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INTRODUCTION

IT HAS BEEN reported by Wight et al.,9
Evans and Butterfield,2 and others that the
circulating eosinophils are depressed imme-
diately following severe thermal injury, and
begin to rise the third to seventh day after
the burn. A marked eosinophilia is reported
in the second to fourth month by the first
authors. Evans and Butterfield2 studied uri-
nary corticoid excretion in four patients
with 19 to 30 per cent body burns. Using a
technic which measures only the unconju-
gated corticosteroids in the urine, they
found elevated levels following burns in
these patients. Recently, Moore et al.6 re-
ported one case with a 22 per cent second
degree burn in which there were no changes
in the excretion of conjugated urinary 17-
hydroxycorticosteroids following the burn.
The patient had a normal increase in urinary
corticosteroid excretion following the ad-
ministration of ACTH one month after the
burn. Wilson et al.10 have studied the uri-
nary corticoid excretion in 12 patients with
burns. They reported that the excretion of
corticoids was sharply increased following a
burn of significance, and remained elevated
or at a normal level throughout the course
of the burn regardless of whether the
patient eventually died or recovered.
No studies are at present available on

blood corticosteroid levels in the severely
burned patient.

* The opinions or assertions contained herein
are those of the writers and are not to be construed
as official or reflecting the views of the Navy De-
partment or the naval service at large.

Submitted for publication July, 1955.

It is the purpose of this paper to present
studies of blood and urinary corticosteroids
in 26 patients who simultaneously suffered
severe thermal injury.
The explosion and fire on the aircraft

carrier Bennington occurred early in the
morning on May 26, 1954. Most of the men
who were injured in this accident were
transported to the U. S. Naval Hospital at
Newport, Rhode Island. Blood and urinary
specimens for corticoid determinations were
obtained on 26 of the men who were burned
in this fire beginning on the fourth day after
the burn.

METEODS

Twenty-six patients were followed from
the fourth to the fiftieth post-burn day. The
ages of these men ranged from 19 to 47,
with an average age of 24. Fourteen of the
patients received cortisone or hydrocorti-
sone, usually from the first to the fifth post-
burn day, and ACTH, usually from the
second to the sixth post-burn day. No hor-
mones were given after this time. The
dosage of cortisone andACTH varied within
the general ranges shown in Table I. No
correlation was discernible between dosage
and effect, the apparent differences occur-
ring between that group which did not re-
ceive cortisone and ACTH and the one
which did. Twelve patients received no hor-
mone therapy.
Blood samples were drawn in the morn-

ing, usually from the femoral vein but
sometimes from the antecubital vein. The
blood was heparinized, centrifuged and the
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TABiE I. Dosage Range of Cortisone and ACTH
Given to the Patients Who Received Hormone

Therapy.

Cortisone ACTH
Post Burn Day MGM/24 hrs. Units/24 hrs.

1 . .............0-300
2... 100-300 0-40
3 .5............0-300 40-80

4 ............. 25-150 80-120
5S............... 25-75 120
6 ..... .........0-250-120

plasma was immediately withdrawn and
frozen. The frozen plasma was flown daily
by Navy plane to the Naval Medical Re-
search Institute at Bethesda, where the 17-
lhydroxycorticoid measurements were car-
ried out.
Most of the patients were on constant uri-

nary drainage via urethral catheter from
the first through the eighth to thirteenth
post-burn days. After the catheter was re-

moved, the voided urine was emptied into
a large bottle which was kept under each
patients bed. The urine was allowed to
stand at room temperature from one day to
the next, and was collected each morning.
It was measured, and an aliquot was frozen
and flown to Bethesda for analysis. Urinary
corticoid excretion was measured in 25 of
the 26 patients. Collections were discon-
tinued at the thirty-first day because of the

difficulty of obtaining accurate collections
after this time.
The 17-hydroxycorticoids in the blood

were determined by the method of Nelson
and Samuels.7 The urinary 17-hydroxycor-
ticoids were determined by the method of
Glenn and Nelson.3

RESULTS

The patients in this series all had flash
burns, and some had clothing and flame
contact burns as well. The burns were
largely second degree. Only six of the pa-
tients in this study had significant percent-
ages of third degree burn. Two of these
patients died. Of the remaining four, two
received cortisone and ACTH and two did
not. The burn percentages of all the patients
in this study are shown in Table II.

BLOOD CORTICOIDS

During the period of the fourth to the
fiftieth post-burn day, none of the patients
in this study showed subnormal blood 17-
hydroxycorticoid levels at any time. (Nor-
mal values were taken to be between 3 and
28 micrograms per cent). Two of the pa-
tients with extremely severe burns died
while they were under study. Both of them
had received cortisone and ACTH accord-
ing to the schedule described above. One

TABLE II. The Ages and Extent of Burn of the Patients in This Study.
Patients Not Receiving ACTH or Cortisone

Percent of
Body Burned

3rd
Age Total Burn Deg.

1. Over 45% Burns .....
Slow Convalescence

2. Over 45% Burns.....
Good Recovery

3. Less Than 45% Burns

G. L.
H. P.
S. W.
J. C.
J. R.
R. B.
W. J.
H. D.
C. H.
W. Jo.
J. M.
R. M.

28
23
30
29
21
19
19
18
34
19
26

61 4
68 30
46 9
60 7
50 2
26 0
17 1
41 1
18 7
15 3
17 0
27 0

Patients Receiving Cortisone and ACTH
Percent of
Body Burned

3rd
Age Total Burn Deg.

1. Very Severe Burns....
Died

2. Over 45% Burns.....
Slow Convalescence

3. Over 45% Burns ....
Significant Amount of
3rd Degree

4. Over 45% Burns.....
Good Recovery

5. Less Than 45% Burns

F. W.
A. Ro.
F. L.
L. G.
W. H.

D. S.
J. B.
D. K.
G. R.
W. D.
M. G.
R. B.
T. L.

36 99 54
- 81 60
27 63 6
20 66 5
19 65 30

20 45
47 51
19 48
19 61
27 57
20 24
19 30
21 26

13

3
2
0

0

4
2
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FIG. 1. Patients S. W., H. P., and G. L. were the sickest patients in this group. Patient H. P.
was the most severely burned of all, with 68 per cent total bur of which 30 per cent was full
thickness. In Figs. 1 to 4 the line representing the lower limit of normal should have beendrawn at the 3.0 mg. % level instead of 5.0 mg. %.

of the patients died on the ninth, and the
other on the fifteenth post-burn day. Both
developed extremely high blood 17-hy-
droxycorticoid levels, reaching a peak of 230
micrograms per cent in one patient, and 104
micrograms per cent in the other.

T'HE GROUP NOT RECEIVING CORTISONE OR ACTH

1. Patients with 45 per cent or more of
the body surface burned. The blood cortico-
steroid values obtained in five patients in
this group are shown in Figure 1. It may
be seen that all values obtained were in or

above the normal range. Patients J. R. and
J. C. had severe second degree burns, with
small third degree components. Both made
rapid recoveries. Patient G. L. also had a

severe second degree burn with a small
third degree component. His convalescence
was complicated by septicemia. These three
patients tended to have corticoid values in

one early convalescent period which were
above the other two in one group. Patients
S. W. and H. P. had significant percentages
of third degree burn, and were the sickest
patients in the group. Patient S. W. had a
46 per cent total burn with 9 per cent full
thickness, while H. P. had a 68 per cent total
burn with 30 per cent full thickness. Neither
of these patients showed any values above
the normal range. In this group of five
patients, ten of 37 values were above the
normal range.

2. Patients with less than 45 per cent of
the body surface burned. The blood cortico-
steroids for seven patients in this group are
shown in Figure 2. Only three of the 36
values in this group were above the normal
range. None were below. There doesn't
appear to be any correlation between the
severity of the burn and the level of blood
corticosteroids in the patients within this
group.
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17-IIYDROXYCORTICOSTEROIDS IN I'ATIENTS WITH BURNS

TABLE III. The
Urinary Cortic(
V7arious Catego
the Burn.

1. Very Severe,
Died* ....

2. Severe, Com-
plicated
Slow Recov-
ery........

3. Severe, Signii-
ficant 3rd
degree, Slow
Recovery..

4. Severe, Good
Recovery.

5. Less than 45%
bthrn.

*One patient die(

T'HE GROUP Ri

Mean Plasma Corticoid Values and
Of the eight patients with 45 per cent or

aid Excretion Seen in Patients it, more of the body surface burned who lived,
ries during the 4th-16th Day after the three most severely burned were F. L.,

L. G. and W. H. All of these patients had
Cortisonie and

over 65 per cent total burns, although only
N o I nones ACTH 1-6 day one, W. H., had a significant third degree
U~rinle Plasma Urinle Plasmna component (30 per cent). The first two of

4 lirs. ing. ', 1gl. 24 (mrs. tig. '% these three patients tended to show some-

what higher blood corticoid values than the
- - 35.3 125 rest of the group. Patient W. H. and patient

D. S., the two patients with the greatest
19.( 27 15.5 60 amount of full thickness burn, tended (ex-

cept for one isolated measurement), to showt
lower values. In this group of ten patients,

14.6 21 13.0 21 28 of 59 determinations were above the
14./7 30 13.6 30 normal range.

2. Patients with less than 45 per cenit of
8.3 22 1t3 0 19 the body surface burned. Only two of 19

d 9th day, onie the 15thidaN. determinations in this group were above the

normal range. None were below. TheseECElVING CORTISONE AND ACTH

relationships are illustrated in Figure 4.

1. Patients with 45 per cent or more of
the body surface burned. Two of the pa-
tients in this group died, as mentioned
above. One, F. W., had a 99 per cent total
burn, with 54 per cent third degree. The
other, A. R., had an 81 per cent total burn,
with 60 per cent third degree. Both had
very high blood corticosteroid values (Fig.
3). Patient F. W. was found to have destruic-
tion of the right adrenal by hemorrhage at
postmortem, which may account for the
decline in his blood corticosteroid levels
shortly before death.

URINE 17-HYDROXYCORTICOID LEVELS

Urinary 17-hydroxycorticoids were de-
termined in 25 of the 26 patients. Twenty-
two of the 25 patients demonstrated ele-
vated 24 hour urinary corticoid secretion on

tNvo or more occasions in the convalescent
period from the fourth to the fifteenth post-
burn day. (The normal range was taken to
be from four to 11 mg. per 24 hours.) Of the
three remaining patients, one had no meas-

uirements made before the eighth day, and
the second had none before the tenth day.

'IABLE IV. Patients Showcing Mlarkedly Eleva(ted Blood Soditum Levels after the Third Post-buirtn Day.

Blood Urinary
Day Blood Urinary Na Corticoid Corticoid %c Burn Received
Post Na Excretion Level Excretion Cortisone

Patient Burn mEq/L inEq/24 hrs Gamma % mgm/24 hr 2nd deg. 3rd deg. and ACTH

J. C 7 151 19 42 15.6 60 7 0

W.D.7 157 45 33 33.0* 57 0 +
D. K 8 157 57 49 9.1 48 0 +
F.L 6 165 75 12.2 63 5 +
H.P. 7 151 53 21 8.0 68 40 0
F. W 7 179 53 92 20.0 99 54 +
R.O 7 190 224 31.3 81 60 +
C. H 7 160 20 4.1* 18 1 0
G.R. 7 154 53 22 22.4* 61 1 +

All values shown for a single patient were obtained on the same day, except for the three urinary corticoid values marked
by an asterisk (*), which were obtained one day lbefore or after the stated day.
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FIG. 2. The patients in this group tended to have' plasma 17-hydroxycorticosteroid levelswithin the normal range, except for three isolated elevated values.
The third patient, while having measure-
ments made from the fourth day on,
showed only one elevation above normal on
the fourteenth day.
THE GROUP NOT RECEIVING CORTISONE OR ACTH

1. Patients with 45 per cent or more of
the body surface burned. The urinary corti-
coid output for the patients in this group
during the fourth to fifteenth day is illus-
trated in Figure 5. The patients with a
greater amount of third degree burn and
more prolonged convalescence tended to
show a somewhat greater urinary excretion
of corticoids than those with a rapid con-
valescence. This is just the reverse of the
relationships seen in the plasma corticoid
levels. Patients H. P. and S. W. both showed
several values for urinary corticoid excre-
tion which were above normal, although
neither patient had any plasma corticoid
values above normal during this period.

2. Patients with less than 45 per cent of
th-e bod-0- surface burned. The urinary corti-

coid output for the patients in this group
tended to be lower than that seen in the
patients with more severe burns (Fig. 6).
THE GROUP RECEIVING CORTISONE AND ACTH

1. Severe burns with fatal outcome. The
urinary corticoid excretion was very high
in these two patients until renal failure
supervened in the terminal stages (Fig. 7).

2. Patients with 45 per cent or more of
the body surface burned. All patients in this
group showed rather high levels of urinary
corticoid excretion (Figs. 7 and 8).

3. Patients with less than 45 per cent of
the body surface burned. The urinary corti-
coid values in this group were also elevated
(Fig. 6).
An over-all summary of average urinary

and plasma corticoid levels may be seen
in Table III. Of interest is the suggestion
that in the group receiving no hormone
therapy, the more severely burned, compli-
cated cases tended to have lower blood val-
ues and higher urinary excretion than the
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10 PATIENTS RECEIVING ACTH AND
CORTISONE-45% OR MORE OF

10% 't,^BODY SURFACE BURNED

4ill1\e \ *
__-e- D IED

05 1 \@ GOOD RECOVERY6& 9F\ '-X*SLOW CONVALESCENCE

rolt j I z --- NORMAL RANGE

I.F,

5- 7-D.^
K

g < - Df

4W 6.t G It -/

POST-BURN DAY

FIG. 3. The patients in this group received cortisone in most instances from the first tofifth post-burn day, and ACTH in most instances from the second to sixth day. Patient R. 0.(10) died on the ninth day, and patient F. W. (8) died on the fifteenth day. Both had veryhigh blood corticoid levels. Patient W. H. (1) was the most severely burned surviving patientin this group (65 per cent total, 30 per cent third degree), and with patient D. S. (3) repre-sented the only significant third degree bums among the survivors.

severely burned patients who had largely
second degree burns and recovered rapidly.

It may also be noted (Fig. 5) that the
severely burned patients who received no
hormone therapy continued to show ele-
vated urinary corticoid excretion as long as
two weeks after the burn.

It was not uncommon to note that plasma
levels (free corticosteroids) were high,
while urinary corticoid excretion (largely
conjugated) was low (Fig. 8). A better
idea of the over-all corticoid patterns in
burns will undoubtedly be achieved when
blood conjugates are measured as well.

SECONDARY TRAUMA IN THE CONVALESCENT

PERIOD

Sixteen patients had skin grafting proce-
dures in the convalescent period. Most of
these operations represented minor trauma.

Blood steroids were not obtained until 24
to 48 hours after the operative procedure,
and by this time the values, if they had
been elevated, had returned to their preop-
erative levels. The one exception to this was
patient J. C., who still had a blood level of
57 gamma per cent the morning after a

skin grafting procedure.
Of the 16 patients who were subjected to

grafting, eight were operated upon after
urine collections had been stopped, or were
incomplete for some other reason. Of the
eight patients in whom measurements were
made, urinary corticoid excretion was ele-
vated for 24 hours postoperatively in six
patients, and was not elevated in two. One
of the patients, H. P., who failed to show
an elevated urinary corticoid secretion fol-
lowing the skin graft, was in relatively poor
condition with a 68 per cent burn, of which
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FIG. 4. Patients in this group received cortisone and ACTH in the immediate post-burn

phase, tapering off by the sixth post-bum day. Almost all values are within the normal range.

PATIENTS NOT RECEIVING CORTISONE OR ACTH

OVER 45i BURN c
SLOW CONVALESCENCE

*H.P. LIMITS OF

I* 6. L. - NORMAL
I s.W.

NOST4UR 5 6 7 8 9 11 12 13POST ONUR 14 N 4
DAY

FIG. 5. Urinary corticosteroid secretion from the
explanation.

fourth to fifteenth day. See text for

30 per cent was third degree. He had a show a response to a skin graft on the
tracheotomy and septicemia. He failed to twenty-seventh day. The second patient had
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PATIENTS WITH BURNS OF LESS THAN 45% OF THE

POSTBURN 4 5 6 7 S 9 1 0 12 13 14 15 4 5 6 7 8 9 10 II 12 13 14 15
DAY

FIG. 6. Urinary corticosteroid secretion from the fourth to fifteenth daty. See text for
explanation.

PATIENTS RECEIVING CORTISONE AND ACTH
URINARY

17-HYDROXY-
CORTICOIDS
.0d40

4

25

0t
POST BURN

DAY

FiG. 7. Urinary
explanation.

OVER 45% BURN WITH
FATAL OUTCOME

o Ro. - -LIMTS
*.F.W. --NOMAL

4 c 67ortiostroi se fo the

Z corticosteroid secretion from the

OVER 45% BURN WITH
MODERATE AMOUJNT THIRD
DEGREE, AND SLOW
RECOVERY

0 D.S. - LIMITS
W.H. ----NORMAL

fourth to fifteenth day. See text for
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PATIENTS RECEIVING CORTISONE AND ACTH
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FIG. 8. Urinary corticosteroid secretion fr(
explanation.

a very minor operative trauma. Values for
urinary corticoid excretion for three patients
operated on in the convalescent period are

shown in Figure 9.

BLOOD AND URINARY ELECGOLYTES

Blood and urinary sodium and potassium
values were obtained in 22 of the 26 pa-
tients. Only three of the 22 failed to show
two or more elevated blood sodium levels
(above 147 mEq per liter). Three of the
eight patients in the group who did not re-

ceive ACTH had two or more values over
152 mEq per liter. Six of the 14 patients
in the group who received ACTH had two
or more values over 152 mEq per liter.
Seven of the nine patients showing marked
hypernatremia had elevated blood or uri-
nary corticoid levels during the period of
hypernatremia.
The high blood sodium levels were prob-

ably due in part to fairly high levels of

OVER 45% BURN WITH GOOD

RECOVERY

0 * J.L
'G.R. -----LIMITS OF

I* O.K. - NORMAL

a* D.
(URINARY 17-OH)

--I I-1' 'rIiERllIijIitiL

I4

I
I 11

1tI

111

I

I I II Ihil 1il a
5 6 7 8 9 10 11 12 13 14 15

fourth to fifteenth day. See text for

intravenous saline administration coupled
with the fact that the skin exudative losses
were small due to the largely second degree
character of the wounds, and the use of
open treatment, which kept the wounds
relatively dry. The insensible water losses
were unduly large as a consequence of the
very hot weather. These factors combined
to produce dehydration, plus a relatively
large intake of sodium with minimal sodium
losses. The increased secretion of adrenal
cortical hormones probably played a part
in the sodium retention as well. The blood
sodium levels in the nine patients with the
greatest degree of hypernatremia are shown
in Table IV. Urinary sodium excretion, burn
per cent, blood corticoid values, and uri-
nary corticoid excretion are also shown.
An attempt was made to see if any corre-

lation could be established between the
blood corticoid levels and the severity of
the burn. It has already been shown in Fig-
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1T,-11'I)IAONXYCOBiTIC(-)S'T'ER)ID) IN \lPATIENTS \\WITHIl'RNS

Fic.. 9. Patienit WV. H. hald a 6.5 per cent total burn with :30 per cent third degree. Ile
re ceived cortisone the first to fiftlh day, iand ACTI- the secoind to sixth day. On two occasionsafter the burn he had skin graftinig procedures hichl were followved by'significant increases
in urinary, corticoid excretion for a period of 24 lhouirs. Patient WV. Jo. had a 15 per cent totalburn Nith 3 per cent third degree. An increase in corticoid excretion follow ed a skin graftingprocedure on the tw elfth day. Patient L. G. ( 66 per -ent total. 5 per cenlt third clegree)received cortisone the first to fifth day and ACTII the second to sixtlh day. lie -was in goodgeneral condition and failed to show corticoid responIse to very iminor g4rafting proce(dture onthe tw enty-seventh day.

tires I to 4 that the patients receiving corti-
sone ancl ACTH tended to have hiighier
peaks of 1)0ood corticoid levels thalIn those
who didc not receive cortisoine and ACTIl.
However, both in the grouip receivin(g
ACTH land that in which ACTH was not
griven, there were soImle patients who showed
blood corticoid levels aboxve the norimtal
range, while otlher-s show -ed sinplv, highl
normal lev-els. A stimmary of the 1lood corti-
coid( determinations is shown in Figuires 1(0
and 11. The patielits were divided inlto the
grouips described b)elow, an(d tleirii average

valtues were plottedl. Oii some days thierIe

inav have beeis a value oin onl oine patienlt
in a group. In Figure 10, average values for
the patients receiving cortisone and ACTH
are shownii. The following curves are

(harted- I ) The highest peak seen in

severely burnied patient who diecl. (The sec-
oncl p1atient who dlied lad hemnoi rlragic
(lestruction of one a(lreI)al, and hence is not
includcled in this (liagralm. ) (2) The next
higlhest v-aluies 'were seen in patients with
over 45i per cent lbo(lv burns, largely second-
legree, associatedI witlh slow convalescence.
(.3) The next higlhest values were seen in
patients wvith over 45 per cent of body sur-
face h)llrned1, largely seconid degre e, -with
groo(d convalescence. (4) The next highest

hiighl normial) values were seen in patients

with oxer- 455 per ceent bturns, with a sigiiifi-
cant anmotnt of third (legriee. (5 ) The
lowest valtues \ere sectI in patients with less
than 45 per cent of the body surface burned.

In Figure 11 the average values for pa-
tients not receiving cortisone orl ACTH are
shown. The followina groiupsc are Plotted.
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22 / PATIENTS RECEIVING ACTH AND
BLOOD 0 CORTISONE

17-HYDROXY-I
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.-. OVER 45% BURN, LARGELY SECOND DEGREE -
SLOW CONVALESCENCE
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FIG. 10. General trends within indicated groups of patients who received cortisone and
ACTH for the first six post-burn days.

PATIENTS NOT RECEIVING ACTH OR
CORTISONE

a---a 45% OR MORE BODY SURFACE BURNED-
GOOD RECOVERY

°- oOVER 45% BODY SURFACE BURNED-
SLOW CONVALESCENCE
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17-HYDROXY-
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Fic. 11. General trends within indicated groups of patients who received no hormonetherapy.
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17-HYDROXYCORTICOSTEROIDS IN PATIENTS WITH BURNS

( 1) Patients with over 45 per cent body
surface burns, largely second degree, asso-
ciated with a good convalescence. These
patients demonstrated the highest values.
(2) Patients with over 45 per cent body
surface burns (two of the three with signifi-
cant amounts of third degree burn) who had
a slow and complicated convalescence. This
group tended to show high normal or

slightly elevated values throughout. (3)
Patients with less than 45 per cent burns.
This group showed the least marked corti-
coid response, and differed from Group 2

in that the corticoid values returned to the
mid-normal range by the sixteenth day,
whereas the patients in Group 2, with more
complicated and severe burns, continued to
show high normal or slightlv elevated
values.

DISCUSSION

In this group of 26 patients studied in the
convalescent period from the fourth to the
fiftieth day after burning, there was no evi-
dence of adrenal failure in the post-burn
period, and no "backswing" of hypoadrenal-
ism during this time. On the contrary, the
patients showed increased adrenal cortical
activity lasting as long as the sixteenth to
the seventeenth post-burn day. Following
this period of increased activity, the blood
and urinary corticoid levels returned to nor-

mal, but not subnormal, values. The patients
with prolonged convalescence tended to
show somewhat higher values again as com-

plications developed in the late convalescent
period.

It was possible for the adrenal to respond
normally both to exogenously administered
ACTH and to trauima in the post-bturn
period.
A period of diuresis on the first to the

third post-burn day occurred in eight of the
patients, and was probably related to a large
intake of fluid immediately after the burn.
It was of interest, however, that all of the
patients showing this diuresis were receiv-
ing Cortisone and ACTH.

Two patients died while the study was
under way. Both these patients had received
cortisone and ACTH, and both had very
high blood corticoid levels at the time of
death. This was apparently due terminally
to dehydration and diminished urinary out-
put, and it may also have been due in part to
impaired hepatic function leading to de-
creased conjugation of the blood corticoids,
and therefore higher values of the free 17-
hydroxycorticoids. All of the patients in the
study had reversed A/G ratios for periods of
time varying between ten and 50 days after
the burn. Three of the most severely burned
patients still showed reversal of the A/G
ratio at the time of the last determination 50
days after the burn. This degree of hepatic
damage could certainly in part account for
the elevated levels of free blood corticoids.
It would not, however, account for the in-
creased urinary excretion of corticoids, be-
cause the corticoids are largely conjugated
before they are excreted. Even the most
severely burned and the sickest patients,
including the two who died, had initially,
marked elevation of the 24 hour urinary
corticoid excretion. It is likely, therefore,
that failure of the liver to conjugate blood
corticoids, except perhaps in the very termi-
nal stages, could not alone account for the
high levels of free blood corticoids which
were observed. Thus it would seem that
there must actually have been increased
production of 17-hydroxycorticoids by the
adrenal.
The most interesting point for speculation

concerns the difference noted in blood and
urinary corticoid values between those se-

verely burned patients who died, and those
who survived (Table III). The patients in
category 3 were severely burned, very sick
patients. Two received cortisone and ACTH,
two did not. All had elevated urinary corti-
coid excretion and high normal blood cor-

ticoid values. The two patients who died
both received cortisone and ACTH, and
both had much higher blood corticoid levels
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and urinary corticoid excretion than the
severely burned patients who survived.
There is no definite experimental evidence
to show that peripheral utilization of corti-
coids by injured tissues occurs. If this were
the case one might postulate that a failure
of utilization had occurred in the fatally
burned patients, leading to very high accu-
mulations of blood corticoids and excessive
urinary excretion of these substances.
Another possible explanation is that the

fatally injured patient who is in and out of
shock may release some humoral substance
that potentiates the effect of ACTH on the
adrenal, leading to marked increases in ste-
roid production above that normally seen

in trauma alone. There is some experimental
evidence to indicate that there may be a po-

tentiation of adrenal response in oligemic
shock, apparently on the basis of increased
adrenal sensitivity to ACTH under these
circumstances.4' 5 No final explanation for
the observations made in these patients is
yet available, however. One can at least feel
confident that their demise was not a conse-

quence of insufficient adrenal secretion.
Blood and urinary corticosteroid determi-

nations were not begun until the fourth day
after the burn. By this time corticosteroid
levels in patients having major operative
procedures have usually returned to normal.
By contrast, patients having severe burns
may continue to show elevated blood
levels into the third week after the burn.
Later in the convalescent period the pa-

tients with significant third degree burns,
and other patients who develop complica-
tions, tend to have blood corticoid levels
which are elevated above those seen in
patients making good recoveries. The mean

blood corticosteroid level for the fifth to
twentieth post burn day in patients with
over 45 per cent body surface burns who re-

ceived no cortisone or ACTH was 26.1 mi-
crograms per cent (range 18 to 35). The
mean level for those patients with less than
45 per cent of the body surface burned was

18.7 micrograms per cent (range 8 to 34).

The mean level in the normal young male is
12 micrograms per cent.1
The mean urinary corticosteroid excretion

for the fourth to sixteenth day in patients
with 45 per cent or more body surface
burned who received no cortisone or ACTH
was 15.5 mg./24 hours (range 13.6 to 18.8).
The mean excretion in those patients with
less than 45 per cent burns was 8.3 mg./24
hours (range 4.8 to 13.1). The mean excre-
tion in the normal young male is 5.3 mg./24
hours.8 These figures suggest that a burn of
45 per cent of the body surface represents
a very severe trauma, and that adrenal corti-
cal secretion persists at high levels for quite
a long time.

SUMMARY AND CONCLUSIONS

1. Plasma 17-hydroxycorticosteroids were
measured in 26 severely burned patients
from the fourth to the fiftieth post-burn
day, and urinary 17-hydroxycorticosteroids
from the fourth to the thirty-first day.

2. There was no evidence of adrenal fail-
ure in any patient during the period studied.
No "backswing" of depressed adrenal func-
tion occurred.

3. These patients demonstrated increased
adrenal activity lasting as long as 16 to 17
days after the burn. Following this, blood
and urinary corticoid levels returned to
the normal range, where they remained in
patients with uncomplicated courses. In
patients who developed complications in
the convalescent period secondary activa-
tion of adrenal secretion was noted.

4. The adrenal was capable of respond-
ing to exogenous ACTH in the post-buirn
period.

5. The pituitary-adrenal mechanism was

capable of responding with increased ac-

tivity to operative trauma in the post-burn
period in six of eight patients.

6. Two of the patients died during the
study. Both of these patients had received
cortisone and ACTH. One died on the ninth
and one on the fifteenth post-burn day. Both
had extremnelv high blood corticoid levels
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persisting up to the time of death, and high
levels of urinary corticoid excretion as well.

7. Fourteen of the 26 patients received
cortisone therapy, in most instances from
the first to the fifth post-burn day, and
ACTH therapy, in most instances from the
second to the sixth post-burn day. Twelve
of the patients received no hormone ther-
apy. In both of these groups of patients
those who had greater than 45 per cent of
the body surface burned tended to show
higher blood levels of corticoids than those
in whom less than 45 per cent of the body
surface was burned. The patients with more
than 45 per cent of the body surface burned,
and who did not receive ACTH or cortisone,
also tended to show a greater excretion of
urinary corticosteroids than those with less
extensive burns.

8. Both blood corticoid levels and 24
hour urinary corticoid excretion were ele-
vated in the convalescent post-burn period.
It would seem, therefore, that there had
been an increased production of corticoids
by the adrenal during this period, and that
a burn represents a very prolonged stimulus
to the hypothalamic-pituitary-adrenal cor-
tical mechanism.

BIBLIOGRAPHY
1 Bliss, E. L., A. A. Sandberg, D. H. Nelson, and

K. Eik-Nes: Normal levels of 17-hydroxycor-
ticosteroids in the peripheral blood of man.
J. Clin. Invest., 32: 818, 1953.

2 Evans, E. I., and W. J. H. Butterfield: The
Stress Response in the Severely Burned. Ann.
Surg., 134: 588, 1951.

Glenn, E. M., and D. H. Nelson: A Chemical
Method for the determination of 17-Hydroxy-
corticosteroids and 17-Ketosteroids in Urine
Following Hydrolysis with B-glucuronidase. J.
Clin. Endocrinol. & Metab., 13: 911, 1953.

4 Hume, D. M., and D. H. Nelson: Coirticoid Out-
put in Adrenal Venous Blood of the Intact
Dog. Fed. Proc., 13: 73, 1954.

5 : Adrenal Cortical Function in Sur-
gical Shock. Surgical Forum, Clinical Con-
gress of the American College of Surgeons.
1954. Vol. V, W. B. Saunders & Co., Phila-
delphia, 1955; pp. 568-575.

6 Moore, F. D. R. W. Steenburg, M. R. Ball, G. M.
WVilson and J. A. Myrden: Studies in Surgical
Endocrinology. Ann. Surg., 141: 145, 1955.

7 Nelson, D. H., and L. T. Samuels: A Method for
the Determination of 17 Hydroxycorticoste-
rone in the Peripheral Circulation. J. Clin.
Endocrinol. & Metab., 12: 519, 1952.

8 Sandberg, A. A., D. H. Nelson, E. M. Glenn,
F. H. Tyler, and L. T. Samuels: 17-hydroxy-
corticosteroids and 17-ketosteroids in Urine
of Human Subjects: Clinical Application of
a Method Employing 1-glucuronidase hy-
drolysis. J. Clin. Endocrinol. and Metab., 13:
1445, 1953.

WXVight, Ann, J. W. Baker, W. R. Merrington and
0. Cope: The Ebb and Flood of the Eosino-
phils in the Burned Patient and Their Uses in
the Clinical Management. Ann. Surg., 137:
175, 1953.

10 Vilson, H., J. R. Lovelace and J. D. Hardy: The
Adrenocortical Response to Extensive Bums
in Man. Ann. Surg., 141: 175, 1955.

e3nV7


