r tiar cccl pccc fa: J,.ito I m' i ccc .. .. . it a orncal btoid vol mIsc' and ci

not rectori di by aa I i rtv, cci vtimlccm, (Z) riglnt atrial pire-ire dot's

not tall along witht., icar hia, 'ct-it, vi( tti tin, decrease ti ocutput is t,

restilt of a decrea-im- i t _ct:uto! 'm mcv. if tclitn t miyocardialI in*jcury doce c

occur, a k-ecic 'ic cctc mctiics by trtieIt Wimcc 'hriig'

vwhichcPt aetin t' Ca'c nrhcW coni rac tions. 'Intest thin poii -



bility, burned animals were treated in the present experiments with
tiRgoxin and/or fluids, and cardiac output was measured.

MAiiEtIALS AN") MEl.lTHO:

Thirty-eight mongrel dogs (mean weig.t - 11.3 kg; range
(,. 1- Itt kR) were dividrd into seven groups of fve or sixanimats each
and were treated as follows: Group A-no treatment; Group B - digoxin
after the one hour postburn measarement; Group C - fluids after one
hour; Grwtn D - both digowin a-d fluids after oue hour; Groap E - fluids
immediately after burn; Group F - digoxin immediately after burn; and
Group G - fluids and digoxtu Iimmediately after burn.

The preparation ofanimals. procedures for inflicting the burii,
and methods of measuring blood pressure have been described elsewhere

in detail (11). Cardiac output was mersured by externally monitored
radioiodinatod serum albumin (RISA) dilution curves (17). Plasma

volaie we a measured 'hy RItSA dilution, utiii.ing an extrapolated to

value (17). Dextran* was used as the fluid for blood volume expansion

and was piven intravenously by slow drip in quantity estimated from
control stutAes to restore blood volume to normal. Digoxin

* 
was given

slowly intraveinusly in an average dose of 0,008 mg/kg.

The experimental procedure was as follows: the animals were
anesthetized with 30 mg/kg pentobarbital sodium intravenously. Cardiac

oukput. blood volume, fermoral arterial pressurv, and heart rate were
measured and a Z0 calftem 30 per cent body surface burn was accom-
plished. The measurements were repeated at te. two, and three or

four hours postburn. Digoxin was given and/or fluids begun at the tirnes
described above: Survival was not measured beyond the fourth hour.

RESUUTS

Cardiac Output and Blood Volune

Each change or difference described in the results had a value
fur F <. 03 by Student's "t" test. Thte small control series (Figure i-A,

* Expandex, 6 per cent, in isotonic sodium chloride, Baxter

Laboratories, Inc.

" Lanoxin, Burroughs Wellcome and Go.
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Tables I an Z) is representative of larger studies pre, ' osly reported
(11). Cardiac output fell to 48 per cent of control valtkes by one-hour
postburn and continued to decline slowly, reaching 36 per cent by four
hours. Blood volume decreased by 18 p.'r cent after one hour and felt
an adot!i na! R iver Pentl h ftour hnur-, Wihen I emi ,,ient wa K wit hhelti
until aiter the first hour measurement (Groups B, G, and D), cardiac
output had fallen tu 51 per cent lout signiticantly different I rr the
,Softirnl).

U~pon restoration of liuoA volume alone by adninist ratioii t~f
fluids one hour postburn (Figure I -Ci, output rusit to 611 per cent of con-
trol andi stabilizedl at that level, Whet. digoxin atone was gi~en following
the one-hour measurement (Figure I-ill, cardiac output robe to 71 per
cent, or thersame increase as that resulting from restoration of volunie.
However, output declined severely in this letter group in the two in-
stances measured at four hours. Blood volume toss was not influencei
by di goxtin administration. When blood volume was restored and digoxin
was also given (Figure 1-?), one hour postburn. output rose to 135 per
cent of control.

When fluid is t,,.nt -as begun immediately postburn (Figure
I -E,. to prevent any fall in blood volume, the initial fall in cardim. out-
put was not prevented; httwevr. by two hours postburn, the carorse out-
put had risen to 78 percent of control and was maintained at that level.
Digoxcin given immediately postburn (k igure I -Y. reduced the extent of
the Output dec tine, with aii averaje value of 74 per cent uf control by
four hours postburn. Once again, no effect was noted on blood vk-.ume
loss. When bothi digo-xin and fluids were begun immediately postburn
(Figure I-G), cardiac outpuit was maintained at control levels.

Blood l*'essure andl H-eart Rate

In general blood pressure and br-art rate fell slightly fntluwitsg
burn and returned to control level, by four hours (t able 3). T reatment
by any of the mnethods eniployi did itot tyo(dify this pattern. Sptec kfically,
no decrease in heart rate was-uui tot those ref eiv~vg diguxcin.

lDlSC;US.bON

Either adequate fluitd the rapy or digitalization wat, partially
effective in preventing thv fatl in ardi4c owput or in rostoring . to
control levels. In Group G blood voluomi' restoration after one hour led

Q7?
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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 output, but both are r.quired to restore flow to normal
or to prevent its fall. These findings suggest that there iw an element

of myocardial failure immediately after burn, which may he effectively

treated with the cartan, g'ycosides. This therapy i, suggested (I)
before fluids are available f,,- use and 12. in addition to midequate fluid
therapY./
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