
The Effect of Surgical Operation on the Adrenocortical
Response to ACTH '

RUSSELL A. ESTABROOKS, M.D., LEON J. MIARKS, M.D., JOHN C. LONERGAN, M.D.,
JOHN F. MURTAUGH, M.D., VERNON E. STROBL, M.D.

From the Department of Surgery and the Steroid Research Laboratory,
Boston Veterans Administration Hospital, Boston, Mlass.

IN PRENVIOUS PAPERS of this series it vas
demonstrated that free plasma 17-hydroxy-
corticosteroid levels increase promptly in
response to major operations and that these
steroid elevations are in part mediated by
extra-adrenal factors.8, 12 Sandberg et al.
observed that the administration of ACTH
during the immediate postoperative period
resulted in a further rise in free plasma 17-
hydroxycorticosteroids regardless of the
level of these steroids at the end of the sur-
gical procedure.'6 Steenburg et al. demon-
strated that free plasma 17-hydroxycorti-
costeroids rose higher in response to
postoperative infusions of ACTH than to
identical preoperative ACTH infusions.18
These observations suggested the impor-
tance of evaluating the effects of varying
doses of ACTH on the plasma levels of free
and of conjugated 17-hydroxycorticosteroids
both preoperatively and at different intervals
postoperatively. In this report data dealing
with these aspects of the effect of operation
on the adrenal cortex will be presented.

Materials and Methods

Twenty-one male patients, ranging in age
from 26 to 85 years, were selected. No pa-
tient had clinical evidence of liver disease.
All major operations were performed under

either ether or cyclopropane anesthesia.
ACTH was administered intravenously in
isotonic saline solution at the rate of either
0.25 I.U. per hour or 5.0 I.U. per hour for
periods of two or of four hours. These
ACTH infusions were performed three to
ten days preoperatively and repeated either
one hour postoperatively or during the first
three postoperative days. Venous blood
samples were collected before and at one,
two, three, and four hours after the infusion
was started.

In an additional ten preoperative surgical
patients without liver disease, two succes-
sive daily six-hour infusions of 30 I.U. of
ACTH were administered. In five of these
patients, 40 LU. of Zinc-ACTH * were in-
jected intramuscularly at the completion cf
the first ACTH infusion. Samples of venous
blood were drawn before and at two, four,
and six hours after the beginning of the
infusion.

All infusion studies were made with
Armour ACTH. Plasma free 17-hydroxy-
corticosteroids (17-OHCS) were measured
by a modification of the method of Nelson
and Samuels.'4 Plasma conjugated 17-hy-
droxycorticosteroids (17-OHCS) were de-
termined by a modification of the method
of Bongiovanni et al.1

Cortrophin-Zinc, Organon, Inc., Orange, New
Jersey.

* Submitted for publication December 30,
1958.
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TABLE 1. Effecl of Maximal Dose ACTH Infusions on Free Plasma 17-OHCS Leveels

Preoperative Postoperative

Duration Hours Hours
of

Infusion, 1 2 3 4 Hours 1 2 3 4
Case No.* Hours Control aY/100 ml. Postop.t Control y/100 ml.

1) L. A., 37
Gb, Ch

2) W. A., 47
H. H., T. H.

3) R. S., 26
Gb, Ch

4) P. S., 64
Gb, Ch

5) S. H., 85
Gb, Ch

6) W. F., 59
CaC, C.R.
Mean (1-6)

7) J. C., 37
M.T.P., P.R.

8) W. M., 66
D.U., V.

9) J. M., 48
D.U., G.R.

10) A. T., 45
D.U., G.R.

II) R. K., 42
CaC, C.R.

12) C. J., 68
CaC, C.R.

13) F. S., 36
Gb, Ch

14) T. C., 59
D.C., C.R.

15) R. L., 48
CaL, L.R.N.

Mean (10-15)

2 17

2 21

2 18

2 15

2 19

2 22

18.

2 15

2 11

2 9

28 34 39 31

29 31 40 32

24 29 28 23

25 32 33 24

35 45 51 46

32 38 34 25

7 28.8 34.8 37.5 30.2

24 32 30 25

21 26 33 22

23 32 25 12

4 17 25 29 33 37

4 16 28 36 37 39

4 22 33 39 48

4 19 29 35 42 40

4 13 24 31 29 33

4 18 27 34 41 45

17.5 27.7 34.0 36.4 40.3

1 39

1 31

1 42

1 56

1 44

1 51

43.

24 19

24 20

72 11

46 51 59 56

38 40 42 35

51 61 54 44

67 75 70 65

62 68 73 81

63 72 66 57

8 54.5 61.2 60.7 56.3

34 43 39 30

37 55 44 27

26 35 29 15

24 20 34 40 49 56

24 32 46 49 59 58

24 26 38 48 53 52

24 35 53 57 55 57

48 24 41 57 60 64

48 21 45 56 57 56

26.3 42.8 51.2 55.5 57.2

* The data after each case number refer to the patient's initials and age. See key to the abbreviations for diag-
nosis and operation.

t Time postoperatively at which ACTH infusion was commenced.
Patients 1-9 received 10 I.U. of ACTH. Patients 10-15 received 20 IU. of ACTH.

Results
1. Effect of ACTH Infusions on Plasma

17-Hydroxycorticosteroids both Pre-
operatively and at Varying Intervals
Postoperatively.

The free plasma 17-OHCS levels for pa-

tients who received infusions of five units
of ACTH per hour for two hours and for
four hours, both preoperatively and post-

operatively, are presented in Table 1. The
corresponding values for plasma 17-OHCS
conjugates are recorded in Table 2. The
free plasma 17-OHCS values for patients
receiving a four hour infusion of one unit
of ACTH, both preoperatively and postop-
eratively, are seen in Table 3.

a) The two-hour infusion of ten units of
ACTH preoperatively resulted in maximal
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TABLE 2. Effect of Mlaximal Dose A CTHI Infiusions on Conjutgated Plasma 17-OHCS Lev,els

Preoperative Postoperative

Duration Hours Hours
of -

Case Infusion, 2 4 Hours 2 4
No.* Hours Control -y/100 ml. Postop.t Control -y/100 ml.

1) L. A. 2 14 18 23 1 27 31 36
2) W. A. 2 10 15 21 1 24 32 38
3) R. S. 2 20 23 30 1 21 25 29
4) P. S. 2 17 24 28 1 16 21 25
5) S. H. 2 25 30 38 1 36 42 49
6) W. F. 2 6 11 15 1 35 40 47

Mean (1-6) 15.3 20.2 25.8 26.5 31.8 37.3

7) J.C. 2 21 29 24 31 40
8) W. AI. 2 9 18 24 13 23
9) J. M. 2 16 25 72 15 26

10) A. T. 4 15 23 24 17 29
11)R.K. 4 6 17 24 13 25
12) C.J. 4 8 20 24 15 26
13) F. S. 4 25 34 24 32 43
14) T. C. 4 18 27 48 23 34
15) R. L. 4 13 23 48 16 27

Mean (10-15) 14.2 24.0 19.3 30.7

* The data after each case number refer to the patient's initials and age.
t Time postoperatively at which ACTH infusion was commenced.

free plasma 17-OHCS levels at two to three
hours (Table 1). By the fourth hour, free
plasma steroids had fallen from their peak
value. There was a progressive increase in
conjugated plasma 17-OHCS levels in re-
sponse to ACTH (Table 2). In the imme-
diate postoperative period a similar pattern
in the response of both the free and con-
jugated plasma 17-OCHS to ACTH was
observed despite the fact that the postop-
erative pre-ACTH steroid levels were al-
ready markedly elevated (Fig. 1). Two
patients who received ten units of ACTH
24 hours postoperatively developed higher
values of both free and conjugated plasma
17-OHCS than they did preoperatively.
b) The four hour infusion of 20 units of

ACTH resulted in a progressive increase in
both free and conjugated plasma 17-OHCS
preoperatively (Tables 1, 2). Identical
ACTH infusions administered on the first

or second postoperative day produced even
higher levels of plasma steroids (Fig. 2).
In several patients the peak free plasma 17-
OHCS values were reached more rapidly
postoperatively.

c) One unit of ACTH administered over
a four hour period was capable of evoking
a significant elevation in free plasma 17-
OCHS preoperatively (Table 3). In the im-
mediate postoperative pericd, three pa-
tients demonstrated moderate rises in
plasma 17-OHCS levels in response to
ACTH. It is difficult to interpret the small
rise in free plasma steroid observed in pa-
tient P.C. because of the natural tendency
of free plasma 17-OHCS to rise during the
first twelve hours postoperatively.8 16 In
two patients, free plasma 17-OHCS attained
moderately higher values in response to 1
unit of ACTH 24 hours postoperatively than
preoperatively.



ESTABROOKS, ET. AL. Annals of Surgery
November 1959

TABLE 3. Effect of Small Dose ACTH Infusions on Free Plasma 17-OHCS Levels

Preoperative Postoperative

Duration Hours Hours
of

Infusion, 1 2 3 4 Hours 1 2 3 4
Case No.* Hours Control -Y/100 ml. Postop.t Control Y/100 ml.

1) W.O.,30 4 19 27 33 29 28 1 47 57 62 59 57
D.U., G.R.

2)P. D., 69 4 18 23 27 35 32 1 35 37 46 45 47
A.A., A.D.

3) P. C., 33 4 20 26 28 30 33 1 42 41 45 44 48
E.B., B.R.

4) M. G., 32 4 15 21 22 24 27 1 29 34 37 41 42
Tb, L.

Mean (1-4) 18 24.3 27.5 29.5 30 38.3 42.3 47.5 47.3 48.5

5) M. R., 67 4 19 24 28 33 31 24 26 33 38 41 40
CaL, L.R.N.

6) A. R., 61 4 23 28 31 34 32 24 28 35 39 44 45
A.O., A.E.

* The data after each case number refer to the patient's initials and age. See key to the abbreviations for diag-
nosis and operation.

t Time postoperatively at which ACTH infusion was commenced.
All patients received 1 I.U. of ACTH intravenously over a four hour period.

FIG. 1. Re-
sponse of free
and conjugated
plasma 17-
OHCS levels to
10 I.U. ACTH
intravenously
both preopera-
tively and im-
mediately fol-
lowing major
surgery.
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FIG. 2. Re-
sponse of free
and conjugated
plasma 17-
OHCS levels to
20 I.U. ACTH
intravenously
both preopera-
tively and on
the second post-
operative day.
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2. Effect of Repeated Daily ACTH In-
fusions on Plasma 17-Hydroxycorticos-
teroids.

In order to evaluate the effect of the
repeated administration of conventional
ACTH on adrenocortical responsiveness,
two daily six hour infusions of 30 units of
ACTH were given to ten preoperative sur-

gical patients who were free from liver dis-
ease. Five of these patients also received 40
units of Zinc-ACTH intramuscularly at the
completion of the first infusion. The results
of this study are presented in Tables 4
and 5.
During the first ACTH infusion, a pro-

gressive rise in both free and conjugated
plasma 17-OHCS was observed over a six
hour period. Higher levels of plasma ster-
oids in response to ACTH were observed
on the second day (Fig. 3). It is of interest
that the five subjects who received Zinc-
ACTH also on the first day developed
higher free and conjugated plasma 17-
OHCS values in response to the second in-

fusion of ACTH than did
patients.

the other five

3. Direct Measurement of Adrenal 17-
Hydroxycorticosteroid Output During
Operation.

In a 34-year-old patient who underwent
a left nephrectomy for chronic pyelone-
phritis and hypertension, a direct measure-

ment of adrenocortical secretion of 17-
OHCS was performed during operation.
Following removal of the left kidney, the
left adrenal vein was cannulated with a

polyethylene catheter. Two blood samples
were obtained and adrenal blood flow was

estimated. Then 10 units of ACTH were

injected intravenously over a one minute
period. Ten to 15 minutes following com-

pletion of the ACTH injection two further
samples of adrenal vein blood were col-
lected. The results of this study are pre-

sented in Table 6.
During operation, the concentration of

free 17-OHCS was 734y per cent and 69y
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T1ABLE 4. Effect of Repeated M1aximal Dose ACTH Infuisions on Free Plasmia 17-OIICS Levels

Day I Day 2
Hours Hours

2 4 6 2 4 6
Case No.* Control y/100 ml. Control -y/100 ml.

1) A. G., 63 25 39 48 56 27 42 51 58
CaM

2) D. K., 56 16 33 37 42 15 40 47 55
V.V.

3) R. S., 65 22 36 43 50 24 46 52 59
CaP

4)T.R.,42 11 27 36 39 12 37 49 50
I.H.

5) R. D., 36 21 34 39 46 19 39 43 49
D.U.

Mean (1-5) 19 33.8 40.6 46.6 19.4 40.8 48.4 54.2

6) F. W., 31t 19 31 36 41 18 38 52 58
C.O.T.

7) J.C.,41t 15 28 35 34 15 37 50 53
T.U.L.

8) N. S., 30t 20 37 41 49 30 48 53 61
D.F.

9) T. O., 48t 18 34 38 45 29 45 49 52
I.H.

10) M. M., 65t 17 31 49 58 19 47 60 69
CaS

Mean (6-10) 17.8 32.2 39.8 45.4 22.2 43.0 52.8 58.6

* The data after each case number refer to the patient's initials and age. See key to the abbreviations for
diagnosis.

t Patients 6-10 received 40 I.U. of Zinc-ACTH intramuscularly at the termination of the first ACTH infusion.
All patients received 30 I.U. of ACTH intravenously over a six hour period on two consecutive days.

per cent in adrenal and peripheral venous
plasma, respectively. The adrenal output of
free 17-OHCS was 74y per minute. Follow-
ing administration of ACTH there was no

significant change in either the adrenal out-
put or the peripheral venous concentration
of 17-OHCS. These results imply that this
patient's left adrenal cortex was being max-

imally stimulated at the time of this study.

Discussion
From the data presented in this study it

appears that major operations result in
alterations in the adrenocortical capacity to
respond to exogenous conventional ACTH.
These results are in agreement with the
previous studies of Sandberg et al.16 and

Steenburg et al.1s The adrenocortical re-

sponse to surgical trauma in animals has
been shown to be dependent upon the
integrity of both the hypothalamus and
the anterior pituitary lobe.4 7 11 Hume and
Nelson assayed blood taken from dogs,
anesthetized with ether, during operation
and found elevated levels of circulating
ACTH. 13 The reaction time of the anterior
pituitary with respect to ACTH secretion
in response to operation in anesthetized rats
is believed to be a matter of seconds." The
measurement of 17-OHCS in the adrenal
venous blood of dogs has revealed an im-
mediate increase in adrenocortical secretion
in response to either ether anesthesia and/
or surgical trauma." G The administration

946
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T'ABLE 5. Elffect of Repeated MIaximiial Dose ACTH Infuisions on Conjuigated Plasmna 17-01C'S

Day 1 Day 2
Hours Hours

Case 4 6 4 6
No.* Control -y/100 ml. Control -y/lOO ml.

1) A. G. 14 23 28 16 23 29
2) D. K. 21 32 37 21 34 40
3) 1R. S. 10 20 29 12 23 33
4) T. R. 13 22 30 14 25 32

Mean (1-4) 14.5 24.3 31.0 15.8 26.3 33.5

6) F. V.t 10 19 25 14 22 32
7) J.C.t 16 24 29 20 31 36
8) N. S.t 21 31 34 26 36 43
9) T. O.t 17 27 28 23 32 37

10) m. m.t 13 25 36 18 33 45

Mean (6-10) 15.4 25.2 30.4 20.2 30.8 38.6

* The data after each case number refer to the patient's initials and age.
t Patients 6-10 received 40 I.U. of Zinc-ACTH intramuscularly at the termination of the first ACTH infusion.
All patients receivecl 30 IU. of ACTH intravenously over a six hour period on two consecutive days.
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of large doses of ACTH to these animals
during operation did not necessarily in-
crease adrenal 17-OHCS output.5 Follow-
ing operation and recovery from anesthesia,
adrenocortical secretion diminished.5
The inability of exogenous ACTH to in-

crease the adrenal output of 17-OHCS dur-
ing surgery in our patient is in agreement
with the concept that surgical operation
performed under general ether anesthesia
may be a maximal adrenocortical stimulus
in man. We do not mean to imply that all
surgical procedures are capable of maximal
adrenocortical stimulation. Minor opera-
tions are known to result in less intense
adrenocortical activation, particularly those
performed under spinal anesthesia.2o

All of our "immediate" postoperative
ACTH studies were commenced one hour
postoperatively and were continued for
four hours. During this time the patients
had fully recovered from anesthesia and
were in good general condition. The ob-
servation that the infusion of exogenous
ACTH during this period resulted in a fur-
ther increase in already markedly elevated
plasma 17-OHCS levels indicated that the
adrenal glands of these patients were cap-

able of further stimulation by ACTH.
The height to which free plasma 17-

OHCS values may rise during the imme-
diate postoperative periods depends not
only on adrenocortical secretion but also
upon peripheral and hepatic utilization of
circulating steroid.2 3 '7 Murray et al. ad-
ministered standard infusions of cortisol to
patients both preoperatively and postopera-
tively, and measured the rate of disappear-
ance of free 17-OHCS from plasma.12 Im-
paired removal of infused cortisol was

observed during the immediate postopera-
tive period in patients undergoing major
surgical procedures. Tyler and associates
have presented convincing evidence that
impaired hepatic removal of free plasma
17-OHCS may be an important factor in
maintaining an elevated 17-OHCS level in
the immediate postoperative period.19

Annals of Surgery
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TABLE 6. Adrenal and Peripheral Venous Concentration
and Left Adrenal Output of 17-OHCS During

Surgery, Before and After ACTH
Administration

Free Plasma 17-OHCS

Adrenal Vein Pe;ipheral Vein

Conc. Outputt Conc.
-y/100 ml. y/min. aY/100 ml.

Pre-ACTH
Period 1 734 74 69
Period 2 698 71

Post-ACTHt
Period 1 750 76
Period 2 724 73 71

t Calculation is based on assumption that 10 per cent
of the free 17-OHCS in adrenal venous blood is present
in the red blood cells.'0

t Ten units of ACTH were given intravenously over
a one minute interval. Post-ACTH samples were col-
lected 10-15 minutes later.

In our study, the administration of stand-
ard ACTH infusions on either the first, sec-
ond, or third postoperative day resulted in
higher plasma 17-OHCS levels than did
identical preoperative ACTH infusions.
Steenburg et al. observed the persistence of
this phencmenon for as long as ten days
postoperative.18 It is of interest that the
postoperative increase in the adrenocortical
capacity to respond to exogenous ACTH is
not limited to maximal doses of ACTH, for
we demonstrated an enhanced postopera-
tive adrenocortical responsiveness to ACTH
in patients who received infusions of only
1 unit of ACTH over a four hour period.
This postoperative increase in adrenocor-
tical capacity to respond to ACTH may be
related to the fact that frequent administra-
tion of conventional ACTH results in a pro-
gressive enhancement of adrenocortical re-
sponsiveness.'5 Liddle et al. observed that
the repeated injection of conventional
ACTH over a five day period was accom-
panied by a stepwise increase in urinary
17-OHCS excretion.9
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Key to the Abbreviations for Diagnosis and Operation

Gb-gall-bladder disease Ch-cholecystectomy
H.H.-hiatus hernia T.H.-transthoracic herniorrhaphy
CaC-carcinoma of colon C.R.-colon resection

M.T.P.-mixed tumor of parotid P.R.-parotid resection
D.U.-duodenal ulcer V.-vagotomy
D.C.-diverticulitis of colon G.R.-gastric resection
CaL-carcinoma of larynx L., R.N.-laryngectomy and radical neck
A.A.-appendiceal abscess A., D.-appendectomy and drainage
E.B.-emphysematous bleb B.R.-bleb resection
Tb-tuberculoma L.-lobectomy

A.O.-arteriosclerosis obliterans A.E.-aortic endarterectomy

CaM-carcinoma of mouth C.O.T.-chronic osteomyelitis of tibia
V.V.-varicose veins T.U.L.-traumatic ulcer of leg
CaP-carcinoma of pharynx D.F.-deformity of finger
I.H.-inguinal hernia CaS-carcinoma of stomach

It seems logical to assume that a major
surgical procedure in combination with
ether anesthesia may be capable of stim-
ulating the anterior pituitary secretion of
ACTH to a maximal degree. Following op-
eration and recovery from anesthesia, the
presence of painful traumatized tissue in
the postoperative patient may serve as a
persistent submaximal stimulus to pituitary
ACTH secretion. The continued exposure
of the adrenal cortex to minimally elevated
levels of circulating ACTH could render
the adrenal more responsive to exogenous
conventional ACTH.

Indirect evidence for the foreging thesis
is furnished by the results of our studies in
ten preoperative patients who received two
successive daily six hour infusions of ACTH.
Higher values of both free and conjugated
plasma 17-OHCS were observed on the sec-
ond day of ACTH administration. In the
five patients who were given an injection
of long-acting Zinc-ACTH at the cessation
of the first ACTH infusion, even higher
plasma 17-OHCS levels developed in re-
sponse to the second ACTH infusion than
in the other five patients. This observation
suggests that the more prolonged the ex-
posure of the adrenal cortex to increased
circulating levels of ACTH, the greater will
be the increase in adrenocortical capacity
to respond to ACTH.

Summary
1. Free and conjugated plasma 17-hy-

droxycorticosteroids have been measured
following standard infusions of ACTH pre-
operatively and at varying intervals post-
operatively.

2. Major surgical operation, performed
under ether anesthesia, is capable of evok-
ing maximal pituitary-adrenocortical activa-
tion in man.

3. The administration of ACTH imme-
diately following operation usually resulted
in a further rise in plasma 17-hydroxycorti-
costeroid values despite the fact that the
postoperative steroid levels were already
markedly elevated.

4. Following operation, an increase in
adrenocortical capacity to respond to
ACTH has been demonstrated. This phe-
nomenon may last as long as ten days after
operation.

5. The possible relationship of the secre-
tion of endogenous ACTH to these post-
operative alterations in the adrenocortical
capacity to respond to exogenous ACTH is
discussed.
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