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Pituitary-adrenal axis function in systemic inflammatory response 
syndrome 
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This study characterizes the hypothalamic-pituitary-adrenal axis 
function in patients with sepsis syndrome now known as 
systemic inflammatory response syndrome (SIRS). One hundred 
and thirteen patients with SIRS had their pituitary-adrenal axis 
tested with the use of a 250~g IV ACTH stimulation test. No 
patient received corticosteroids prior to the ACTH stimulation 
test. Serum cortisol concentrations were measured prior to and 
30 and 60 min after ACTH administration. 26% of the patients 
had bacteremia, 22% bacteruria, 22% AIDS, 17% renal failure, 
15% diabetes, 13% severe liver disease, 8% GI bleed, 4% 
pancreatitis, 3% trauma and 1% classical Addison's disease. 
Several patients had more than one disorder. The overall mor- 
tality was 28%. Multivariate analysis identified that both the 
baseline cortisol concentration and delta cortisol concentration 
were significant indicators of mortality. Despite the fact that 
mortality was double in the bacteremic patients, the baseline 
cortisol concentrations were similar to the non-bacteremic 
patients (25.4 + 1.9 vs  25.1 + 2.5 p.g/dl). The only cortisol abnor- 
mality noted in the bacteremic patients was a significantly 
smaller delta cortisol response to ACTH (14.7 __. 2.2 vs  

18.9+ 1.2/J.g/dl; P<0.05) .  These data imply that bacteremic 
processes may alter the adrenal responsiveness to intravenous 
ACTH administration. Understanding the pathophysiological dis- 
turbances responsible for an impaired adrenal reserve may 
identify new treatment strategies for patients with bacteremia. 
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bacterial infections by Sibbald et at. (1976). Mortality is 
nearly doubled in those patients who fail to increase their 
cortisol 13/.tg/dl compared to those who increased their cor- 
tisol by 13~tg/dl or greater. Such data initiated the 
hypothesis that a blunted cortisol response (<13/ tg /d l )  after 
an A C T H  test represents a form of adrenal dysfunction. 

Adrenal crisis is a rare disorder that is seen in less than 
one in 10000 hospital admissions. One exception to this 
observation has been the relative increase incidence of 
adrenal dysfunction in patients with tuberculosis. Up to 55% 
of patients in one study had a cortisol response less than 
200nmol/L (7.2~tg/dl) after intravenous A C T H  (250/.tg) 
(Ellis & Tayoub, 1986). Occult adrenal insufficiency has 
recently been shown to occur in approximately 8% of adults 
admitted to hospital with acute tuberculosis. (Barnes et al., 
1989). Critically ill patients have less than a 1% incidence of  
adrenal insufficiency (Jurney et al., 1987; Span et  al., 1992). 
In comparison, two small, studies suggested that between 10 
to 20% of patients, with non-tuberculosis types of  infections 
have adrenal insufficiency (Sibbald et al., 1976; Rothwell et 
al., 1991). 

The purpose of this study was three-fold: (1) to determine 
if the delta cortisol concentration was an independent 
indicator of hospital survival; (2) to determine if an ACTH 
stimulated cortisol increase less than 13 Mg/dl above baseline 
was associated with increased mortality; and (3) to document 
the incidence of  adrenal insufficiency (cortisol less than 20/zg/ 
dl after A C T H  administration) in a large patient population 
with SIRS. 

Introduction 

Increased baseline cortisol concentrations in acute injury 
have been seen in most patients with a normal functioning 
hypothalamic-pituitary-adrenal axis. The greater the baseline 
cortisol concentration the higher the mortality in critically ill 
patients (Sibbald et al., 1976; Jurney et al., 1987). However, 
not all studies have demonstrated that a baseline serum 
cortisol is directly correlated with mortality (Sandberg et al., 
1956; Schein et al., 1990; Rothwell et al., 1991). In fact, 
Schultz et  al. (1993) have demonstrated that a cortisol level 
less than 10 ~tg/dl was the best predictor of mortality due to 
cardiac arrest. In that study, a failure to attain a cortisol 
concentration of  less than 30 Mg/dl was associated with a 
100% mortality. This would suggest that ability of  a baseline 
cortisol level to predict outcome may be different for 
different diagnoses seen in the ICU setting. 

A delta cortisot response of  less than 9 ~g/dl after A C T H  
administration in patients with septic shock is a better predic- 
tor of mortality than a baseline cortisol concentration (Roth- 
well et al., 1991). In that study, the average cortisol increased 
above baseline by only 7/ag/dl in the non-survivors and 
19/xg/dl in the survivors. The importance of adrenal cortisol 
responsiveness has also been reported in patients with acute 
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Results 

Thirty percent of the 113 patients in the study were female. 
107 of  these patients had an ACTH-stimulated cortisol 
greater than 19.9 ktg/dl. One patient was excluded from the 
data analysis because her baseline cortisol concentration was 
an outlier (228/~g/dl). Patient characteristics are listed in 
Table 1. The baseline serum cortisol concentration of  the 
population of  patients with SIRS was 25 .1+l .2 /~g/d l  
(mean + SEM) from which it increased to 34.7 + 1.6 at 
30 min and 43.0 + 1.5 at 60 min. Six patients had a serum 
cortisol response of  <20  ~tg/dl measured at both 30 and 

Table 1 Patient characteristics 

Normal adrenal response 
(ACTH stimulated cortisol 

>1 20) 

Rule-Out adrenal 
insufficiency (ACTH 

stimulated cortisol 
< 20 p.g/dl) 

(n) 106 
Age (years) 49 + 2 
Sex (M/F) 75/32 
Ht (inches) 66 + 1 
Wt (pounds) 143 + 4 
IBW (%) 101 _ 3 
APACHE II 10.7 +_ 0.6 
Albumin (g/dl) 2.64_+ 0.08 

6 
41 +3* 

4/2 
6 6 + 2  

144 + 14 
106 + 12 
6.2 + 2.2 

3.32 -+ 0.91" 

Mean + SEM;*P<0.05 by paired t-test. 
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60 min after ACTH administration. In this group of  'rule 
out '  adrenal insufficiency, the mean cortisol at  baseline was 
6.0 + 2.4gg/dl  and increased to 10.2 +- 0.5 at 3 0 m i n  and 
15.8 + 0.5 at 60 min. Only one patient had signs of  adrenal  
insufficiency (hypotension, hyperkalemia and hyponatremia) .  
This patient, and one other of the six patients were treated 
with glucocorticoid therapy. None of the treated patients  
expired. One of the four non-treated patients expired. The six 
patients  were younger and had a higher serum albumin level 
than  the larger group (Table I). 

The hospital mortali ty of  the 106 patients with SIRS was 
28%. Women and men had a similar mortali ty rate (27.8 vs 

27.1%). The mortal i ty rate increased to 44% in 27 patients 
who were blood culture positive. The mean age, Apache II 
score, serum albumin,  baseline cortisol and delta cortisol 
were significantly different in those who died compared to 
those who survived (Table 2). Twenty-three patients had  a 
baseline cortisol less than 15 gg/dl and only one of  these 
patients  expired. Baseline cortisol and delta cortisol were not  
significantly inversely correlated with each other (r = - 0.14) 
so tha t  both variables were used as independent  variables. 

Baseline cortisol concentrat ions were higher in renal failure 
patients  who did not  survive (30.4+_3.0 vs 20.3+_2.2, 
P < 0.05). However, baseline cortisol concentrat ions were not  
elevated in patients with bacteremia who died compared to 
those with bacteremia who survived (26.9_+ 3.1 vs 

24.1 + 2.4 ~g/dl, respectively). This was also true for patients 
with additional diagnoses of diabetes (25.8 + 6.2 vs 

25.2 + 3.2 ~g/dl) and AIDS (19.8 +_ 2.5 vs 25.0 4" 3..2 ~.g/dl, 
respectively). Nevertheless, the baseline cortisol concentra t ion  
was significantly correlated with hospital mortali ty (r = 0.940; 
P < 0.01, Figure 1). However, the baseline cortisol concentra-  
t ion was not elevated in the blood culture positive patients  
compared  to all of  the non-bacteremic patients (25.4 _+ 1.9 vs 

Table 2 Demographic and biochemical data in survivors and 
non-survivors 

Survivors Non-Survivors 

Age (years) 47 _+ 2 53 + 3* 
Apache II 8.9 +_ 0.6 14.5 _+ 1.1" 
IBW (%) 99 _+ 3 103 _+ 7 
Albumin (gin/l) 28.1 + 0.9 21.8 + 1.3" 
Baseline cortisol (p.g/dl) 22.1 4- 1.2 32.2 4- 2.9** 
Delta cortisol (Mg/dl) 19.7 4- 1.3 13.2 + 1.6"* 
Maximum cortisol (~g/dl) 41.9 4- 1.6 46.1 4- 3.2 

Mean + SEM; *P<0.05, **P<0.01 by t-test. 
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Figure 1 In the population of patients with SIRS, the baseline 
cortisol was significantly correlated with the hospital mortality rate 
up to a level of approximately 40,ug/dL The baseline cortisol was 
subdivided into intervals: 0-10, 11 to 20, 21 to 30, 31 to 40 and 
greater than 40/.tg/dt. The data is represented as mean 4-SEM. 

25.1 _+ 2.5 gg/dl; respectively). The only cortisol abnormal i ty  
noted in the bacteremic patients was a significantly smaller 
delta cortisol response to ACTH (14.7 + 2.2 vs 18.9 +- 1.2/.tg/ 
dl; P <  0.05). 

The delta cortisol response was significantly inversely cor- 
related with hospital mortali ty ( r = -  0.727; P < 0 . 0 1 ) .  The 
division of the cortisol response into groups of  (1) less than 
13 p.g/dl, (2) 13 to 25.9 gg/dl, and (3) equal to or greater than 
26/~g/dl demonstrates a significant relationship with hospital 
mortali ty (Figure 2). This 'b lunted '  response was most likely 
secondary to the higher baseline cortisol concentra t ion since 
maximal cortisol concentrat ions were similar in the survivors 
and non-survivors. 

Stepwise logistic regression analysis identified that  Apache 
II, baseline cortisol, serum albumin,  delta cortisol and renal 
disease were all variables tha t  significantly predicted mor- 
tality. The use of age, sex, weight as a percent of  ideal body 
weight, presence of AIDS, cancer or diabetes did not  im- 
prove the predictability of the patients  outcome. Table 3 
demonstrates the coefficients, the s tandard error of the 
coefficients, and the significance level for each of  the 
variables. Improvements  in the chi-square analysis can be 
seen mostly for the Apache II score and  the baseline cortisol 
concentration.  The additive use of  serum albumin,  delta cor- 
tisol response and renal failure also significantly improved 
the ability to predict outcome. Baseline cortisol, renal failure, 
delta cortisol and albumin also predicted mortal i ty in the 
absence of knowing the Apache II score. 

Discussion 

The model to predict mortali ty identified that  a combinat ion 
of Apache II score, baseline cortisol, albumin,  delta cortisol 

Table 3 Multivariate analysis with stepwise logistic regression to 
predict mortality in patients with SIRS 

Standard Improvement in 
Variable Coefficient error Chi-Square P-value 

Apache II -0.1024 0.0492 15.4 0.000 
Baseline cortisol -0.0487 0.0226 7.5 0.002 
Serum albumin 0.104t 0.0321 5.7 0.017 
Delta cortisol 0.0752 0.0330 5.1 0.024 
Renal failure - 1.5970 0.7360 5.0 0.025 
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Figure 2 This figure demonstrates the mortality rate compared to 
the maximum amount of the delta cortisol increase after an ACTH 
stimulation test. The delta cortisol response was subdivided into 
intervals of (1) 0 to 12.9, (2) 13 to 25.9, and (3) greater than 
25.9/.tg/dl. It is noted on this figure that the mortality rate is at its 
lowest in those patients who can release the largest amount of 
cortisol during an ACTH test. The data are represented as 
mean + SEM. *P<0.05 by chi-square testing. 
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and renal failure best predicted mortality in the overall 
group. Exclusion of the Apache II score also identified that 
delta cortisol and baseline cortisol were both important 
predictors of hospital mortality. However, our data failed to 
identify that the delta cortisol response provided more in- 
formation than a baseline cortisol concentration in non- 
bacteremic patients. In fact, the lower response may be 
secondary to the higher baseline concentration. The unique 
finding was the similar baseline cortisol concentrations in the 
bacteremic patients. In this subgroup, the delta cortisol re- 
sponse provided more information than a baseline cortisol 
concentration. 

The association of diminished adrenal reserve and mor- 
tality in patients with bacteremia may reflect a primary 
adrenal abnormality, pituitary dysfunction or a secondary 
phenomena due to a metabolic response to injury (Reincke et 
al., 1994). 

Corticostatins are a family of  structurally related proteins 
that act in rabbits to directly inhibit adrenal A C T H  binding 
and corticosterone production (Zhu & Solomon, 1992). Cor- 
ticostatin concentrations increase 20-fold in rabbits plasma, 
10 fold in adrenal tissue and five-fold in the hypothalamus 
during systemic infection (Tominaga et al., 1992). Even 
though the exact regulatory nature is not known, it is pos- 
sible that ~orticostatin may have been responsible for the 
blunted cortisol response observed in our bacteremic 

CORTISOL RESPONSE AND MORTALITY 

80- 

_ J  < 

o 

70- 

60- 

50- 

40- 

30- 

20- 

10 
10 

o 

r = -0.81,5 

I I I I I I I 
12 14 16 18 20 22 24 26 

CORTISOL INCREASE POST ACTH (ug/dL) 

Figure 3 This figure combines the data from Table 4 in a graphical 
representation comparing the individual published papers for mean 
delta cortisol response compared to mean hospital mortality. If the 
paper had two groups the overall mean was determined for baseline 
cortisol, delta cortisol response and mortality. The bacteremic 
patients in the current study were seperated from the non-bacteremic 
patients. It can be seen that there is an inverse correlation between 
delta cortisol response and mortality in patients with sepsis/SIRS 
(r = - 0.815; P<0.05; Y = - 0.201*X + 25.6). If the same data are 
plotted as baseline cortisol concentration versus mortality, there is 
no significant relationship (r = -0.377). 

patients. Both a lower baseline cortisol and a blunted cortisol 
response might be explained by corticostatins acting at the 
site of the adrenal glands. Further research is in progress to 
test this hypothesis. 

Besides corticostatins, tumor necrosis factor alpha (TNF) 
has been implicated in the regulation of hypothalamic- 
pituitary-adrenal axis function (Marano et al., 1990; Reincke 
et al., 1994). T N F  can blunt the normal response to cortico- 
tropin releasing hormone, growth hormone releasing hor- 
mone, luteinizing hormone and prolactin in rat pituitary cells 
(Gaillard et aL, 1990). T N F  has also been demonstrated to 
inhibit the p450 enzymes responsible for cortisol production 
in fetal adrenal cells (Jaattela et al., 1991). However, the 
majority of the published evidence indicates that TNF-alpha 
and IL-1 stimulate the hypothalamic-pituitary-adrenal axis 
acting at a site above the pituitary (Kakucska et al., 1993; 
Watanobe & Takebe, 1993). IL-6 may also be involved with 
this activation (Perlstein et al., 1993). TNF-atpha administra- 
tion in humans can acutely increase ACTH release and inc- 
rease serum cortisol (Michie et al., 1988) so that there is little 
evidence that T N F  could be responsible for the reduced 
cortisol response in bacteremic patients. 

Acute illness such as seen in bone marrow transplantation 
is associated with the euthyroid sick syndrome with a reduc- 
tion in thyroxine, triiodothyronine, thyrotropin and an eleva- 
tion in reverse triiodothyronine. This response is due in part 
to a decrease in thyrotropin secretion (Wehmann et al., 
1985). Serious illness or starvation is associated with 
gonadotropin deficiency (Woolf et al., 1985). Both of  these 
responses may have survivability benefits by reducing energy 
expenditure and fertility while critically ill. However, the loss 
of  ACTH secretion has no survival advantage. A C T H  con- 
centrations have been demonstrated to be normal or elevated 
in major illnesses so that a reduced concentration was con- 
sidered unlikely (Drucker & Shandling, 1985, Schultz et al., 
I993). Because of  the interesting results observed in the 
blood culture positive patients, further work will be required 
to evaluate the hypothalamic-pituitary axis. 

Patients with bacteremia have a higher mortality than 
non-bacteremic patients as shown by us and others (Jurney et 
al., 1987). In our study, patients with bacteremia had a 
similar baseline cortisol concentration compared to non- 
bacteremic patients. However, the delta cortisol response was 
significantly lower and the mortality rate significantly higher. 
Patients with bacteremia may not have an increase baseline 
cortisol yet their mortality is greater (Table 4: Rothwell, 
1991, Sibbald et al., 1976; Jurney et al., 1987), when com- 
pared to what might be expected based on the relationship 
between mortality and baseline cortisol (Figure 1). 
Evaluating the published data in Table 4, baseline cortisol 
was not correlated with mortality ( r = -  0.377). In the 
bacteremic patients, the delta cortisol response and the max- 
imum cortisol concentration after ACTH were both 
significantly smaller (Table 4). The delta cortisol response to 
A C T H  was significantly inversely correlated with mortality 
( r = -  0.815, P < 0 . 0 5 ,  Figure 3). Bacteremic patients may 
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Table 4 Delta cortisol response post ACTH and hospital mortality in SIRS 

Sample size Baseline Delta Maximum Mortality 
Primary DX (n) cortisol cortisol cortisol % References 

Sepsis 26 2 7 . 7  13.2+2.8 40.9 69.2  Sibbald 
Sepsis 32 26.1 12.34- 1.8 38.4 59.0 Rothwell 
Sepsis 27 25.4 14.74-2.2 40.1 44.4 Tayek 

Mean Sepsis 26.4 13.4" 39.8* 57.5* 

SIRS 30 35.7 17.1 4-1.6 52.8 46.7 Wade 
ICU-Patients 70 35.3 17.0 4- 3.0 52.3 37.0 Jurney 
SIRS 79 2 5 . 1  18.94-1.2 44.0 22.8 Tayek 
SIRS 40 44.7 24.4-1- 3.3 69.1 27.5 Drucker 

Mean SIRS 35.2 19.3 54.5 33.5 

Mean + SEM; *P<0.05 by t-test. 
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represent a unique type of injured patient where adrenal 
dysfunction may be present. 

Despite the fact that the incidence of Addison's disease is 
rare in SIRS, the finding of a baseline serum cortisol less 
than 15 ~tg/dl in acute illness may be concerning to many 
clinicians. Recently Kidess et al. (1993) have reported three 
critically ill hypotensive patients with reduced baseline cor- 
tisol concentration (<14 ~tg/dl) and ACTH stimulated corti- 
sol concentrations greater than 20~tg/dl who clinically 
improved with glucocorticoid treatment (1993). In our 
patient population, 23 patients had a baseline cortisol con- 
centration less than 15, and only one of these patients 
expired. Because the mortality rate was the lowest for the 
group with the lowest baseline serum cortisot concentration 
(Figure 2), it would seem that a low cortisol concentration in 
SIRS does not indicate adrenal dysfunction. 

In summary, these data document that classical Addison's 
disease is rare in SIRS. Bacteremic patients with a blunted 
cortisol response to intravenous ACTH identifies a sub-group 
of patients with an increased mortality. In those few studies 
of bacteremic patients where adrenal response and mortality 
have been reported, there appears to be a direct correlation 
between the delta cortisol response and survival (Table 4, 
Figure 3). Our large study confirmed earlier research in 
bacteremic patients which suggest the need for development 
of treatment protocols for bacteremic patients who have a 
blunted cortisol response to ACTH. The 'blunted' response 
observed in the non-bacteremic patients may be due to their 
higher baseline values since the maximum concentrations 
were similar between the survivors and non-survivors. A 
prospective study to evaluate the need for glucocorticoid 
therapy in bacteremic patients with a blunted adrenal func- 
tion should be considered. 

Methods 

113 patients with systemic inflammatory response syndrome 
(SIRS) were evaluated for adrenal function with the standard 

Cortrosyn Stimulation Test (250 ~tg ACTH IV push). The 
average age of the population of 113 patients studied was 
49 + 2 (mean + SEM) and the Apache II score was 10.7 + 
0.6 (Knaus et al., 1986). All patients met the criteria for the 
SIRS diagnosis (Bone et al., 1992). The patient diagnosis 
included 26% with bacteremia, 22% with bacteruria, 22%o 
with AIDS, 17% with renal failure, 15% with diabetes, 13% 
with severe liver disease, 8% with GI bleed, 4% with panc- 
reatitis and 3% with trauma. Several patients had more than 
one disorder. The ACTH stimulation test was performed in 
the emergency room or hospital setting. Patients with a 
known history of prior steroid usage, adrenal insufficiency or 
congenital adrenal hyperplasia were not included in the 
study. 

Serum cortisol was measured at time 0 prior to ACTH and 
30 and 60 min after ACTH was administered by IV push 
(250/1g ACTH, Cortrosyn, Organon Inc, West Orange, NJ). 
Serum cortisol levels were measured by a standardized 
antibody coated tube RIA assay (Farmer & Prince, 1974). 
The intra assay CV for low, medium and high concentrations 
were 12.3%, 3.9% and 3.0% respectively. The inter assay CV 
was 14.7%, 9.1% and 7.5% respectively. 

One patient who expired was eliminated from the final 
data analysis due to her baseline cortisol being a outlier 
(228/~g/dl). The remaining data was normally distributed. 
Data analysis was performed by t-testing, chi square analysis, 
and linear regression analysis by least squares fit with the 
statistical package of BMDP. To identify all factors that 
might have contributed to mortality, a multivariate analysis 
was performed using stepwise logistic regression of equally 
weighted variables: age, sex, body weight as percent of ideal, 
serum albumin, baseline cortisol, delta cortisol, Apache II, 
and the presence or absence of renal failure, AIDS, diabetes 
or cancer. Significance was P < 0.05. 

Acknowledgements 
Grants supported in part by the Pfeiffer Research Found- 
ation. 

References 

Barnes, D.J., Naraqi, S., Temu, P. & Turtle, J.R. (1989). Thorax, 44, 
422 -424. 

Bone, R.C., Balk, R.A., Cerra, F.B., Dellinger, R.P., Fein, A.M., 
Knaus, W.A., Schein, R.M.H. & Sibbald, W.J. (1992). Chest, 101, 
1645-1655. 

Drucker, D. & Shandling, M. (1985). Crit. Care. Med., 13, 
477-479. 

Ellis, M.E. & Tayoub, F. (1986). Br. J. Dis. Chest, 80, 7-12. 
Farmer, R.W. & Pierce, C.E. (1974). Clin. Chem., 20, 411-414. 
Gaillard, R.C., Tumill, D., Sappino, P. & Muller, A. (1990). Endoc- 

rinology, 127, 101 - 106. 
Jaattela, M., Ilvesmaki, V., Voutilainen, R., Stenman, U.-H. & 

Saksela, E. (1991). Endocrinology, 128, 623-629. 
Jurney, T.H., Cockrell, Jr, J.L., Lindberg, J.S., Lamiell, J.M. & 

Wade, C.E. (1987). Chest, 92, 292-295. 
Kakucska, I., Qi, Y., Clark, B.D. & Lechan, R.M. (1993). Endo- 

crinology, 133, 815-821. 
Kidess, A.I., Caplan, R.H., Reynertson, R.H., Wickus, G.G. & 

Goodnough, D.E. (1993). Mayo Clin. Proc., 68, 435-441. 
Knaus, W:A., Draper, E.A., Wagner, D.P. & Zimmerman, J.E. 

(1986). Ann. Intern. Med., 104, 410-418. 
Marano, M.A., Fong, Y., Moldawer, L.L., Wei, H., Calvano, S.E., 

Tracey, K.J., Barie, P.S., Manogue, K., Cerami, A., Shires, G.T. 
& Lowry, S.F. (1990). Surg. Gyn. Obstet., 170, 32-38. 

Michie, H.R., Spriggs, D.R., Manogue, K.R., Sherman, M.L., Rev- 
haug, A., O'Dwyer, S.T., Arthur, K., Dinarello, C.A., Cerami, A., 
Wolff, S.M., Kufe, D.W. & Wilmore, D.W. (1988). Surgery, 104, 
280-286. 

Perlstein, R.S., Whitnall, M.H., Abrams, J.S., Mougey, E.H. & Neta, 
R. (1993). Endocrinology, 132, 946-952. 

Reincke, M., Heppner, C., Petzke, F., Allolio, B., Arlt, W., 
Mbulamberi, D., Siekmann, L., Vollmer, D., Winkelmann, W. & 
Chrousos, G.P. (1994). Neuroimmunomodulation, 1, 14-22. 

Rothwell, P.M., Udwadia, Z.F. & Lawler, P.G. (1991). Lancet, 337, 
582-83. 

Sandberg, A.A., Eik-nes, K., Migeon, C.J. & Samuels, L.T. (1956). 
J. Clin. Endocrinol. Metab., 16, 1001-1016. 

Schien, R.M.H., Sprung, C.L., Marcial, E., Napolitano, L. & Cher- 
now, B. (1990). Crit. Care Med., 18, 259-263. 

Schultz, C.H., Rivers, E.P., Feldkamp, C.S., Goad, E.G., Smithline, 
H.A., Martin, G.B., Fath, J.J., Wortsman, J. & Nowak, R.M. 
(1993). Crit. Care Med., 21, 1339-1347. 

Sibbald, W.J., Short, A., McCohen, M.P. & Wilson, R.F. (1976). 
Ann. Surg., 186, 29-33. 

Span, L.F.R., Hermus, A.R.M.M., Bartelink, A.K.M., Hoitsma, 
A.J., Gimbrere, J.S.F., Smals, A.G.H. & Kloppenborg, P.W.C. 
(1992). Intensive Care Med., 18, 93-96. 

Tominaga, T., Fukata, J., Hayashi, Y., Satoh, Y., Fuse, N., Segawa, 
H., Ebisui, O., Nakai, Y., Osamura, Y. & Imura, H. (1992). 
Endocrinology, 130, 1593-1598. 

Wade, C.E., Lindberg, J.S., Cockrell, J.L., Lamiell, J.M., Hunt, 
M.M., Ducey, J. & Jurney, T.H. (1988). J. Clin. Endocrinol. 
Metab., 67, 223-227. 

Watanobe, H. & Takebe, K. (1993). Neuroendocrinology, 57, 
593- 599. 

Wehmann, R.E, Gregerman, R.I., Burns, W.H., Saral, R. & Santos, 
G.W. (1985). N. Engl. J. Med., 312, 546-552. 

Woolf, P.D., Hamill, R.W., McDonald, J.V., Lee, L.A. & Kelly, M. 
(1985). J. Clin. Endocrinol. Metab., 60, 444-450. 

Zhu, Q. & Solomon, S. (1992). Endocrinology, 130, 1413-1423. 


