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Background and Aim: The association 

between cirrhotic cardiomyopathy (CCM) 

and adrenal insufficiency (AI) is still not 

well declared. We aimed to study the 

association between CCM related 

echocardiographic (ECHO) parameters 

and AI in patients with advanced liver 

cirrhosis. 

Patients and Methods: A cross sectional 

study was carried out on 60 adult patients 

with advanced liver cirrhosis (Child’s C) 

who showed a low ejection fraction (EF) 

of <55 on ECHO. CCM related 

parameters including ejection fraction, 

left atrial and left end systolic/diastolic 

ventricular diameters (LAD, LVEDD) 

were measured using ECHO. All patients 

were assessed for AI by measuring fasting 

serum cortisol level using (Automated 

Chemoiluminescence Cobas e411 

analyzer and EIA1887 kit). CCM related 

selected parameters were compared 

between those with and without AI. 

Results: The mean age was 63.83±7.64 

with male sex predominance (87.4%). 

Their mean EF was 39.17±7.34, while 

88.4% of them had a high LVEDD with a 

mean of 62.31±10.21 mm. The mean 

morning fasting free serum cortisol level 

was 7.95±5.23 mcg/dl with 48.4% of 

them having AI. Comparison of those 

with and without AI showed that the 

former group had a higher LAD 

(43.26±10.04 vs 42.76±7.64), LVESD 

(50.83±10.66 vs. 48.08±8 .17) and 

LVEDD (64.83±9.95vs. 59.94±9.97)) 

respectively. However, the difference was 

not statistically significant (P>0.05). 

There was no significant correlation 

between any of the CCM parameters or 

those of hepatic decompensation and the 

fasting serum cortisol level among the 

studied group (P>0.05). 

Conclusion: There was no significant 

correlation between AI and any of the 

selected parameters related to CCM. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

Liver cirrhosis is a major health 

problem in Egypt that is mostly 

related to the high prevalence of 

hepatitis C virus infection (HCV). Its 

prevalence was estimated to be 11.9% 

among the general population [1]. It is 

a major cause of mortality worldwide 

[2] that progresses at variable rates 

depending on the cause of liver 

disease, host and environmental 

factors [3]. The Child-Pugh score is 

widely used in assessing the prognosis 

of chronic liver disease and cirrhosis 

[4]. 

Cirrhotic cardiomyopathy (CCM) is 

defined as a suboptimal ventricular 

contractile response to stress in the 

absence of cardiac disease [5]. 

CCM is considered if there is ejection 

fraction of <55%, Left atrium 

dilatation, elevated left ventricular 

end-diastolic diameter, elevated left 

ventricular end systolic diameter, left 

ventricle Hypertrophy, E/A ratio <1.0, 

deceleration time > 200ms and 

isovolumetric relaxation time > 80ms 

[6]. 

CCM is usually subclinical as there is 

a featured peripheral vasodilation and 

a reduced ventricular after load, that 

both prevent the development of overt 

cardiac insufficiency [7]. 
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Improving the cardiac work in cirrhotic patients 

could improve the survival rate by improving the 

systolic insufficiency, the impaired diastolic 

relaxation, the decreased ventricular filling and 

the left ventricular hypertrophy [8]. 

The pathogenesis of CCM is multifactorial and 

still incompletely defined. Common 

electrophysiological disturbances in CCM are 

QT interval prolongation, prolonged time 

interval between electrical and mechanical 

systole and chronotropic incompetence [9]. 

Different mechanisms have been suggested in the 

occurrence of CCM e.g., content changes in the 

cardiomyocyte plasma membrane and impaired 

function of protein receptor resulting in impaired 

myocardial contractility [10] In addition, there 

are reported changes in muscarinic receptors [11] 

with an increase in the activity of inhibitory 

pathways [12]. Also, an increase in myocardial 

fibrosis and cardiomyocyte hypertrophy has been 

reported [13]. Recognition of CCM will depend 

on a high level of awareness in patients with 

cirrhosis [14]. 

Both CCM and AI related CCM may only 

become manifested in stressful conditions [15]. 

In normal adrenal function; glucocorticoids raise 

beta adrenergic receptor levels and agonist-

stimulated adenylate cyclase activity [16] 

Moreover, there is a positive inotropic effect of 

glucocorticoids [17]. 

In critically ill patients; the circulating cytokines 

like TNF-a and IL-6, could change the pituitary 

response resulting in insufficient cortisol release 

[18]. 

This has been described as relative AI, which is 

related to hemodynamic instability, vasopressor 

need and higher mortality in ICU patients [19]. 

AI has been reported in 66% of non-septic 

decompensated cirrhosis [20] and 38% of 

compensated cirrhosis [21]. 

Adrenal failure is emerging as an important 

cause of morbidity and mortality in critically ill 

patients [22]. 

 Activation of the hypothalamic–pituitary–

adrenal axis contributes to the maintenance of 

cellular and organ homeostasis [23]. While most 

of the blood cortisol is bound to carrier proteins, 

a small portion exists in a soluble free form [24]. 

There are few studies exploring the relation 

between AI and circulatory insufficiency 

associated with CCM [25-28]. 

In our study, we aimed at investigating the 

correlation between AI and some of the CCM 

related echocardiographic diagnostic parameters 

[6]. 

 

PATIENTS AND METHODS 

A cross sectional analytic study was carried out 

on 60 adult patients with advanced liver cirrhosis 

(child’s C) according to clinical, laboratory and 

radiological definitions [4] who showed a low 

cardiac ejection fraction (<55 mm) on 

echocardiographic assessment. They were 

consequetivly confronted in both the outpatient 

clinic and the Inpatient Ward in the Suez Canal 

University Ismailia, Egypt in the period between 

June and Dec. 2018. 

Fasting (8 hours) serum cortisol level was 

measured by Automated Chemo-iluminescence 

Cobas e411 analyzer using EIA1887 kit.  

Precautions were taken by the patients to avoid 

any drugs that affect test results as (e.g. 

phenytoin or beta blockers), or any stressful 

action before the test, and to relax at least 30 

minutes before sample taking. 

A morning venous blood sample was obtained. 

Adrenal insufficiency (AI) was defined as a 

fasting (8 hours) morning serum free cortisol 

level of less than 7 mcg/dl [24]. Accordingly; 

patients were subdivided into two groups with 

and without adrenal insufficiency. 

All patients were subjected to medical history, 

clinical examination, Liver Function Tests, 

Hemoglobin level, Renal Function Tests and 

Abdominal Ultrasonography for assessment of 

the severity of underlying liver decompensation, 

anemia and renal function. 

Echocardiograph was performed using (GE 

VIVID 7) machine equipped with a 1.5/3.6 MHz 

annular array transducer. 

Measurements of the following parameters were 

obtained according to the recommendations for 

cardiac chamber quantification by 

echocardiography in adults using the update from 

the European association of Cardiovascular 

Imaging and American Society of 

echocardiography [29]. 
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Left ventricular performance normal parameters: 

Left ventricular internal dimensions in systole 

(LVESD <40mm) & diastole (LVEDD <59 mm), 

Left atrial dimension (LAD <45 mm) at end 

systole and Left ventricular ejection fraction 

(EF= or> 55%). 

Cirrhotic cardiomyopathy related selected 

parameters [6] including ejection fraction, left 

atrial, end systolic and end diastolic ventricular 

diameters were measured using Doppler 

echocardiography according to international 

defined dimensions [29]. 

The patient was considered as having CCM 

related echocardiographic features if he showed a 

low ejection fraction (<55%), left atrial dilatation 

(>27 mm), elevated left ventricular end-diastolic 

diameter (>56 mm), and /or an elevated left 

ventricular end systolic diameter (>36 mm). 

These parameters were compared between those 

with and without adrenal insufficiency. 

Exclusion criteria: 

Patients with any of cardiovascular diseases 

(hypertension, ischemic heart disease, valvular 

heart disease and atrial fibrillation), severe 

anemia, renal failure or on steroid therapy for 

any chronic illness have been excluded. 

Statistical Analysis 

Study Data was processed using SPSS statistical 

computer program version 6.0 with analysis of 

both continuous and categorical variables. 

Continuous variables were expressed as mean 

and standard deviation. Categorical variables 

were expressed as frequency and percentage. T-

test was used to compare mean standard 

deviation. Chi square test was used to compare 

frequencies and percentages. Pearson correlation 

used to assess strength of correlation between 

two variables. Significant p value was considered 

at level of ≤ 0.05. 

 

RESULTS 

The study was carried out on 60 patients 

diagnosed as advanced (Child C) liver cirrhosis 

according to definition [4] who showed a low EF 

(<55%). Their mean age was 63.83±7.64, with 

88.3% of them being males (Table 1). 

Their mean level of fasting serum cortisol was 

7.95 mcg/dl±5.23 mcg/dl.  Most of them had 

normal pulse rate, systolic and diastolic blood 

pressure (86.2%, 89.5% and 94.7% respectively). 

It was shown that their mean ejection fraction 

(EF) was 39.17mm±7.34, with 88.4% of them 

having abnormally increased left ventricular end 

diastolic diameter (LVEDD) 88.7% end systolic 

left ventricular diameter (LVESD) while only 

44.2% had abnormally increased left atrial 

diameter (LAD) according to definitions [6] 

(Table 2). 

The mean fasting serum cortisol level of those 

with and without adrenal insufficiency was 

3.84±0.95 and 11.8±4.63 (mcg/dl) respectively. 

The difference was not significant statistically 

between those with and without adrenal 

insufficiency regarding their background data 

including age, sex or vital sign (Table 3). 

Also, the difference was not significant 

statistically between those with and without 

adrenal insufficiency regarding their background 

liver function tests (Table 4). The mean level of 

fasting serum cortisol was 7.95 mcg/dl±5.23. 

Figure [1] showed that 48.4% of the studied 

population had adrenal insufficiency (AI).  

Patients with AI had abnormally increased LAD 

(43.26mm±10.04 vs 42.76mm±7.64), LVESD 

(50.83mm±10.66 vs. 48.08mm±8.17) and 

LVEDD (64.83mm±9.95 vs. 59.94mm±9.97)) 

compared to those with normal adrenal function 

respectively.  However the difference was not 

statistically significant (P>0.05) (Table 5). 

There was no correlation between EF% and 

fasting serum free cortisol level (mcg/dl) among 

the studied population (P>0.05) (Table 6), 

(Figure 2 & 3). Also, There was no significant 

correlation between any other parameters of 

CCM or those of hepatic decompensation and the 

fasting serum cortisol level among the studied 

group (P>0.05) (Table 6).  
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Table 1: The background characteristics of the studied sample. 

Variables Study population 

(n=60) 

Age  

Mean±SD 63.83±7.64 

Range 44-83 

Gender  

Male n(%)  53(88.3) 

  

Heart Rate   

 Mean±SD 63.47±8.14 

Systolic Blood Pressure (mmHg)  

Mean±SD 94.42±7.95 

Diastolic Blood Pressure (mmHg)  

Mean ± SD 64.32 ± 8.1 

Ascites n(%) 60 (100) 

 

Table 2: Echocardiographic findings of the studied population. 

Variables Studied Patients 

(n=60) 

Ejection fraction (%)  

Mean±SD 39.17±7.34 

Left atrium diameter in end systole   

Abnormally dilated (>27 mm) 27(45) 

Mean±SD 43±8.84 

Left ventricular end systolic diameter   

Abnormally dilated (>36 mm) 53(88.3) 

Mean±SD 49.41±9.51 

Left ventricular end-diastolic diameter   

Abnormally dilated (>56 mm) 52(86.6) 

Mean±SD 62.31±10.21 

 

Table 3: Comparison of the background characteristic of patients with normal and abnormal Adrenal 

Function. 

Variables 

Normal Adrenal Function 

(S. cortisol >7 mcg) 

n=31 

Adrenal 

insufficiency 

n=29 

p-value 

Gender   NS 

Male 27(87.1) 26(89.6) 

Heart Rate   NS 

Mean±SD 63.43±8.06 63.52±8.32 

SBP   NS 

Mean±SD 94.08±7.88 94.78±8.09 

DBP   NS 

Mean±SD 64.29±7.36 64.35±8.86 
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Table 4: Comparing lab findings among patients with and without adrenal insufficiency. 

Variables 

Normal Adrenal Function 

(S. cortisol >7 mcg) 

n=31 

Mean±SD 

Adrenal 

insufficiency 

n=29 

Mean±SD 

p-value 

Total bilirubin level (mg/dl) 5.11±2.09 5.36±2.01 NS 

Serum albumin level (g/dl) 2.79±0.6 2.89±0.67 NS 

Prothrombin time (secs) 17.82±3.04 18.39±3.12 NS 

Alanine aminotransferase (ALT) (U/L) 71.43±7.91 71.74±7.98 NS 

Aspartate aminotransferase (AST) (U/L) 70.82±9.76 72.17±9.64 NS 

 

 
Figure 1: Distribution of patients with normal and abnormal (Adrenal Insufficiency) fasting serum Cortisol. 

 

Figure [1] shows that 51.6% of patients had normal adrenal function with a mean fasting serum 

cortisol level of 7.95±5.23 mcg/ dl. Adrenal insufficiency was considered if S. cortisol level is (<7 

mcg/ dl). 

 

Table 5: Comparing echocardiographic findings among patients with normal and abnormal adrenal 

functions.  

Variables 

Normal Adrenal Function 

(S. cortisol >7 mcg) 

n=31 

Mean±SD 

Adrenal 

insufficiency 

n=29 

Mean±SD 

p-value 

Ejection fraction (%) 39.24±7.11 39.09±7.27 NS 

Fractional shortening (%) 19.39±4.05 21±6.27 NS 

Left atrium diameter in end systole (mm) 42.76±7.64 43.26±10.04 NS 

Left ventricular end systolic diameter (mm) 48.08±8.17 50.83±10.66 NS 

Left ventricular end-diastolic diameter 

(mm) 

59.94±9.97 64.83±9.95 NS 
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Table 6: Correlation between fasting serum Cortisol levels and different variables. 

 Fasting s. cortisol level  

(in mcg/ dl) 

Pearson Correlation P value 

Gender 0.01 0.9 

Left Atrium Diameter (mm) -0.03 0.73 

left Ventricular End Diastolic Diameter (mm) -0.14 0.15 

left ventricular end systolic diameter (mm) -0.1 0.31 

Ejection Fraction (EF %) 0.03 0.74 

Systolic Blood Pressure 0.028 0.78 

Diastolic Blood Pressure 0.016 0.88 

Heart Rate 0.049 0.64 

Total Bilirubin -0.15 0.15 

S. Albumin -0.07 0.52 

Prothrombin Time -0.07 0.49 

ALT -0.06 0.56 

AST -0.06 0.55 

HB 0.06 0.53 

 

 

 
Figure 2: Box plot diagram of mean Ejection Fraction percentage among patients with adrenal insufficiency and 

those without Adrenal Insufficiency. 

 

Figure [2] shows the mean EF among patients with normal and abnormal adrenal function (<7 mcg/ 

dl). There was no statistically significant difference between the two groups. (P>0.05) 
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Figure 3: The correlation between ejection fraction (%) and fasting serum cortisol level (mg/dl) among the 

studied patients. 

 

Figure [3] shows scatter blot chart representing the correlation between ejection fraction (%) and 

fasting serum cortisol level (mcg/ dl) among the studied patients. There was no statistically significant 

correlation between them (P>0.05) 

 

DISCUSSION 

The current study included 60 patients who were 

diagnosed as advanced liver disease. They were 

assessed for possible adrenal gland insufficiency 

(AI) using fasting serum free cortisol level as a 

primary screening marker. We attempted to 

explore the relationship between CCM 

parameters and AI. 

The results showed that the mean age of the 

studied patients was 63.83±7.64. Males 

constituted 87.4% of them.  The advanced age of 

the studied population could be related to the fact 

that only Child C class patients were included. 

Said et al. [30] noted that cirrhotic patients 

followed for one year; age, male gender, Child’s 

class and encephalopathy, were related to the 

increased mortality. Salari et al. [31] found that 

age older than 60 yr. had more diastolic 

insufficiency and hence, possibility of 

cardiomyopathy. The same result was obtained 

by El-Adl et al. [32] who found that cardiac 

changes like the increased diastolic insufficiency 

are related to age in cirrhotics compared to 

control group. 

Low systemic vascular resistance and 

bradycardia are reported in cirrhosis [33]. 

However, 88.4% of our patients had elevated end 

diastolic left ventricular diameter with a mean of 

62.31±10.21 mm. In early cirrhosis; both the 

increased blood volume and cardiac preload 

result in an overload on the left ventricle which 

may lead to impaired contractility. 

There is a resultant increase in LV mass with 

decreased compliance and relaxation, resulting in 

abnormal filling of the ventricle. The severity of 

LVDD correlates with the worsening in liver 

disease. Its prevalence is higher in patients with 

ascites [30]. 

The association between liver failure and adrenal 

insufficiency (AI) has not been well studied. The 

mean level of fasting serum cortisol among our 

patients was 7.95±5.23, with 48.4% of them 

having AI. Such a prevalence is less that that 

reported in other studies [20,34,35] Because of 

the fact that there is no consensus on the 

definition or the optimal diagnostic method for 

AI in cirrhosis; studies estimating the prevalence 

of AI in patients with cirrhotic cardiomyopathy 

have got variable results. In addition, we only 

depended on the fasting free serum cortisol for 

diagnosing AI which could stand behind the 

lower reported prevalence compared to other 

studies. Harry and coworkers demonstrated an 

abnormal high-dose cosyntropin stimulation test 

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

[34]. McDonald et al. reported 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 [35]. AI has been 

found in 66% of patients with decompensated 
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cirrhosis without sepsis, 61% post liver 

transplantation patients and 38% with 

compensated cirrhosis [20]. 

However, the prevalence of AI is overestimated 

in cirrhotics, because of the assessment of total 

plasma cortisol rather than free one. 

Nevertheless, two other studies, which measured 

plasma free cortisol and salivary cortisol; AI was 

9% and 12% respectively [36]. 

Detecting AI in patients with cirrhosis and liver 

failure is considered of paramount importance. In 

a study in 2006, it was found that among patients 

with cirrhosis who were admitted to the ICU for 

septic shock, more than 50% had AI. 

Importantly, in the same study AI was associated 

with a substantial increase in mortality (80% vs. 

37%; P<0.001) [37]. 

Data are lacking in the context of cardiac 

function in chronic AI. Adrenal-ectomized cats 

showed a reduction of 56% in cardiac 

performance 8–10 days post adrenalectomy. As 

the coronary artery perfusion and the mean 

arterial blood pressure were found to be normal 

postoperatively; the corticosteroid deprivation 

was behind the cardiac insufficiency. Myocardial 

impairment was prevented by the administration 

of both gluco- and mineralocorticoid [28]. 

Both acute and chronic AI are related to cardiac 

insufficiency. Moreover, in isolated 

glucocorticoid insufficiency; electro and echo-

cardiographic disturbance can appear without 

any biochemical abnormality. These changes 

completely improve with cortisol replacement 

therapy. This suggests an etiological role of 

glucocorticoids in AI-associated with cardiac 

insufficiency [27]. 

There are very few studies exploring the relation 

between AI and circulatory insufficiency 

associated with cirrhotic cardiomyopathy [38]. 

Acevedo et al [25] studied a total of 166 patients 

with decompensated cirrhosis. AI was observed 

in 43 patients (26%) compared to 48% found in 

our study population. Its prevalence was similar 

among patients with different degrees of 

decompensation. Patients with AI presented a 

higher degree of circulatory insufficiency than 

those without AI [25]. 

However, in the present study we could not find 

any significant difference in the selected 

parameters related to cirrhotic cardiomyopathy 

between patients with or without adrenal 

insufficiency in terms of ejection fraction, left 

atrial and left end systolic/diastolic ventricular 

diameters. 

Limitations: the limited number of the studied 

subgroups on one hand and the absence of a 

matched control group of low ejection fraction 

non –cirrhotic patients on the other hand could 

stand behind such a lack of difference. We only 

depended on the fasting free serum cortisol for 

diagnosing AI which could stand behind the 

lower reported prevalence Further large scale 

controlled studies are suggested for exploring 

more the relationship between AI and the cardiac 

insufficiency found in advanced liver disease. 

Conclusion  

Forty eight percent of child’s C studied patients 

(who showed low ejection fraction on ECHO 

study) had adrenal gland insufficiency. However, 

there was no significant correlation between AI 

and any of the selected parameters related to 

cirrhotic cardiomyopathy. 

Abbreviations: 

AI: adrenal insufficiency  

CCM: Cirrhotic Cardiomyopathy 
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