
THE PROBLEM OF BURN SHOCK COMPLICATED BY
PULMONARY DAMAGE*

OLIVER COPE, M.D., AND FREDERIC W. RHINELANDER, M.D.
FRO'M THE DEPARTMENT OF SURGERY OF THE HARVARD MEDICAL SCHOOL AND THE SURGICAL SERVICES AT THE

MASSACHUSETTS GENERAL HOSPITAL, BOSTON, MASS.

The treatmiient of slhock of the casualties demands priority in a disaster.
Proper immiiiiediate slhock therapy miay prevenit early death amiong burn
casualties anid also influence the future course because the fight againist
infectioildepeinds upon the patient's well-being.

The pulmonary lesions in the casualties of the Cocoanut Grove disaster
wNere uinexpected anid conmplicated the care of the shock. The usual plaln
of action for the care of shock due to burns had to be promptly modified.
Carbon miionoxide poisoning witlh its bright clherry-red color of the burnl
surfaces and mucous membranes, and the inflanimation of the burned lungs
and airways were quickly detected, but there was a delay in recognizinig
that the resulting anoxia was the cause of the mania in some of the patients.
Dr. Beecher, in his article, deals with the problemiis of anoxia. In this article
we (letail the mi-odifications deemed necessary for the care of the burn sshock.

A disaster close to hospital facilities offers the ideal circuimstalnces for
the care of shock. For the prevention of shock is more effective thani its
treatmiient when once it is established. This is particularly true of burn
casualties where the shock, except for the primary phase due to pain and
exposure, has a longer latent period than shock from hemorrhage. The
Cocoanut Grove night club was sufficiently close to the Massachusetts General
Hospital so that all the casualties arrived within two hours of the onset
of the fire. The shock that had been suffered by the time of arrival was due
not to burns so much as to the anoxia, exposure and pain. The steps taken
in the treatment of shock were as follows:

Control of Pain.-Each patient immediately uponi admission was given
an inijection of morphine. This procedure, routine in the treatmelnt of
burns, is based on the concept that prolonged pain in itself leads to
shock. That a few of the patients received an overdosage from a mistaken
idea of therapy is emphasized by Dr. Beecher.

That pain may exert an additional and indirect influence on shock is illustrated
by Case 12, a young naval officer. One of the earliest patients to arrive, he walked in.
There was a delay before he received the morphine. The pain in his hands was so
intense that he was unable to lie down but jumped up and down on the floor waving
his hands. Twenty-five hours later he died of the pulmonary complication. It is a
question whether this initial excessive physical exertion may not have increased the
pulmoinary edema. It is a common belief as a result of experiences in the last war
that exertion precipitates the onset of pulmonary symptoms and edema following
phosgene inhalationi.

* The work described in this paper was done ulder a contract, recommended by
the Committee onl Medical Research, between the Office of Scientific Research and
Developmellt and Harvard University.
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General anestlhesia was deliberately omitted as part of tuie treatmiieit
of tuie castualties sinice it lhas ad(leeteriouis inifltuenice in p)atients in ilmpenaiig,
shiock. llhe surlace treatmlelnt, witli iio (lehr(leluenlet and iio cleanisinv,, was
planne(l with this in minld.

AlJlminlinll of A1(l)lipullatioli. Every effort was miiade to reduce manipula-
tionl in the care of tue patienit. Rolliing a patient over abruptly tendls to
diisturb the vascular equilibriumii withl wlNhich he is respondinlg to the dinuiniisl-
ing b)lood volunme. liut one shi-ft of the patient was nmade, from stretclher
to l)edl. All subsequenit procedures were carried out in bed. Ha(d (le-
lridemiienit and cleansing beeni performiied it wNotuld have necessitated a tranlsfer
ot patient fromi bed to operating table and back, as wsell as the mianipulation
incident to the debridement.

Plasnma Thierapy.-All except ten of the patieints were given plasnma in-t-
travenously. Of those receiving no plasnma, five lhad minor pulmonary colil-
plications and Ino surface burns, and were discharged fromi the hospital in
the first few days (Cases 9, 10, 21, 30, and 31); the other five lhadl miiinor
surface burns and various degrees of pulmionary sigins (Cases T, 3, 5, J5,
and 24). Because of the inievitable delay in the thawing of plasimia in the
blood bank, the early arrivals did not receive plasmia protmiptly, whereas the
later arrivals had plasma running into their veins withiin five iminiutes of
entry. Plasmia therapy was deliberately withheld from the patients w-ith
cariv signs of pulmiionary damage and no, or miinor, external burnis. To olne
patient, (Case 6) with no external burn but severe pulmonary damage, onie
tunit of plasma was given later in the night.

The initial dosage of plasma was determined oIn the basis of the surface
area of the burns.* For each Io per cent of the body surface involved, it
was planned to give 500 cc. in the first 24 hours. Because the plasmiia de-
livered by the Blood Bank during the first 36 hours was diluted with ani
equal volume of physiologic saline solution, the patienit was to receive iooo
cc. of fluid for each io per cent burned.

The plasma dosage was miiodified subsequently on the basis of repeate(d
hemiiatocrit and serum protein determinations. The hemiatocrit readilngs n11
blood taken in the third hour after enitry were available by 3 A.AM. of the first
morning. The rate of plasma administration was inicreased in the patienits
showing hemoconcentration. Four additional blood heematocrit anid proteini
determinations were made in the first 24 lhours. Three determinationls were
made in the second 24 hours; two in the third; and daily thereafter as in-
dicated. No attempt was made to apply a formula to the hematocrit reading
to determine the dosage of plasma needed, it was simply run in faster when
lhemoconcentration was present. The same basic formula of surface area

* No attempt was made to judge the amount of plasma which might be lost from
the circulation inito the damaged pulmonary tissue. That the lungs accounted for somle
of the plasma lost is indicated by the fact that those lunigs examined postmortem by
Drs. Mallory and Brickley weiglhe(d nearly one kilogramii more thaii all average pair
of nornmal lungs.
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was adhered to.* OnlyXr two patients (Cases 4 anid 39) showed a lheimiatocrit
reading below normal in the first 24 hours.

The results of this intravenous plasma salinie tlherapy were apparently
satisfactory in the initial 12 hours. Altlhouglh formiis of shock certainily existed,
little or nio burn shock was encountered.t 'No patient died in the first 12
lhours. (TThe unknowni number who diedt immiiiiediately at the entrance from
stffocationi are excludled.) The seven deaths counted occurred fromll 13 to
(2 lhours after a(dmiissioni anid all were conisidered to have been caused lby
pulmonary (lamiiage anid anoxia.

Little or nio hemiioconicenitrationi, as jtudged by the hlemiiatocrit anid serumii
l)rotein,, occurred in the patients with t'le mlost extenisive surface burnls. For
examiiple, in three of these patienits (Cases 13, 20 an(d 34) the higlhest recorded
lhemiiatocrits were 53, 55, and 54 per cent. The hematocrit of a severely burned
femiiale (Case 8) did reach 65 per cent, the highest recorded figure.

Unsuspected hemlloconcentrationi appeared in patients with pulmonary
damiiage and lesser external burns. The hemiiatocrit of two of these (Cases
5 and I9) reaclhed 55 aind 59 per cent. This discrepancy was undoubtedly
(lue, in part, to the fact that more attention was paid to prompt plasma admini-
istration. to those wlho Nere severely burnied. It is evidence, on the other
lhand, of the early loss of plasmiia into the damaged pulmonary bed.

All patients slhoNing a severe degree of the typical burn pattern, burns
of the head and lhands, developed hemoconcentration and eventuaily required
more plasma in the first 24-hour period tlhani had been calculated by the
surface area formula. Massive edema fornmed beneath the deep burns of the
face and scalp in spite of the pressure dressings. The edema fluiid was dis-
nersed downward to the neck and over the shoulders and chest. Apparently,
in the deeper burnis there was a correspondingly deeper danmage of th-le
subcutanieous capillary bed with an increasing extravasation of plasma into
the loose areolar tissues beneath face, scalp, and dowwnward into the fascial
planes of the neck. In the mild burnis of the face, suclh miiassive edemla did
not occur and hemoconicenitrationi was niot excessive.

* \Vhen the hematocrit reading was 6o per cent or over, three uniits of plasima were
given in the four hours before the next hematocrit reading. If the hematocrit was 55
to 5O per cenit, two units were injected, if 50 to 54 per cent, one unit.

t Burn shock is defined as low blood pressure shock, with hemoconcentrationi anti
dininlished blood volume due to loss of plasma fluid into the burnl area. Blood pressures
below ioo mm. Hg. were recorded on several of the patients in the first 12 hours. Ole
manl (Case 26) entered with a blood pressure of So mm. He had been sorayed with
water and was chilled. His pressure recovered spontaneously within 30 minutes. The
womani (Case 2) wvho had severe anoxia in the first seven hours, in part due to an
overdose of morphine, and who received artificial respiration through an intratracheal
tube. showed an irreQular blood pressure curve with several systolic readings below
Go, and one of 7o. (She developed auricular fibrillation) The other patielnts with low
blood pressures exhibited them, for the most part, for only short periods. Dr. Aub.
seeking- to investigate shock, was unable to find a patient with a sufficiently low pressure
for a long enough time during the first night to make study worth while. Blood pressures
were recorded during this time in all except two patients (Cases 13 and 34).
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In spite of the possible inadequacy of the surface area formula when it is
applied to burns of the head and scalp, this formula has mtuch to rec-
ommend it. It is true that different degrees of burn may result in differelnt
amounts of edema btut it is still true, roughly, that the amotulnt of plaslmla
fluid lost fromii the circtulation into the tissue spaces is proportional to the
area of the burn. The formula is simple to calculate and can be done rapidly,
facilitating the hanidling of maniy patienits. No blood determinationis are
necessary and it can be applied wlhen laboratory fa-cilities are not available.
The complicated formlulae of Harkins. anid Elkinton, Wolff and Lee'2 al-e
not satisfactory merely because laboratory (letermiinationis anld calculationis are
necessary in ordler to apply tlhemii.

There is a ftunidanmental (lifficulty to the use of these formiiulae and also
to that of Black. These three formuitilae tell at the specific milomient the blood
determination is miiade how Imtuchl plasima is required to lring the plaslmla
v0olume back to niormial within a short interval. They do not allowA for
the amotunt of plasma that will leak ouit of the circulationl over the enstuing
lhours. If one of these formiiulae is applied sooni after the butrn, when the
patient has just entered tlle lhospital, andcl but little hemlioconcentration has
occurred, an iniadequate amlount of plasmiia will be given. On the other lhand.
if the formula is applied wlhen the maximiiumii edema has already occurred,
anl unnecessarily large amiiounit of plasmiia may be injected, for at that time
the rate of plasmiia loss is dimiinished. Any formiiula miiade onl a given blood
determinationl must also take into accotunit tlle expected loss in the liours
to come and this can only be estimiiated on the basis of the surface area burned.
A combination of the two miiethods is the best.
A difficulty whiclh was partly aniticipated hut niot adequately solve(d 1n

these patients was the problem of the amiiount of plasmiia and initravenouts
tlherapy required by a patient with ptulnmonary damiage. After the arrival
of the first Ij patients it was obvious that somiie type of pulmonary pathology
was present. At first sight, it was thought that there must lhave beeni ani
explosion and that the pulmonary damage was due to the blast. The in-
travenouses of salinie anid glucose solutionis wlhiclh were already runninig into
the patients were slowed to a miiinimumii while awaiting delivery Of thle
plasma from the banlk. This was done in anl ef-'fort to prevent tlle aplvearalnce
of pulmonary edema in the damaged lungs.* Already several casualties,

* Both sodium chloride and glucose are freely diffusible through the capillary
wall in contrast to the plasma proteins which are only partially or slowly diffusible.
In the area of a burn or chemical inflammation, the capillary permeability is increased
and plasma proteins pass out more freely into the extracellular spaces along with the
water and electrolytes to form the edema fluid. Saline or glucose solutions, by raising
ulood pressures in burned patients, tend to wash more plasma protein out into the area
of injury and increase the edema. Since only a portion of the plasma proteinis leak
out of the capillary, an injection of plasma is more efficient than saline in maintaining
blood pressure in burn shock and if given slowly will not cause as rapid a formation
of edema.
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obviously suffering fromii ainoxia, lhad died witlhin miiinutes after their arrival.
As casualties arrived who were able to serve as reliable witnesses, it became
clear that there had been no explosion, that only irritating fumes and heat
were the cause of the pulmonary inflammation.t

In spite of the early signs of pulmonary damage, plasma was given to
miiost of the patients. Eaclh patient was watched carefully and it was with-
lheld from those who, on the basis either of the mildness of their surface
burns or lack of hemiioconcentration, apparently did not require it. With the
progressioni of pulmiionary signs, however, more caution was exercised. After
three patienits had died witlh signs of pulmonary edemia the policy of allowing
a certain amiiount of heemoconcentration to persist was resolutely adhered to in
all patients with lung damiiage. The hematocrit readings were maintainied
around 50 per cent.

Whetlher the dehydration reginmen was of benefit is questionable. It was
not sufficiently severe to elimiiinate kidney function and perhaps was of no
detriment. On the other lhand, four more patients died with signs similar
to those of the earlier three. In three of these latter patients, postmortem
examination revealed damage incompatible with life, due to tissue damage
in the bronchioles rather than to edema. It is still an unsettled point but
if we were faced with the same condition again we would probably allow
a little hemoconcentration to persist throughout the period of progressive
pulmonary signs.

Normal kidney function was maintained in all but three patielnts in spite
of the hemoconcentration which was allowed to the patients witlh pulnmonary
comiiplicationis. Normal kidney function is assunmed when the blood non-
protein nitrogen was within normal limits, the urine volunme adequate, and
the disappearance of hemoglobinuria and albuminuria at the end of two
weeks. No renal function tests were performed.

The nonprotein nitrogen of the blood was determined daily from the
second through the fifth day in all patients who remained in the hospital, and
then every other day or as indicated. Nonprotein nitrogen values above normal
were recorded on six patients. In one patient (Case 38) who vomited nearly
everything taken by mouth for the first six days, abnormal nonprotein nitro-
gens of 5i and 62 mIIg. were recorded on the third and fourth days. In two of
the patients who died on the third day (Cases 25 and 27) the nonprotein
nitrogen rose just before death to 64 anid 78 mg. These are the three

From the same point of view, the physiologic saline solution used in equal volume
to dilute the plasma was omitted after the first 36 hours. Fifty per cent glucose was
substituted, vo cc. for each 15o cc. of plasma, in order to mainitain the free flow of
the plasma. (The flow of undiluted plasma is sluggish.)

t The similarity of the pulmonary sigins encountered in this disaster to those of
the Cleveland Clinic fire of 1929, was not at first apparent. We had thought of that
catastrophe as unique and that with the change in chemical composition of roentgeno-
graphic films, similar irritating poisonous nitrogen gases would not again be encountered
in civilian life. The clinical course of these patients was also comparable to that seen
in soldiers following phosgene inhalation in War I.
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patients considered to have had dimiiinished renal ftunctioni. T\(o of tiese
three patients had additional signs of abnormiial kidlney fuinctioni. Case 38
showed albuminluria and Case 27 both albuminutria anld mllassive hemloglobill-
uria. In Case 25 the urine findings were normiial.

The other three patients in whomii an elevated nonproteini nitro(Iein was
recorded were Cases 4, 8, and 36. In Cases 4 aiid 36 the nonprotein
niitrogens were elevated on a single occasionl, 62 and 44 miig., respectively.
on the fourth day. The hemiiatocrit andl seruml)proteinl determiiniationls 011

URINE EXAMINED-31 PATIENTS

Number

of

Petients

Num bet

of

Patients

Days a SeI 11
Days after Burln

FIG. 43.-The occurence of albuminiuria
itn 32 patients.

Days aftef lers

FIG. 44.-The occurrence of hemogloli-
lu-ia ill 32 patients.

both of these patients were normal oIn that day. The final abnormiial nonl-
protein nitrogen reading was 5I nmg. in Case 8 on the seventeenitlh day; the
hematocrit was 35 per cent and the serumii protein 7.3 mg. The patient
had received a transfusioni the day before and received anotlher on each
of the next two days because of the low oxygen carrying capacity of the
blood. In none of these three patients were there other signls of abnormal
kidney function suclh as albuminiuria, hemoglobinuria or dinminished urine
volumiie.

Albuminuria occurred in I 2 patients, see Figure 43. This includes
one of the patients who died. No patient showed albuminuria after
the second week. It is noteworthy that the period of albuminuria coincides
with the period of resorption of edema of the burnis. It cannot be con-
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cluded, however, that the protein of the e(lemia fluid is necessarily excreted
1v the kidney as albullmin, for several of the patieints with illassive edlemiia
exh1ibited n1o alb)um1inuria.*

There was n1o absolute correlationi between the albui-ninuria ain(l the tpl)e
of lesioni. It al)l)eared in six of the ninie l)atients survivinig with extelnsive
burns and in onle hlo (lid not. It was foundl in the girl with pulmiioiarv
damiiage an(l n-io external burns ( Case (), alnd in three patienits With milinior
burns, one of whomii was jaundice(l. It also occurred in a nmaln with miiodlerate
buri-ms ani(l l)ulmo ary damiage.

Hemoglol)ii-uria was recor(le(l in ninie l)atients. In onie who showed a

imil'd degree it was prob)alyly cauisecd 1w the sulfadiazine, for there were con1-
colmiitant crvstals, anld this patielnt alone of the ninie (lid not show albuminuria.
In the otlher eiglht. lio sulfadiazine crystals appeare(luriiig the eriod of
hemloglobilntiria. Iii these eig,ht the timiie incidenke was miiuch the samie as
that of the albtuinintria ( Fig. 4 ). Five of the eiglht lhad mllassive hemlio-
,lobinturia; the turine was grossly (lark b)rown to almiiost b)lack. One w,-vho had
it (Case 27) dlie(l on the tlhird (lax. lhe other three showed only slight to
mild amilounits of hemilo(obinutiria and it is possible that in these the sulfadiazinie
may have b)een the cauise excel)t tllat thie hemoglobinuria ceased evenl though
the sulfadliazinie was contiiiute(l. Since but one of the group died and nolne
of the surviving patienlts has slhown- any clinical evidence of iillairlmlent of
renal functioni, hemloglobinuria per sc (loes not necessarily result in renal
(iamiiage.

It is probable that the hemloglobiinuria in the patient who died was a
coincidence rather tlhan a contributing cause of death. At postmiiorteml
examiinlatioln of this patient the kidneys were found( to be congested wvith
occasionial l)etechial hemorrhages, but there was n1o evidence of renal danmage.

Experimiiental evidence is acctiimutilatingo, to showv that the liver plays
an ilmportanit role in the body's comllpelnsationi to shock. An examiniation of
liver function, tlherefore, follovingr a shocking, l)rocedure, such as a burn,

yav be of importance in (letermininig the character of a patient's resplonse.
Measurement of the l)rothromlbin timiie was miiadle on all patients onl the third
2ndl fourth day, and subsequten-tlx in a few- in only three patients was the
time prolonged. In one maniwho wvas severely burned (Case iI), on1 the
fourth day the clotting timiie wxas 3o seconds, that of the control 20. These
i(lentical findings were recorded onl Case 32 on the samiie day; on the
fo1lowviiiz (lay she was jaundiced witlh a vani den Bergh of 7.3 mIg. The

* The coinicidence of albuminuria and resorption of edema is a strong point in
favor of the protein of the edema fluid being the source of the albumin. Dr. Zamecnik,
,t this hosiial. lhas determinied increased peptidase activity in huiimani bleb fluid
from burni hlebs atnd in lylmph flowinig from the burmls of dogs. Peptidases might alter
the proteins of the edetna fluidl in such a way that they would be excrete1 hy the
kidney rathler thani reutilized. Tlhat the !reater portion of the extravasated protein
is made use of in the organism ratlher thani excreted is proveni by the decreasing-
excretion of nitl ogeni hy the kidnev durinig the period of resorptioni of edenma. (See
NNitro-rcn Balanice under 'Metaholic Ohservations)
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third patient witlh ani abnormal prothfrombin was Case 27, wh71o on the third
day, the day of death, lad a timiie of 36 seconds, the conitrol 24.

The patient recorded above witlh the elevated vani denl Bergh was the
sole patient exhibiting jaundice. She had lhad a severe and prolonged
anoxia resulting in damnage to the cenltral nervous system. The initial
attack of jaundice disappeared completely in a few days but a month later,
when she was receiving no sulfadiazite, slhe lhad a recurrenice of jaundice
with a palpable enlargemient of the liver. This attack also subsided but
nlot until after two weeks. The origini of tllis jautndelice anid hepatitis was
tndetermined. It can be postulated that it was iniitiate(l by prolonged anioxia.

Hemolysis was observed in only onie patient (Case 34). Slhe was ex-
tensively and deeply burned with large areas of clharred skin. Slhe died oIn
the second day. The origin of suclh heimolysis is niot clear. It is possible
that it is the result of the actuial lheatinig of the 1)loo0( p)resent in. the tissues
at the time of the burn.*

Intestinal ulceration andl bleeding are comilimioln se(ltielae of burn andl otlher
formiis of shock. The origin of the lesions wlhiclh give rise to the bleedilng
is niot clear. It is possible that they are the result of anioxia of the miucosal
surfaces due to capillary stasis. The stasis may be (lue to hemiioconcentration
with increased viscositv of the blood or to dimiiinislhed blood flow followinig
arteriolar conistriction. Arteriolar constrictioni and diminished blood flow
are known to occur in various parts of the body as compensation for the
diminishedl circtulatinig blood volunme and are an effort oni the part of the
body to dimiinish the capacity of the vascular bed to miiake uip for the
shortage of available blood volume.

In either case the incidence of intestinal ulcerationi and lhemiiorrlhage miglht
be considered an index of successful shock tlherapy. Figure 45 shows the
number of stools with a positive guaiac test. None of the stools was grossly
lbloody or tarry. It is interesting that Case 38. with the prolonged vomiting,
did not show blood. Those which were positive for blood were found in
patients with all of the different types of lesionis. The largest amount of
blood recorded was in Case 20, who showed a +++ test on the sevenitlh
day. At this time the hematocrit was below normiial and whole blood
transfusions were subsequently required. She lhad extensive deep surface
burns and it was not believed that the loss of 10loo0( in the initestinial tract
significantly contributed to the progressive anemiia.

An unexpected finding of interest was the occurrence of alkalosis in
two patients. On both the third and fiftlh days. an arterial puncture was done
oni Case 6, the yotung girl witlh pulmiionary lesion and no surface burns.
The PH'S were 7.63 and 7.40, and on the first blood the CO, was 30.3 m.eq.,

* In the experimental laboratory we have learned to associate hemolysis with the
severity of the burn.3 Hemolysis is not encountered in dogs with hot water burns of
the extremities when the temperature of the water is less than T00° C., or when
at TOO' C. it is applied for 15 seconds or less. At ioo0 C. it appears if the burnl is
for 20 seconds, and invariably if the burn is 30 seconds or longer.
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anld the oxygeni contenlt 17 vols. per cent. On the second blood, the sodium
was depressed at 138.6 m.eq., whereas the other findings were normal:
Total base I52.5 m.eq., calcium 9.o mg., chloride ioo m.eq., phosphate 4.3
mg., phosphate 4.3 mg., and hemoglobin 12.7 Gm.
A second patient (Case 13) with both extensive severe skin burns and

moderately severe pulmonary complications, showed an alkalosis as well
as an anemia on the fifth day An arterial punicture was made to determine
the oxygen contenit because of the falling hematocrit and progressive anemiiia.

STOL EXAIIIATION-25- PATIENTS

14

10
IIl a o7I 91 Ilt1r

DNys after Burrn

F;lG. 45.-Thle occurrence of blood in the stools of 25 patieiits.

The hematocrit was 38 per cent, hemioglobin 9.4 Gm., and p?H 7.47, 11011-

proteiii nitrogen 24 nmg., the total base I47 mu.eq., SOdiUm1I33 n1.eq., calCiu1n1
9.3 mg., chloride 97 m.eq., CO, content 28.5 im.eq., phosphlate 1.7 lllg. The
phosphate wvas low presuiiiably becaulse the patient had eaten recenitly.
The oxygen capacity was I4.6 vol. per cent, content 13.1 vol. per ceiit, or
a saturation of 89.8 per cent.

The alkalosis in tllese patienits was due presumiably to the sulfadiaziiie
therapy,4 and not to the pulmonary comiplication. For the probable origini
of the progressive anemia, see below under Mainteiance of Nutritiomt.

Cheiiotherapy. Chemotherapy to effect bacteriostasis is an integral part
of the modern treatnment of burns. At the moment, the sulfonamide prep-
arations prevail; unfortunately, they occasionally lead to untoward results
and disturb organ function and metabolismi. Since the maintenance of nornial
bodlily fulnction is part of good shock therapy, any discussion of the treat-
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ment of shock in burns miust needs include chemotherapy. It lhas been pointed
out above that sulfonamlide therapy leads to a loss of base and to alkalosis
but this is apparently of little import. It is the kidney and liver damiage
which occasionally occur even without overdosage which are of greatest sig-
nificance.

The relation of infectioni to slhock in burn patients lhas been but little
explored scientifically. Our present clinical impressioni is that infectioni is
often culpable. It is possible that the slhock, even as soon as in the late
lhours of the first day. is in part due to the toxemia of bacterial infection.
Certainly in later days infectioni supersedes in responsibility all other factors.
The malnutrition and anemiiia (see un(ler M1aittenaicc of Nuttrition) are al-
mlost certainly of infectious origin.

There is also a reciprocity between slhock and infection. In slhock, due
to a disproportion between the available circulating blood volume and capacity
of the circulation resulting in decreased blood flow to tissues, anoxia inevitably
develops. It is well known that certain organisms, including the beta
hemolytic streptococci, multiply faster in even slight degrees of anoxia. In
burn wounds, therefore, in wlhich any degree of anoxia exists, organismiis
multiply more rapidly anid infectious toxemia develops relatively early.

Such thoughts only emphasize the importance of minimizing bacterial
contanmination of the burn wounds bv immnediate coverage of the surface.*

AIainttcniantcc of NAitritioii.--In the treatmenit of burn shock every effort
should be made to administer the necessary fluid awd protein thnrouglh the
gastro-intestinal tract. Patients with less thaln ten per cent of tlle body
surface burned, particularly if mildly, and if thev are not nauseated or
vomiting, miay be treated by this route. Tlhey should drink readily digestible
fluids witlh a high protein contelnt. Mfilk and milk products, higlh protein
bouillons witlh amino-acids added are such fluids. XVarning should again
be made that if there are deep burns of the face and scalp, particularly if
there are acute pulmonary lesions as well, there may be an unexpectedly
great loss of plasma volume and intravenous plasma therapy may be re-
quire(l. Ten of the patients. some witlh mild burns, and somiie with pul-
mloniarv (lamage only, were treated enitirel by moutlh.

Hitch protein therapy by moouth is not sufficient. A caloric intake suf-
ficienit for maintenance is advisable. It is probable that a mloderate carbohv-
(Irate intake is required for normal liver functioln.

Attentioln to the necessary accessory food substanlces is also ipl)erative.
All of the patients received large doses of the vitamins, hoth as natural
anld svrnthetic substances, from the first day. In somie, these substanlces had
to be given intravenously. It is to be remiembered that patients with severe
burns, even wvith minimal infection, have fevers, that their metabolic rates

* The availability of sulfoniamides to the hurm ound lhas been considered iil a
previous paoer on the surface treatment. Sulfonamide levels in bleb fluid were recordedl
on five patienits (Cases 17, 19, 20. 28. anid 38). Levels, together with the Simultanleous
blood levcls, are available ill the protocols.
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are, tlherefore, elevate(l, and their reqtuiremiients 1)oth for total calories anld
accessory sul)stanlces are inicrease(l. For the l)atieints witlh imiore actixe in-
fectioii thiis is tlle miiore trtie.

None of the l)atienlts (levelo)ped cliniical sigls of a vitamiiiii deficielncy. Tlley
were niot weiglhed oni entry btut of the I I patients with severe burns who
sturvived, almiiost all lost somiie w-eight, and two lost a very considerable
amiiotunt (Cases I aInd I3).

Constant attenitioni was paid to the developmiienit of the iniitial signls of
aniemiiia. None of the patients with seconid degree bturnis developed clinically
signiificant anemiiia and(I none received, tlherefore, a whole blood tranlsftusion
except the womani in whomii anoxic damage to the central niervous system
occtirred. Eight of the ten patients with third degree burns, who stayed
at this hospital until lhealed, received transfusions for anemia. In three, one
transfusion sufficed. Atiotlher three patients receive(l three, four and five
transfusionis each. The most severely bturned patient to survive (Case I3)
received, in all, 25 whole blood tranisfusionis of 5oo cc. \Nith this latter

patient we faced difficulties:

Her burns were so extensive and the change of dressinzs so painfEl th-at endless timle]
was conlsumed in clearing the areas of dead tissue. From the fifteenth to forty-fifth days
efforts were made to chanige all of the dressings at one time, and general aiesthlcsia
was required each time the dressing was done. The patient was nauseated for each
followilng 24 hours. The nutritional status of the patient suffered and her courage
failed. Intravenous amino-acid injections as well as whole blood transfusions were
given by femoral veini. (A sin-gle vein in one arm was the otnly other available vein
in an extremity). It was nlot until the dressings were assigned to a single team to be
done without general anesthesia for lesser areas at one time, that the patielnt's
niutritional status improved. WVith the advance in general health., epithelial proliferation
across graniulating areas became obvious and grafting was possible.

This patient presented psychotic tendencies, and it was not unitil a rapport was
reached between the patient and Dr. Cannon and his two intern assistants that mastery
of the nutritionial state was achieved. The rapport was abetted by the withdrawal of
other physicians who previously had had jurisdiction over aspects of her care. The im-
portance of the psychologic factor in the production of good digestion cainnot be too
stronlgly emphasized. All too frequently, where there are inany doctors, eachi re-
sI)onsible for a different aspect of the patient's regimeni, the patienit is unable to

finld onie physician to whom she can turn.

Adrenlal Cortical Extract.-Extract of the adrenal cortex containing tlle
active principle of the gland has been recommiiiiended in the treatment of
burn shock.5' 6 The predominant signs and symiptomiis of adrenal cortical
insufficiency both in man and animal are those of shock. Among otiler
findings there are a low blood pressure, hemoconcentration, and an elevation
of potassitim and phosphate in the blood. Such finidings are also characteristic
of shock appearing after tratimia, bturnis, intestinlal obstruction ancd solmietimiies
severe inifection.

The problem of the relation of the adrenal cortex to bturn slhock has beeni
un1er inivestigationi in thle Sturgical Research Lalbo)ratory duirinlg tile past ye:mr.
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It has been found that in adrenal insufficiency in the dog there is a genl-
eralized increase in capillary permeability. This increased permeability is
reversible by the administration of adrenal cortical extract.7 In the dog there
is also an increase in capillary permeability in the experimental burned area
as has been demonistrated by Field, Drinker and \Vhite,8 (193I), and more
recently by Glenn, Peterson and Drinker9 (1942). In our laboratory this
increase in permeability has been shown to be localized to the regioin of the
burn.10 Only rarely does ani increase in the nonburned area develop follow-
ing proloniged shock. Efforts to decrease this abnormal permeability by large
doses of adrenal cortical extract have failed. Although under differenlt
experimental conditions it might be possible to influence the abnornmal
permeability induced by a mild burn, certainly the adrenal cortical hormone,
judged by these experimental results, would appear to have little practical
usefulness in burn patients.

From time to time, in this hospital, selected patients with burns have
leen treated with adrenal cortical hornmone in the effort to evaluiate this
substance. No unequivocal benefit has been obtained from its use. Two of
the patients of the Cocoanut Grove were selected for adrenal cortical therapy
(Cases 34 and 27). Both of these patients had extensive surface burns andl
pitinionary injury.

On the afternioon of the first day, wheni it was clear that Case 34 had
severe pulmonary damiiage, adrenal cortical extract (Upjohln) was started;
50 cc. were given intravenously over a one-lhour period. The patient's blood
findings before and after receiving the extract are given in Figure 46. She
had already received eight units of plasma, and only a minor amount of
hemoconcentration had occurred. She was selected for extract therapy in
the hope of decreasing pulmonary edema by reducing the capillary pernmea-
bility in the pulmonary bed.

The patient died six hours after receiving the extract. The course had
been progressively downhill, with increasing anoxia in spite of oxygen ad-
ministration. There was no clinical evidence that the patient lhad benefited
from the extract. Admittedly, the patient's disease was lprofound anld this
was a rigorous test for any miiode of therapy.

The second patient (Case 27) was also started on extract therapy on the
first day, 14 hours after the fire. The blood determiniationis, before and after

CASE 34

Hemat. P1. Prot. Na Cl
Date Time G0Gm. % m.Eq/1 m.Eq/1 Therapy

11/29/42 2: A.M. 51
5: 50 6.8 139 103 Plasma 3 units

10: 52 7 .6 Plasma 3 units
4: P.M. 51 7 .0 Plasma 2 units
5:25 ACE started
6:25 ACE 50 cc. finished

10: 54 7.0 102
11/30/42 12:50 A.M. DIED

FIG. 46.-Adrenal Cortical Extract (ACE): Schedule of adminiistration together with plasma injected and
blood findings in Case 34.
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extract, are given in Figure 47. Before and during the extract therapy
the patient received eight units of plasma. Over a period of I4 hours,
70 cc. of extract were given. She died 35 hours after the last injection
of extract. During that period she received an additional five units of plasma.
The nonprotein nitrogen which was 28 mg. at the time of administration of
the extract rose to go mg. before death.

This was another severe test for adrenal cortical extract. The patient
had extensive deep surface burns and pulmonary damiage; anoxia persisted
in spite of an oxygen tent. This patient, too, was chosen to treat with extract
because of the pulmonary lesion, in the hope that the extract would diminish
capillary permeability in the lung bed and thereby reduce the edema. There
was no evidence either during or subsequent to the administration of the
extract that the edema was less or the aeration of the blood better.

The difficulty of clinically evaluating such a substance as adrenal cortical
hormone in the therapy of burns or other forms of shock is apparent from
the experience with these two patients of the Cocoanut Grove disaster. There
were other patients with apparently as severe pulmonary injury, or as
extensive surface burns, who survived without the administration of adrenal
cortical extract. Had the two patients to whomii the extract was administered
survived, it would have been as wrong to ascribe their survival to the adrenal
lhormiione as it would be to incriminate the hormlone as the cause of their
death. There is no clinical evidenice that the hormllonie in aniy way influienced
the course of the disease.

CASE 27

Hemat. PI. Prot. N.P.N. ci K Diazine
Date Time % Gm. % mg. % m.Eq/1 m.Eq/1 mg. % Therapy

11/29/42 2:A.M. 56 Plasma 1 unit
10: 56 8.1 Plasma 1 unit
12:40 P.M. ACE started
2:45 Plasma 2 units
3:30 ACE 50 cc. finished
4: 47 6.4 5.1 Plasma 2 units

10: 45 6.2 Plasma 2 units
11!30/42 2:15 A.M. ACE started

2:45 ACE 20 cc. finished
6: 43 5 .8
2: P.M. 44 5.9 28 102.7 8.2
8;45 42 5 .3 Plasma 2 units

12/1/42 7: A.M. 35 5.6 78 113.9 7.0 Plasma 2 units
12:15 P.M. Plasma 1 unit
1:55 DIED

FIG. 47.-Adrenal Cortical Extract (ACE): Scheduile of administration together with plasma injected and
blood findings in Case 27.

CONCLUSIONS

The pulmonary lesion in the casualties of the Cocoanut Grove disaster
was unexpected, and complicated the care of shock. Since such lesions may
occur in civilian as well as military disasters, it is well to be prepared
to meet them. The treatment of burn shock, usually a straightforward prob-
lem of maintaining an adequate plasma volumle, had to be modified in an
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effort to prevent excessive pulnionary edemiia. Anoxia, not ordinary surgical
slhock was the primiiary concerni.

It was fortulnate thiat a treatmiielnt of the b)urn strface had been clloseii
in advalnce wlhlich perimiitted a m11aximultmlii of attenitioni l)v the persoinllel avail-
able to the problem of shock. Plasmiia therapy was promil)t anid elfective.
There w-ere nio deaths in the first 12 hours. The seven deatlhs that occurred
took place within 13 to 62 hours and were the result of the pulmonary
complication.

An effort was miiade to diminish the edema in the damiiaged lungs 1b
allowing a mild amounit of hemoconcentratioin to persist.

Massive edeima, out of proportion to the surface area involved, may occur
heneath deep burns of the face and scalp. The use of the various formulae
in computing plasmiia dosage is discussed.

Hemoglobinuria occurred in eight patients; onie died witlh no anatomllic
evideince of renal daml-age. The other seveni have survived witlh normal
kidney function.

.-drenal cortical extract (lid not affect the pulmonary edema or the
genieral bodily ftunictioni of the two severely inj'ure(l patielnts to whlomii it was
adnlmili stered.
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A NOTE ON THE BLOOD BANK

LAMAR SOUTTER, M.D.

FROM THE SURGICAL SERVICES AT THE MASSACHUSETTS GENERAI. HOSPITAI., BOSTON, MASSACHUSETTS

A BLOOD BANK iS a requisite for the efficient handling of patients in a dis-
aster. In the first place it is economical. In the second place, with burn
casuialties particularly, it is inmperative to feel free to administer all the plasmila
necessary. ITlhere need be n(o restraint in the tuse of frozel)plasmlla. Dried
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