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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




