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ACTHlevels in human plasma during surgical
stress have not been estimated previously. Much
evidence (1-7) has accumulated, however, con-

cerning variations in adrenal cortical steroids in
plasma during and after surgery. Although an

increase in plasma ACTH with stress has been
noted in animal experiments, it has been suggested
by some investigators that elevation of corticos-
teroids in plasma after surgery is controlled by
changes in hepatic function and concentration of
plasma corticosteroid rather than by a "direct
drive" of ACTHrelease (8, 9).

This study was undertaken to determine the
ACTHcontent of plasma samples obtained from
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patients about to undergo and immediately after
an elective operation. In two patients plasma
ACTHwas determined simultaneously with plasma
corticosteroids.

METHODS

Four females and six males ranging in age from 17 to
79 years were studied. Subjects selected were patients
scheduled to undergo elective surgery at the Los Angeles
County General Hospital.

Four plasma samples were obtained from each patient:
1) in the morning, between 6:30 and 8:30 a.m., before
surgery; 2) 0.5 hour after the end of the operation; 3)
4 hours after the end of the operation; and 4) 24 hours
after the end of the operation.

Fifty-ml blood samples were drawn through an 18-
gauge needle into a syringe which had been previously
rinsed with heparin (5,000 U per ml). The sample was

placed in a tube surrounded by crushed ice and the plasma
was separated within 30 minutes in a refrigerated centri-
fuge. The plasma was quickly frozen to - 200 C for
storage and was thawed just prior to assay.

The plasma samples obtained from the patients were

TABLE I

Patients studied and operations performed

Major anesthetic Duration
Patients Age Sex agent Surgery performed of operation

his
E.D. 58 F Nitrous oxide Abdominoperineal resection 1.75
J.G. 25 M Cyclopropane Thyroidectomy 3.75
A.T. 27 F Nitrous oxide Right colectomy plus resection

of terminal ileum 2.25
J.Bel. 47 M Nitrous oxide Radical resection right mandible

plus right radical neck dissection 3.0
H.A. 79 F Nitrous oxide Cholecystectomy plus common

duct exploration 2.25
B.G. 40 F Nitrous oxide Excisional biopsy left breast 1.25

J.W. 17 M Nitrous oxide Thoracotomy plus biopsy hilar
mass 4.0

J.B. 74 F Cyclopropane Cholecystectomy plus common
duct exploration 3.0

M.W. 63 M Cyclopropane Cholecystectomy plus common
duct exploration 4.0

M.T. 63 F Cyclopropane Exploratory laparotomy plus
biopsy of liver and pancreas 3.0

1599



COLLIN E. COOPERAND DONH. NELSON

TABLE II
ACTHresponses calculated on the basis of a single day's assay

Plasma ACTH

0.5 hr 4 hrs 24 hrs
Patient Preop. P.op. P. op. P. op. Lambda

mU/100 ml plasma mU/100 ml plasma
1. E.D. NS* 3.2 1.0 NS 0.11
2. J.G. NS 1.3 0.6 NS 0.11
3. A.T. NS 0.9 NS 0.7 0.13
4. J.Bel. 0.6 1.5 2.0 NS 0.12
5. H.A. NS 3.6 NS NS 0.12
6. B.G. 0.6 1.2 0.13
7. J.W. NS 4.7 NS NS 0.11
8. J.B. NS NS 0.9 0.8 0.10
9. M.W. 0.9 1.3 1.0 0.8 0.13

10. M.T. NS 1.3 1.1 0.6 0.12

* NS = not significantly different from zero.

assayed by a slight modification of the Lipscomb-Nelson was assayed for corticosterone by the sulfuric acid fluo-
method (10, 11). Male albino rats of the Sprague- rescence method of Silber, Busch and Oslapas (12).
Dawley strain, hypophysectomized for exactly 2 hours, ACTH levels were calculated by comparing corticos-
were used. The rats, which had been under ether anes- terone secretion in the 20-minute collection period after
thesia since hypophysectomy, were given 120 U of sodium injection of 0.03 and 0.06 mUACTH (USP standard
heparin by the left femoral vein. The test sample corticotropin, 1.14 U per mg) with the response to sam-
(whether standard, unknown, or control solution) was ples of patient plasma. Data in press (11) have dem-
then injected into the right femoral vein. It has been onstrated that the response to the log dose is linear up to
shown in this laboratory that excessive animal mortality 0.1 mU. Statistical analysis was based on the procedure
occurs if the volume of injected plasma exceeds 5 ml. followed by Sayers, Sayers and Woodbury (13). Cal-
Therefore, the volume routinely injected was 5 ml, but culation of significance of differences between responses
a smaller volume was used if a high ACTHlevel was ex- to standard and unknown plasma samples was made ac-
pected. The use of a smaller volume of plasma when the cording to Student's t test; p values were obtained by
ACTH level was high prevented the response to the un- using standard tables (14). Values obtained were calcu-
known from exceeding that of the highest standard dose. lated in two ways: 1) the values obtained on one day (an

Left adrenal vein cannulation was performed through average of 18 rats) were treated as a single assay (see
a horizontal abdominal incision by passing a hubless 21- Table II); and 2) all of the responses to control or stand-
gauge needle with polyethylene catheter attached through ard solutions and to patients' plasma samples obtained
the inferior border of the renal vein into the orifice of the during the 2-month period (a total of 178 rats) are
adrenal vein exactly 3 minutes after injection of the grouped together (see Table III).
sample. With the animal thus prepared, bleeding was al- Whenever possible, three rats were used to obtain a
lowed to proceed for exactly 20 minutes. The rat plasma single unknown or standard value. Owing to the death

TABLE III

Corticosterone responses to ACTHby assay animals, with statistical comparison *

Corticosterone Comparison of groups. p values
No. of

Sample rats Mean SE Control 0.03 0.06 Preop. 4 hrs

pg!20 min
Controls 38 0.127 0.013
Standard solution,
0.03 mUACTH(%) 36 0.189 0.015 0.01
Standard solution,
0.06 mUACTH(%) 27 0.722 0.092 0.001 0.001
Preop. 20 0.269 0.058 0.02 NS 0.001
0.5 hr P. op. 20 1.280 0.187 0.001 0.001 0.02 0.001 0.02
4 hrs P. op. 19 0.639 0.175 0.01 0.01 NS 0.05
24 hrs P. op. 18 0.268 0.043 0.01 NS 0.001 NS 0.05

* Grouped results from 10 patients and 178 assay animals.
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FIG. 1. MAXIMUMANDAVERAGEACTHVALUES FOUNDIN PLASMAPREOPERATIVELY

AND AT 0.5, 4, AND 24 HOURSPOSTOPERATIVELYIN THE TEN PATIENTS STUDIED. The
0.6 mUlevel represents the lowest detectable and approximately normal ACTHlevel
in plasma, as measured by the method used.

of the animals during the procedure or to other labora-
tory accidents, this was not always possible. Neverthe-
less, values for each point represent the corticosteroid re-
sponses of at least two rats.

RESULTS

Table I summarizes the data on the patients in
this study according to age, sex, anesthesia, type of
surgery performed, and duration of surgery. All

of the patients had uneventful postoperative re-
coveries except J. Bel., who died on the third post-
operative day.

The ACTHvalues found in plasma at each time
interval for the ten patients are shown in Table II.
The individual values were obtained by reading
from a dose-response line whose slope was deter-
mined on the basis of standards assayed the same
day. The slope of the line and consequently its
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FIG. 2. ACTHAND 17-HYDROXYCORTICOSTEROIDVALUES FOUNDIN PLASMA OF PA-
TIENT 9 PREOPERATIVELYAND AT 0.5, 4, AND 24 HOURSPOSTOPERATIVELY. A small in-
crease in plasma ACTH is accompanied by a marked increase in plasma 17-hydroxy-
corticosteroids.
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FIG. 3. ACTHAND 17-HYDROXYCORTICOSTEROIDVALUES FOUNDIN PLASMAOF PA-
TIENT 10 PREOPERATIVELYANDAT 0.5, 4, AND24 HOURSPOSTOPERATIVELY.

lambda value was computed by the method of
Sayers and co-workers (13).

When all of the results were recorded (as mi-
crograms of corticosterone secreted per 20 min-
utes) and were grouped according to interval (pre-
operative, 0.5 hour, 4, or 24 hours postoperatively)
as tabulated in Table III, it became evident that
there was a statistically significant difference be-
tween the results in those groups which showed
no significant difference in a single day's assay.

Thus, although data obtained from a single day's
assay were insufficient to demonstrate a statistically
significant difference between control responses
and responses to preoperative or postoperative
plasma samples, grouping of the data as shown
indicates such a difference (p = 0.01 to 0.02).
Similarly, the significant increase in plasma ACTH
over preoperative values which occurred at the 0.5-
hour and 4-hour postoperative intervals was sub-
stantiated statistically. The highest level of plasma
ACTHmeasured was found in the immediate post-
operative period, as indicated by the highest out-
put of corticosterone during the 20-minute col-
lection period in the assay animals (Figure 1).

Levels of 17-hydroxycorticosteroids and ACTH
were determined simultaneously on samples of

plasma from two patients (M.W. and M.T.).
These results are depicted in Figures 2 and 3 and
are similar for both patients. The maximum in-
crease in plasma 17-hydroxycorticosteroids and
ACTHoccurred 0.5 hour postoperatively. Despite
the fall of ACTHto control levels, plasma 17-hy-
droxycorticosteroids, although decreased from peak
levels, remained elevated above normal for 24
hours after surgery.

DISCUSSION

Since a method has been available for determin-
ing plasma 17-hydroxycorticosteroids (15), the
levels of plasma adrenocortical hormones during
and after surgery have been determined by many
workers (1-7, 16, 17). Although there are dif-
ferences in individual responses to surgery in
terms of plasma 17-hydroxycorticosteroids as in-
fluenced by duration of surgery, severity of sur-
gery, anesthesia, and postoperative complications,
certain generalizations concerning the magnitude
and duration of elevation of plasma corticosteroids
can be made. After the initial rise and fall with
anesthesia, there is a gradual increase in 17-hy-
droxycorticosteroids during surgery. The rate of
this increase and the eventual magnitude are ob-
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viously dependent upon the above variables. At
the end of surgery, the plasma 17-hydroxycorti-
costeroids remain elevated for a few hours and
then return gradually to normal. Twenty-four
hours after the surgical stress, if no postoperative
complications have supervened, the plasma 17-
hydroxycorticosteroids are usually again normal.

The mechanism (s) responsible for this now well
documented change in plasma steroids is contro-
versial. The importance of the liver in the metab-
olism of the adrenal hormones in the dog, as dem-
onstrated by Nelson and Harding (18), and in
man, as shown shortly thereafter by Tyler and co-
workers (19), is now well documented. Englert,
Brown, Wallach and Simons (20) demonstrated
that even a severely diseased liver was able to con-
jugate steroids but was not able to reduce the A
ring of the steroid molecule. Reduction of the
molecule was shown to precede conjugation.
Acute and transient changes in liver function in
terms of BSP clearance were demonstrated in pa-
tients anesthetized or operated upon, or both, and
it was suggested that levels of 17-hydroxycorticos-
teroids were roughly correlated with reduction
in the liver's ability to clear BSP. A similar ex-
planation for increased plasma corticosteroids in
the rat has been given by Urquhart and Yates and
co-workers (8, 9) who stated that the liver exerted
a controlling influence on adrenocortical function.
Conflicting evidence has been presented as to
whether conjugated steroids actually rise in the
few hours after surgery (5, 7). All authors (5,
7, 21) are agreed that free cortisol increases and
is not handled in a normal manner by the liver,
under the "stress" of surgery. Other studies (22-
24) document the increase of plasma 17-hydroxy-
corticosteroids in other "stressful" situations in
animals as well as in man.

Evidence, based on experiments in animals, is
available to help assess the role of the pituitary in
producing the increase in plasma 17-hydroxycorti-
costeroids after stress. Sayers and Sayers (25)
showed the dependence of the adrenal ascorbic acid
depletion which occurs after stress (cold, heat, his-
tamine, and typhoid) upon an intact pituitary gland
in the rat. Taylor, Albert and Sprague (26),
Paris and co-workers (27), Sayers (28), and
Bethune, Nelson and Thorn (29) have docu-
mented elevated plasma ACTH levels in Addi-

sonian patients but not in normal subjects after
surgery or other stress. These investigators were
unable to detect ACTHin the plasma of normal
subjects. Plasma ACTHis found to be consist-
ently elevated in subjects with untreated Addison's
disease or untreated congenital adrenal hyper-
plasia in whom the plasma 17-hydroxycorticos-
teroid level is markedly diminished or absent.
These elevated ACTH levels disappear when
adrenal steroids are given to the patient (29).
Paris and co-workers (27) recorded elevated
ACTHlevels in a patient with a "pheochromocy-
toma" and in one patient with Cushing's syndrome
due to an adrenal cortical tumor. More re-
cently, an even more pronounced increase in plasma
ACTH has been observed in a number of pa-
tients in whom a pituitary tumor has been found
after adrenalectomy for Cushing's syndrome (30).
Hale and associates (31), using hypoxia or hy-
poxia plus heat as stressors, found that whereas
"certain individuals responded with an increase in
17-hydroxycorticosteroids, there were no changes
in ACTH titer detectable" (ascorbic acid-deple-
tion assay). The subjects tested by Hale were
found to have nondetectable levels of ACTH or
less than 0.5 mUACTHper 100 ml plasma.

From an analysis of the data obtained in this
study, several facts are apparent. The data sug-
gest a mean preoperative ACTH level in plasma
of 0.6 mUper 100 ml for the ten patients. No dif-
ference in ACTHcontent of plasma was detectable
between these ten patients in the preoperative pe-
riod and the "normal" subjects who have been
studied by this technique (32). None of the pre-
operative values exceeded 0.9 mUper 100 ml.

The plasma ACTH was generally at a peak
value in the 0.5-hour sample, but two individuals
had higher values in the 4-hour specimens. In
this respect there is apparent individual variation.
The diurnal variation in plasma ACTH, if any,
remains to be determined. The peak elevation of
plasma ACTHmay occur during or after surgery.
Plasma ACTH appears to return to normal 24
hours after surgery and may return to normal in
some individuals 4 hours after the end of surgery.

Of interest is the apparent lack of function of the
"feedback" mechanism used to describe the con-
trol of ACTHsecretion. In the two patients stud-
ied with simultaneous plasma corticoid and ACTH
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determinations, it can be seen that the plasma
ACTHand the plasma 17-hydroxycorticosteroids
rise and fall together, not reciprocally. The in-
crease in plasma ACTHappears from this study
to be an active process during surgery which is
not suppressed by the observed increase in plasma
corticosteroids. This is in agreement with previ-
ous studies carried out in the dog (33). Although
pituitary output of ACTHwould be easily sup-
pressed in the normal or nonstressed Addisonian
by the plasma levels of cortisol achieved in patients
undergoing the stress of surgery (29), such has
not occurred in these patients, and simultaneously
elevated levels of plasma corticosteroids and
plasma ACTHwere found to be present. The fail-
ure of increased plasma corticosteroids to suppress
the increase in plasma ACTH is indicative of a
direct stimulus to ACTHsecretion rather than a
dependence on variations in blood corticosteroids.

SUMMARY

Ten patients, undergoing elective surgery at the
Los Angeles County General Hospital, had pre-
operative and postoperative blood samples drawn
for determination of plasma ACTH. Plasma 17-
hydroxycorticosteroids were determined on the
same samples in two of these patients.

The plasma ACTHwas determined by a slight
modification of the Lipscomb-Nelson assay, which
involves estimation of corticosterone in the adrenal
venous blood of rats 2 hours after hypophysec-
tomy. The assay as used in this study is described.

All of the plasma ACTHlevels in the preopera-
tive samples were within the "normal" range for
this laboratory. Most of the samples studied 0.5
hour after the operation had elevated levels, which
returned toward normal by 4 hours, and all were
normal by 24 hours postoperatively. As a group,
the ACTHlevels in the preoperative and 24-hour
postoperative plasma samples were indistinguish-
able from each other and equivalent to approxi-
mately 0.6 mUper 100 ml plasma.

The previous evidence for plasma corticoid ele-
vation during surgery, together with suggested
mechanisms, is presented and discussed. An in-
crease in plasma ACTHoccurred coincident with
an elevation in plasma corticosteroids, which under
these circumstances failed to produce a suppression
of plasma ACTH.
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