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ABSTRACT

Objective: Adrenal insufficiency is common in critically ill patients, particularly those with septic shock.

Patient with liver failure and sepsis shared many clinical features, including hyperdynamic circulation.  In critically

ill patients, adrenal insufficiency is associated with hemodynamic instability and poor outcome.  This study exam-

ined the functional adrenal reserve by using ACTH stimulation test in fifteen non-highly stressed patients with

cirrhosis.

Patients and Methods: A low-dose (1 µg) ACTH (corticotropin) test was done in non-highly stressed

patients with cirrhosis who were admitted due to various causes within 5 days of admission.

Results: The result of ACTH stimulation test of fifteen patients revealed that 6/15 (40%) patients were

classified as adrenal insufficiency reserve and 9/15 (60%) were indicated as normal adrenal function.  Among those

with impaired adrenal reserves five of six patients displayed basal and stimulated cortisol values of lower than 20

µg/dL.  The LDL-cholesterol level at the time of adrenal testing was the variable predictive of adrenal insufficiency

(p = 0.035).

The baseline basal cortisol were 16.4 ± 5.5 in the Child-Pugh score A and B compared with 19.1 ± 6.5 in

the Child-Pugh score C (p = 0.4).  The peak serum cortisol were 22.7 ± 4.0 in the Child-Pugh score A and B

compared with 21.4 ± 4.0 in the Child-Pugh score C (p = 0.69).  The increment in cortisol levels in the Child-Pugh

score A and B (6.4 ± 2.5 µg/dL) was significantly higher than in the Child-Pugh score C (2.3 ± 1.8 µg/dL) (p =

0.003)

Conclusions: Adrenal insufficiency assessed by the ACTH stimulation test is common in non-highly

stressed patients with cirrhosis.  It is more frequent in those with severe liver disease.
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BACKGROUND

Patients with cirrhosis are susceptible to bacte-

rial infection(1,2), which can result in hemodynamic in-

stability, organ dysfunction, hepatic encephalopathy,

and a decreased survival rate.

Severe sepsis and septic shock is frequently as-

sociated with adrenal insufficiency, which lead to a poor

prognosis.

As liver failure and sepsis are both associated with

increased circulating levels of endotoxin and proin-

flammatory mediators and reduced levels of

apoprotein-1/ high-density lipoprotein(3-5), this study

postulated that adrenal failure may be common in pa-

tients with liver disease.

Studies have shown that the liver is the primary

site of metabolism of adrenal steroid hormone and syn-

thesis of cholesterol, which is the major precursor of

steroid.  At rest and during stress, about 80% of circu-

lating cortisol is derived from plasma cholesterol, the

remaining 20% being synthesized in situ from acetate

and other precursors.(6)  Experimental studies suggest

that HDL-C, which is synthesized principally by the

liver and to a lesser degree in the intestine, is the pre-

ferred lipoprotein source of steroidogenic substrate in

the adrenal gland.(7)  Therefore, preexisting liver dys-

function may further disturb the activation of the HPA

axis during stress.

Few data support high rate of adrenal insufficiency

in critically ill cirrhosis(18,19) and one study found

benefit of corticosteroid administration on survival of

cirrhotic patients with septic shock.

However, there is no study concerning the asso-

ciation between non-critically ill stressed cirrhotic

patients and adrenal function.

This study aimed to examine the adrenal response

to the ACTH stimulation test and the relationship be-

tween adrenal function and various patients parameter

that help to predict adrenal insufficiency.

PATIENTS AND METHODS

This study was conducted in fifteen patients with

non-highly stressed cirrhosis who was admitted to

Phramongkutklao Hospital and College of Medicine

from February 2006 until February 2007 from various

causes.

The clinical diagnosis of hepatic cirrhosis was

made based on the presence of esophageal varices or

ascites with no other cause, along with an unequivocal

image on sonography or computed tomography.

Patients who admitted to medicine ward, adrenal

function testing was performed as follows: patients with

liver disease who met these inclusion criteria under-

went an adrenal function testing, a low-dose (1 µg)

ACTH (cosyntropin) stimulation test(8) within 5 days

of admission.

In this test, 0.01 mg ACTH (cosyntropin) was

given intravenously, and plasma cortisol levels were

measured before and 30 and 60 minutes later.  The peak

cortisol level was defined as the highest cortisol level

obtained after cosyntropin administration, either at 30

or 60 minutes.  The increment was calculated as the

difference between peak and baseline cortisol levels.

Criteria for the diagnosis of adrenal insuffi-

ciency

a) Random plasma cortisol concentration of less

than 15 µg/dL or b) a stimulated cortisol concentra-

tion below 20 µg/dL indicates adrenal insufficiency

under stress conditions.(9-11)

The severity of liver disease on the day of the

ACTH stimulation test was graded by the Child-Pugh

system.(12)

Renal dysfunction was defined as a serum creati-

nine level of greater than 1.5 mg/dL on the day of the

ACTH stimulation test.  The cut-off value of 1.5 mg/

dL was based on previous investigations showing glom-

erular filtration rate is distinctly decreased in patients

with cirrhosis and a serum creatinine higher than this

level.(13)  Furthermore, this is also the cutoff value used

to define hepatorenal syndrome.(14)

Inclusion criteria were as follows: cirrhotic pa-

tients aged 18-80 years admitted with hematemesis and/

or melena, sepsis, spontaneous bacterial peritonitis or

2/3 of clinical SIRS; Temperature >38 ˚C or <36 ˚C,

heart rate > 90 beats per minute, and respiratory rate

>20 BPM.

Exclusion criteria were as follows: patients in

critically ill state with hypoxemic respiratory failure

or hypotension (systolic BP <90 mmHg or requiring

vasopressor agents for blood pressure support), patients

who had received systemic glucocorticoids for >30

days during the previous year were excluded from this

study.  Similarly, patients who had received systemic

glucocorticoids for 10 to 30 days in the previous 6

months, as well as patients currently receiving gluco-

corticoids or who were treated with glucocorticoids
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during their hospital stay, were excluded from the study.

Patients with known HIV positive or malignancy, were

excluded from study.

Patient’s clinical and laboratory data including

sex, age, causes of cirrhosis and causes of admission

was collected.  Routine biochemical analysis, hemato-

logical, lipoprotein profile, and coagulation profiles

were obtained on the day of ACTH stimulation test.

The plasma cortisol was measured by a competitive

immunoassay using direct chemiluminescent technol-

ogy (Cobas test, Roche).  The values range between

0.018 and 63 µg/dL.

Statistical Analysis

Descriptive statistics are expressed as mean ± SD.

All variables were tested for normal distribution using

the Kolmogorov-Smirnov test.  The independent Stu-

dent t test was used to compare the means of continu-

ous variables and the normal distribution data.

Otherwise, the Mann-Whitney U test was used.

Categorical data were tested using the chi-squared (χ2)

test.  Risk factors were assessed using univariate analy-

sis, and variables that were statistically significant in

the univariate analysis were included in the multivari-

ate analysis by applying a multiple logistic stepwise.

The correlation between the results of the ACTH

stimulation test and the disease severity scores was ana-

lyzed with linear regression procedure to obtain inde-

pendent risk factors using the Pearson method.  The

statistical significance was considered when p value

was less than 0.05.

RESULTS

Patient Characteristics

Fifteen non-highly stressed patients with cirrho-

sis were reported in this investigation.  Their biologi-

cal profiles on the day of ACTH stimulation test are

given in Table 1.  The mean patient’s age was 54 years.

There were 13 men (86%) and 2 women (14%).  The

causes of liver cirrhosis included alcohol (n = 14), HBV

plus alcohol (n = 1), HCV plus alcohol in (n = 1), and

cryptogenic cirrhosis (n = 1).

Overall causes of hospital admission were upper

Table 1 Clinical and laboratory data grouped according to adrenal function

Adrenal Normal adrenal

All patients insufficiency function P-value

(n = 15) (n = 6) (n = 9)

Age (yrs) 54.1 ± 14.1 50.6 ± 18.6 56.4 ± 10.9 0.458

Albumin (g/dL) 2.5 ± 0.5 2.2 ± 0.6 2.7 ± 0.4 0.068

Globulin (g/dL) 3.9 ± 0.9 3.5 ± 1.0 4.1 ± 0.9 0.284

AST (U/L) 132.3 ± 83.2 102.5 ± 57.5 152.2 ± 94.5 0.272

ALT (U/L) 55.3 ± 36.3 50.7 ± 54.8 58.4 ± 20.1 0.700

Total bilirubin (mg/dl) 11.1 ± 10.4 12.4 ± 10.4 10.3 ± 11.0 0.716

Alkaline phosphatase (mg/dL) 145.0 ± 80.1 101.8 ± 22.8 173.8 ± 92.6 0.088

PT (INR) 1.7 ± 0.7 1.7 ± 0.3 1.7 ± 0.9 0.922

Child-turcot 9.8 ± 2.8 11.2 ± 3.0 8.9 ± 2.3 0.120

Hematocrit 29.8 ± 3.4 26.9 ± 3.3 30.1 ± 2.9 0.063

WBC 8933.3 ± 4626.0 9000.0 ± 4694.3 8888.9 ± 4865.3 0.966

Total cholesterol (mg/dL) 124.8 ± 64.0 83.6 ± 48.0 150.5 ± 61.2 0.063

LDL cholesterol (mg/dL) 69.7 ± 54.2 31.0 ± 37.8 93.9 ± 49.8 0.035

HDL cholesterol (mg/dL) 22.0 ± 17.4 17.0 ± 16.6 25.1 ± 18.2 0.436

Triglyceride (mg/dL) 103.4 ± 41.1 81.4 ± 28.4 117.1 ± 43.3 0.133

Plasma BUN (mg/dL) 23.0 ± 24.5 26.2 ± 33.2 21.2 ± 20.4 0.733

Plasma Cr (mg/dL) 1.4 ± 1.0 1.7 ± 1.3 1.3 ± 0.9 0.510

Basal cortisol (µg/dL) 18.0 ± 6.1 12.7 ± 2.6 21.6 ± 5.0 0.002

Peak cortisol (µg/dL) 22.0 ± 5.9 16.3 ± 2.8 25.7 ± 4.1 <0.001

Increment of cortisol (µg/dL) 3.9 ± 2.9 3.7 ± 4.0 4.1 ± 2.1 0.767
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gastrointestinal bleeding (n = 6), acute cholecystitis (n

= 1), pneumonia (n = 1), sepsis and hepatic encephal-

opathy without identified source of infection (n = 4),

empyema thoracis (n = 1), severe alcoholic hepatitis

(n = 1), and necrotizing fasciitis (n = 1).

The result of ACTH stimulation test of fifteen

patients revealed 6/15 (40%) patients were classified

as adrenal insufficiency reserve and 9/15 (60%) were

indicated as normal adrenal function.  Among those

with impaired adrenal reserve, five of six patients dis-

played basal and stimulated cortisol values of lower

than 20 µg/dL.

There were no significant differences in baseline

characteristics of all patients.  All patients were nor-

motensive and did not require artificial ventilation.

Mean Child-Pugh scores were 11.2 ± 3.0 and 8.9

± 2.3 in the impaired adrenal reserve and the normal

adrenal reserve groups, respectively (P = 0.12)

Range of ACTH results

Mean values of basal cortisol were 12.7 ± 2.6 and

21.6 ± 5.0 µg/dL in the impaired adrenal reserve and

the normal adrenal function, respectively (p = 0.002).

Mean values of peak cortisol were 16.3 ± 2.8 in the

impaired adrenal reserve s and 25.7 ± 4 in the normal

adrenal function (p ≤0.0001).  Mean values of

incremented cortisol were 3.65 ± 4 in the impaired ad-

renal reserve s and 4.12 ± 2.18 in the normal adrenal

function (p = 0.76).

Mean values of basal cortisol were 16.4 ± 5.5 in

the Child-Pugh score A and B and 19.1 ± 6.5 in the

Child-Pugh score C (p = 0.4 ).  Mean values of peak

cortisol were 22.7 ± 4.0 in the Child-Pugh score A and

B and 21.4 ± 4.0 in the Child-Pugh score C (p = 0.69).

Mean values of incremented cortisol were 6.4 ± 2.5 in

the Child-Pugh score A and B and 2.3 ± 1.8 in the Child-

Pugh score C (p = 0.003) (Figure 1).

Mean values of serum LDL-C were 31.0 ± 37.8

impaired adrenal reserve and 93.9 ± 49.8 in the nor-

mal adrenal function (p = 0.035) (Figure 2).

No significant different for baseline cortisol, peak

cortisol, and increment in cortisol compared between

s with serum HDL-C cut of values at 30 mg/dl(23)

(Figure 3).

No different in renal dysfunction in both adrenal

insufficiency and normal adrenal function (1.7 ± 1.3,

1.3 ± 0.9, P = 0.5)
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DISCUSSION

The main finding of this study was that the inci-

dence of adrenal failure was 40% in non-highly stressed

patients with liver cirrhosis especially those of ad-

vanced stage.  There was a negative correlation

between the cortisol increment after ACTH stimula-

tion test and Child-Pugh scores, suggesting that adre-

nal dysfunction is inversely related to liver function

reserve.  In this study, LDL-C is also found to be a

predicting factor for adrenal dysfunction in addition to

the degree of liver failure.  Liver failure is well recog-

nized to cause renal and pulmonary disease; however,

the association between liver failure and adrenal in-

sufficiency has not been well studied.

Harry and coworkers(15) demonstrated an abnor-

mal high dose ACTH (cosyntropin) stimulation test in

28 of 45 (62%) patients with acute liver failure.

The study of McDonald, et al.(16) in 38 non-

stressed end-stage liver disease patients found a 64%

reduction in peak plasma cortisol following insulin-

induced hypoglycemia and a 39% reduction following

a high-dose cosyntropin test when compared with

healthy controls.

According to Paul E Marik(17) study in 340

patients with liver disease, it was reported that 245

(72%) were diagnosed with adrenal insufficiency.

Among these included 8 (33%) patients with fulmi-

nant hepatic failure, 97 (66%) patients with chronic

liver disease, 31 (61%) patients with a remote history

of liver transplantation, and 109 (92%) patients who

had undergone liver transplantation under steroid-free

immunosuppression.

Ming Hung Tsai(18) reported that adrenal insuffi-

ciency occurred in 51.48% of critically ill patients with

cirrhosis and severe sepsis.  The cumulative rates of

survival at 90 days were 15.3% and 63.2% for the

adrenal insufficiency and normal adrenal functions, re-

spectively (P <0.0001).  The hospital survivors had a

higher cortisol response to corticotropin (16.2 ± 8.0

vs.  8.5 ± 5.9 µg/dL, P <0.001).  The cortisol response

to corticotropin was inversely correlated with various

disease severity, Model for End-Stage Liver Disease,

and Child-Pugh scores.  Acute physiology, age, chronic

health evaluation III score, and cortisol increment were

independent factors to predict hospital mortality.

Fernandez J(19) prospectively evaluated the effects

of steroids on shock resolution and hospital survival in

a series of 25 consecutive patients with cirrhosis and

septic shock.  It was found that adrenal dysfunction

was frequent in patients with advanced cirrhosis (Child

C: 76% vs. Child B: 25%, P = 0.08) and resolution of

septic shock (96% vs. 58%, P = 0.001), survival in the

intensive care unit (68% vs. 38%, P = 0.03), and hos-

pital survival (64% vs. 32%, P = 0.003) were signifi-

cantly higher in those who received corticosteroid.

The slightly low serum HDL levels and signifi-

cantly low serum LDL in the adrenal insufficiency

observed in this study further support the notion that

liver disease may lead to impaired cortisol synthesis.

In Paul E Marik(17) study found the HDL level at

the time of adrenal testing was the only variable pre-

dictive of adrenal insufficiency (p <0.0001).

The adrenal gland does not store cortisol; in-

creased secretion arises due to increased synthesis un-

der the control of adrenocorticotropin.  Cholesterol is

the principal precursor for steroid biosynthesis in ste-

roidogenic tissue.

At rest and during stress, about 80% of circulat-

ing cortisol is derived from plasma cholesterol, the re-

maining 20% being synthesized in situ from acetate

and other precursors(20).  Experimental studies suggest

that HDL is the preferred lipoprotein source of ste-

roidogenic substrate in the adrenal gland(21).

Cicognani and coauthor(20) demonstrated a strik-

ing decrease in the level of serum HDL in patients with

cirrhosis that was related to the severity of disease

(Childs class).  Habib A and coauthors(22) found that

HDL cholesterol in noncholestatic cirrhotic patients

was a liver function test and an indicator of prognosis.

HDL cholesterol below 30 mg/dL in cirrhotic patients

was associated with 3.4-fold increase in the hazard ra-

tio for cirrhotic death or transplantation at 6 or 12

months.

Van der Voort and coauthors(23) demonstrated that

in critically ill patients, low HDL levels were associ-

ated with an attenuated response to cosyntropin.

Several mechanisms may be responsible for the

impaired adrenal function.  An increased level of

cytokines has been shown to be a major determinant

of the magnitude of cortisol response to corticotro-

phin(25).  Additionally, coagulopathy, which is common

in patients with cirrhosis, may lead to adrenal hemor-

rhage and adrenal insufficiency(26).  Finally impaired

synthesis of cholesterol, the most important precursor

of steroid hormones in patients with cirrhosis and sep-

sis, may have an impact on the cortisol response.

Additional limitations include the free serum cor-
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tisol, cortisol binding globulin, and aldosterone levels

were not measured.  Some would argue that the low

cortisol levels in patients with liver disease are non-

diagnostic, particularly in hypoalbuminemic patients,

and therefore measureing serum free cortisol is

needed(27).

In this study, a low dose, of 1.0 µg ACTH stimu-

lation test, was used to routinely screen adrenal insuf-

ficiency for critically ill patients.  It has long been

known that the dose of cosyntropin used in the stan-

dard ACTH stimulation test-250 µg-is a large over-

dose.  For this reason and to improve the test’s sensi-

tivity in detecting partial secondary or tertiary adrenal

insufficiency, Dickstein, et al.(8) introduced the low-

dose ACTH stimulation test with 1.0 µg of intrave-

nous.  Mayenkenecht J, et al.(27) showed that the corti-

sol level at 30 minutes during the standard ACTH

stimulation test is similar to the result during the low

dose test.

Some authors have reported that the low-dose test

is more sensitive in detecting partial adrenal insuffi-

ciency in critically ill patients and they have suggested

that more researches are needed(27).  Some clinicians

have raised a concern about the possibility of error in

administration in the low-dose test, since a 1.0 µg

cosyntropin vial is not commercially available.
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