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ABSTRACT

OBjeCTive: Perioperative pituitary-adrenal responses after major abdominal surgery have not 
been well characterized. The aim of the present study was to further clarify perioperative pitu-
itary-adrenal responses. DeSiGN: Thirty-six patients (20 men), aged 68±10 years (mean±SD), 
undergoing major abdominal operations were studied. Total cortisol (TC), Adrenocorticotropic 
Hormone (ACTH), corticosteroid-binding globulin (CBG), dehydroepiandrosterone (DHeA) 
and its sulphate (DHeAS) were measured preoperatively (PreOp), on the day of surgery (DoS) 
and on the first and second postoperative days (PoD1 and PoD2). The free cortisol index (FCi) 
was also calculated. in addition, patients underwent a low-dose (1 μg) ACTH stimulation test, 
preoperatively and on PoD1, to assess adrenal responsiveness to ACTH. ReSulTS: TC, FCi, 
ACTH and DHeA were increased, while DHeAS and CBG declined on DoS compared to PreOp 
levels. On PoD1, plasma ACTH was lower compared to the preoperative levels, FCi remained 
elevated, DHeA, DHeAS and TC returned to their baseline values, while CBG was still low. 
On PoD2, ACTH and CBG were low and FCi returned to its PreOp levels. Postoperatively, 
stimulated FCi was higher compared to the PreOp value. CONCluSiON: At an early phase 
following major surgery, elevated cortisol is associated with high ACTH. Despite HPA activation 
and a concomitant rise in DHeA levels, DHeAS declines. later on, a remarkable dissociation 
between ACTH (low) and cortisol (high) is observed, which is attributed, at least in part, to 
increased adrenal responsiveness to ACTH.
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vestigated pre- and postoperatively.

SUBJECTS AND METHODS
Patients

This prospective study included all patients un-
dergoing major, elective abdominal surgery over a 
five-month period in a tertiary care academic depart-
ment of surgery. Exclusion criteria were: neutropenia 
(≤500 neutrophils/mm3); HIV infection; periopera-
tive administration of corticosteroids, etomidate and 
dopamine, since the former interfere with HPA axis 
function and the latter suppresses DHEAS levels;7 
history of endocrine disorder; preoperative HPA axis 
dysfunction, defined as preoperative stimulated corti-
sol less than 496 nmol/L after the administration of 1 
μg of synthetic ACTH (low-dose stimulation test);19-23 
and preoperative liver or renal dysfunction, as judged 
by routine laboratory tests. The study was approved 
by the hospital’s Ethics Committee and informed 
consent was obtained from each patient.

During the study period, 36 patients (20 males) 
with a mean  SD age of 68  10 years fulfilled the 
inclusion criteria. All patients were operated on under 
general anesthesia with sevoflurane. The patients 
underwent surgery for abdominal aorta aneurysm 
repair (n=7) or for malignant gastrointestinal tu-
mors [operations included colectomy (n=17), total 
gastrectomy (n=7) and Whipple’s pancreatectomy 
(n=5)]. Median duration of surgery was 150 min 
(range: 60 to 440 min). Overall, four patients died 
due to postoperative complications.

Methods

Baseline blood sampling was performed preopera-
tively (PreOp; 24 h before surgery, at 08:00), on the 
day of surgery (DoS) immediately after the termina-
tion of the operation in the recovery room and on 
the first and second postoperative days (PoD1 and 
PoD2, respectively) at 08:00, to measure TC, ACTH, 
CBG, DHEA and DHEAS. The free cortisol index 
(FCI) was calculated as previously described, i.e. FCI 
= serum TC/CBG.5

Immediately after baseline sampling, patients 
underwent a low-dose stimulation test on two occa-
sions: first, 24 h before surgery; and second, on PoD1. 
Briefly, 1 μg of freshly prepared tetracosactrin 1-24 

INTrODUCTION

Major surgery, like any critical situation, activates 
the hypothalamic-pituitary-adrenal (HPA) axis mainly 
through the secretion of the hypothalamic cortico-
tropin-releasing hormone (CRH). CRH stimulates 
pituitary Adrenocorticotropic Hormone (ACTH), 
which in turn stimulates cortisol production in the 
adrenal cortex.1 In general, the degree and duration 
of hormonal changes after surgery, including HPA 
axis alterations, depend on the severity of the surgical 
trauma.2 In the vast majority of studies investigating 
the stress response to surgery, only total cortisol (TC) 
level was measured; in contrast, little is known about 
free serum cortisol,3-5 which, in fact, is the biologically 
active hormone.6 Furthermore, the mechanisms re-
sponsible for postoperative hypercortisolemia remain 
incompletely understood; in this regard, ACTH-
dependent along with non-ACTH-driven pathways 
have been implicated.7

The adrenal cortex is also the primary source of 
circulating adrenal androgens, such as dehydroe-
piandrosterone (DHEA) and its sulphated ester 
DHEAS. Under normal circumstances, DHEA and 
DHEAS rise in synchrony with cortisol in response to 
ACTH.8 In critically ill patients, however, dissociation 
between DHEAS (low) and cortisol (high) has been 
described.9,10 In fact, the finding of low DHEAS has 
been considered as indicating an exhausted adrenal 
reserve.10 It remains to be elucidated whether DHEA 
administration may be beneficial to critically ill pa-
tients.11 Measurements of DHEA levels, the bioactive 
component of adrenal androgens, have been presented 
in only a limited number of reports in critically ill 
septic patients and the results are controversial.12,13 
Furthermore, DHEA/DHEAS system alterations, 
following major surgery, are variable.14-17

In the present study we aimed to gain a better 
understanding of the HPA axis alterations in pa-
tients undergoing elective, major surgery, with no 
evidence of preoperative HPA axis dysfunction. To 
this end, ACTH, TC, cortisol-binding globulin (CBG), 
DHEA and DHEAS were measured perioperatively. 
The free cortisol index (FCI), reflecting serum free 
cortisol levels,18 was calculated. To further elucidate 
the mechanisms controlling cortisol changes, the 
responsiveness of the adrenal to stimulation with 
exogenously administered synthetic ACTH was in-
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(Synacthene, Novartis, Basel, Switzerland)19-23 was 
injected intravenously and 30 min later a blood sample 
was obtained to measure stimulated cortisol.

Assays

Serum TC was determined by an immunofluoro-
metric assay (Chiron Corporation, East Walpole, 
MA, USA). ACTH was measured by an immunora-
diometric assay (Nichols Institute Diagnostics, San 
Juan Capistrano, CA, USA). DHEA was measured 
by radioimmunoassay (DSL Systems Laboratories, 
Webster Inc., TX, USA). DHEAS was measured 
also by radioimmunoassay (Coat-A-Count, Diag-
nostic Products Corporation, CA, USA). CBG was 
determined by a radioimmunometric assay (DRG 
International, Inc., USA). 

Statistical analysis

Data are presented as mean±SD or 1st quar-
tile/median/3nd quartile. Serial data were analysed 
by repeated measures analysis of variance on ranks 
followed by Tukey’s test for specific comparisons. 
The correlations of TC and CBG were assessed with 
Pearson’s correlation coefficient. The comparison of 
stimulated FCI before and after the operation was 
performed with the signed rank test. A p<0.050 was 
considered statistically significant.

rESULTS

There were significant overall perioperative chang-
es in total cortisol (p=0.005), ACTH (p<0.001), FCI 
(p=0.028) and DHEA (Table 1). Elevation in TC was 
observed only on DoS. CBG levels decreased on DoS 
and remained lower than preoperatively on PoD1 and 
PoD2. On DoS, FCI, ACTH and DHEA increased, 
while DHEAs declined compared to the preoperative 
values. On PoD1, both DHEA and DHEAS returned 
almost to their baseline levels, and FCI remained 
elevated. On PoD2, FCI had returned to its baseline 
values. CBG correlated with TC (r=0.498, p=0.002) 
on DoS, but not on PreOp (r=0.181, p=0.306), PoD1 
(r=0.286, p=0.089) or PoD2 (r=0.079, p=0.649). 
Stimulated FCI to synthetic ACTH on PoD1 was 
higher compared to its preoperative value (p=0.010) 
(Figure 1; Table 2). 

In the 4 patients who died, ACTH, cortisol and 
FCI were higher compared to the other patients on 

PoD1 (data not shown).

DISCUSSION

The present study investigated the perioperative 
HPA axis changes in patients undergoing major 
surgery. Two distinct patterns were noted: during 
the immediate postoperative phase, FCI, ACTH and 
DHEA rose, while DHEAS declined; on PoD1, FCI 
declined but remained higher than preoperative levels, 
whereas ACTH returned to preoperative levels. On 
PoD2, FCI also returned to its preoperative values.  

The HPA axis is activated following major opera-
tions; however, the duration of this activation remains 

Table 1. Descriptive statistics for corticotropin (ACTH), total cortisol, 
cortisol-binding globulin, free cortisol index, dehydroepiandrosterone 
(DHEA) and dehydroepiandrosterone sulphate (DHEAS) preop-
eratively (PreOp), on the day of surgery (DoS) and on postoperative 
days 1 and 2 (PoD1, PoD2). Asterisks denote Tukey’s test p < 0.05 
compared to PreOp values – see text for details; P25/P50/P75: 1st 
quartile/median/3rd quartile. 

Mean±SD P25/P50/P75

ACTH
(pmol/L)

PreOp 3.60±3.43 1.42/2.40/4.31
DoS* 23.16±40.21 1.94/4.29/25.16
PoD1 2.63±2.59 1.29/2.13/2.62
PoD2 1.93±1.76 0.72/1.64/2.24

Total 
Cortisol
(nmol/L)

PreOp 410.94±132.08 302.80/405.57/454.54
DoS* 506.43±297.92 315.90/496.62/645.61
PoD1 452.86±344.48 264.17 /339.36/515.24
PoD2 367.49±156.42 289.69/353.15/402.81

Cortisol 
Binding 
Globulin
(nmol/L)

PreOp 717.51±296.78 536.87/730.15/896.58
DoS* 474.24±181.69 375.81/476.74/568.01
PoD1* 511.65±183.98 407.81/515.40/573.16
PoD2* 1702.91±6806.14 450.97/569.09/631.36

Free 
Cortisol 
Index
(unit-free)

PreOp 0.57±0.45 0.56/0.55/0.51
DoS* 1.07±1.64 0.84/1.04/1.13
PoD1* 0.88±1.87 0.65/0.66/0.91
PoD2 0.73±0.42 0.64/0.62/0.64

DHEA
(nmol/L)

PreOp 190.04±54.62 88.45/150.12/263.99
DoS* 340.88±163.82 139.31/305.13/552.51
PoD1 160.93±56.26 95.43/139.73/199.42
PoD2 171.24±52.39 101.57/155.13/210.66

DHEAS
(μmol/L)

PreOp 2.54±1.91 1.18/2.00/3.53
DoS* 1.77±1.20 0.72/1.59/2.88
PoD1 2.33±1.58 1.39/2.03/2.90
PoD2 2.20±1.34 1.31/2.01/2.72
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controversial. In this regard, some studies suggest 
that hormone levels return to normal within 24 hours 
post-surgery,24 while most indicate that cortisol may 
remain high for up to three days.3,25-27 In humans, 
the liver-derived CBG constitutes the major carrier 
protein for serum cortisol.6,7 Acute exposure to a 
stressor, such as septic shock or trauma, decreases 
serum CBG levels.28 In the face of changing CBG 
levels, it is unlikely that TC accurately reflects HPA 
axis activity. The FCI takes into account CBG altera-
tions and has been found to correlate with serum 
free cortisol.18 By using this index, we found that in 
surgical patients with intact preoperative adrenal 
function, the HPA axis recovers within 24 hours after 
surgery. It remains uncertain whether glucocorticoid-
treated patients need cortisol supplementation or 
their current maintenance dose to tolerate a surgical 
procedure.29 Nevertheless, our results suggest that if 
in such patients perioperative glucocorticoid coverage 

is decided, this should be of a shorter duration than 
previously recommended.30

In most studies on stress response to surgery, only 
cortisol has been measured, despite the fact that 
ACTH, the main regulator of glucocorticoid produc-
tion, also stimulates adrenal androgens.8 In a limited 
number of studies DHEAS in post-surgical patients 
has been reported and noted significant reductions 
in their plasma levels.31,32 The physiological effects 
of DHEAS remain poorly understood; however, it is 
known that normally its blood concentration oscillates 
in parallel to that of cortisol.8 In our study, and in good 
agreement with the published data for other critically 
ill patients,9,10 early after surgery cortisol and DHEAS 
levels were dissociated. In fact, it has been suggested 
that since pregnenolone, derived from cholesterol, is 
the common precursor to glucocorticoids and adrenal 
androgens,8 such a change may represent a shift in 
pregnenolone metabolism away from androgens and 
towards increased cortisol production. 

However, in a recent study investigating patients 
with sepsis, measurements of DHEA provided some 
interesting findings that have questioned the cur-
rent belief that decreased DHEAS levels occur to 
enhance adrenal metabolism in favour of cortisol.13 
These investigators showed that DHEA levels were 
consistently elevated in septic patients. Our data in 
patients with major surgery support these findings, 
since we were able to show a similar dissociation 
between DHEA (high) and DHEAS (low), suggest-
ing that during biological stress DHEA increases in 
parallel with cortisol. It has been suggested that such 
discordance between DHEA (high) and DHEAS (low) 
may be caused by decreased activity of the SULT2A1 
enzyme (that converts DHEA to the biologically ac-
tive form, DHEAS).33

On PoD1, another remarkable dissociation be-
tween ACTH (low) and FCI (high) was observed. Such 
dissociation has been previously described in stressful 
conditions, such as those caused by surgery3,26,33,34 or 
critical illness.35 This phenomenon remains poorly 
defined and has been attributed to factors which 
directly stimulate the adrenal or interfere with CRH 
and ACTH release. These factors include a variety of 
cytokines, in particular IL-6,26,36-38 or peptides, such as 
endothelin-1, atrial natriuretic peptide, vasopressin,35 

Table 2. Descriptive statistics for stimulated free cortisol index to 
1 μg of corticotropin preoperatively (PreOp) and on postoperative 
day 1 (PoD1). Asterisks denote Tukey’s test p <0.05 compared 
to PreOp values – see text for details; P25/P50/P75: 1st quartile/
median/3rd quartile.

Mean+SD P25/P50/P75

Free Cortisol Index
(unit-free)

PreOp 0.93+0.62 0.81/0.86/1.00

PoD1* 1.23+1.77 1.11/1.12/1.21 

Figure 1. Stimulated free cortisol index to 1 μg of corticotropin 
preoperatively (PreOp) and on postoperative day 1 (PoD1). 
Asterisks denote Tukey’s test p <0.05 compared to PreOp val-
ues.



Surgery-induced	pituitary-adrenal	alterations	 241

leptin25 and macrophage migration inhibitory factor 
(MIF).39 Further insight into the pathophysiology of 
dissociated cortisol and ACTH response is offered by 
the higher response of the adrenals to exogenously 
administered ACTH after surgery compared to that 
before surgery. We found that stimulated cortisol on 
PoD1 was significantly higher compared to that on 
the day before surgery, suggesting increased adrenal 
responsiveness. Of note, similar results have been 
reported by previous investigators on patients under-
going abdominal3 or cardiac surgery.40 Theoretically, 
the sharp increase of ACTH on the day of surgery 
may lead to an increase in adrenal reactivity to ACTH 
in the immediate postoperative period. 

In conclusion, at an early phase following ma-
jor surgery elevated cortisol is associated with high 
ACTH. Despite this HPA activation, DHEAS, the 
major adrenal androgen, is temporarily decreased, 
whereas DHEA (which represents the biologically 
active form) is consistently elevated. Free cortisol 
subsequently remains high while ACTH returns to 
the pre-operative levels. The enhanced sensitivity of 
the adrenals to ACTH post-operatively is, at least in 
part, most likely responsible for maintaining elevated 
serum cortisol at this stage.
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