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ABSTRACT 
 
Introduction: Commonest cause of cirrhosis of liver includes infection by hepatitis B and C viruses which 
lead to persistent inflammation and progressive fibrosis. Objective: To find the Correlation between the 
severity of Grade of Hepatic Encephalopathy with Serum ammonia and Sodium levels in patients of cirrhosis. 
Place and Duration of Study: Department of Medicine, Nawaz Shareef Social Security Hospital Multan 
Road, Lahore affiliated with University of Lahore from January 2016 to June 2016.  Methods:  132 cirrhotic 
patients with Hepatic Encephalopathy were included in this study. Hepatic encephalopathy  was graded 
according to the West Haven Criteria. Serum ammonia and serum sodium levels were evaluated in them. 
Serum ammonia was labeled as normal or high whereas Serum Sodium was divided into four groups (Group 
1) > sNa 135mEq/l, (Group 2)131-135mEq/l, (Group 3) 126-130mEq/l, (Group 4) <125mEq/l. Ammonia and  
serum sodium levels were correlated with the severity of HE using Pearson coefficient correlation. Results: 
Out of the 132 patients 28, 30, 30 and 44 were in Grade I, II, III and IV hepatic encephalopathy, respectively. 
Serum ammonia was high in 40 patients and out of them 20% and 60% had grade III and IV HE. 29 patients 
had serum Na of less than 130mEq/l, out of them 72.41% were in grade III and IV of hepatic encephalopathy. 
Correlation of Serum Ammonia and Serum Sodium with Grade of hepatic encephalopathy was statistically 
significant with p value 0.01 for both. Conclusion: Higher Grades of hepatic encephalopathy  are seen in 
patients having  hyperammonemia and hyponatremia. 
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INTRODUCTION 
 

 Commonest cause of cirrhosis of liver 
includes infection by hepatitis B and C viruses 
which lead to persistent inflammation and 
progressive fibrosis1. Hepatitis C virus (HCV) 
infection affects almost three percent of the world’s 
population2 and is a major cause of chronic 
hepatitis, cirrhosis and hepatocellular carcinoma3. 
Hepatic encephalopathy is a fatal complication of 
both acute and chronic liver failure 4 and a poor 
prognostic sign, with 1-year mortality rate of almost 
60% 5. 
 HE is a neuropsychiatric syndrome whose 
exact etiology is still unclear6. Ammonia is toxic to 
the brain and is considered central to the 
pathogenesis of HE7. Astrocytes are the main site of 

ammonia detoxification.8  Hyperammonemia results 
in microglial activation and Alzheimer type II 
astrocytosis9, which causes exhaustion of the 
volume regulatory capacity of the astrocytes  
ultimately leading to low grade cerebral edema and 
HE8,10.. Advanced cirrhosis results in increased 
secretion of ADH causing impaired ability of the 
kidneys to excrete free water resulting in 
hyponatremia11. This hyonatremia lowers the levels 
of myo-inositol in the astrocytes resulting in cerebral 
edema and development of overt HE12. 
Hyponatremia in cirrhosis is associated with a high 
morbidity and mortality13 and like ammonia is a 
marker of poor prognosis in patients with cirrhosis 
and in development of cirrhosis related 
complications14. 
 Ammonia and hyponatremia result in low 
grade cerebral edema leading to HE which is 
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clinically manifested by attention deficits, 
alterations in sleep patterns, muscular in-co-
ordination ultimately progressing to stupor, coma 
and seizures15. Hyperammonemia alone is not 
always responsible for causing hepatic 
encephalopathy and, at times, patients with hepatic 
coma have been found to have normal blood 
ammonia levels and vice versa1,16. Similarly 
according to Fredrick hyponatremia alone is also not 
sufficient to trigger HE a second hit like ammonia 
places osmotic stress on the astrocytes leading to 
cerebral edema17.  
 Recent research points towards a synergistic 
role of hyperammonemia, electrolye imbalance and 
systemic inflammation in the development of overt 
HE18,19. Many National and International studies are 
available on the effects of serum ammonia and 
hyponatremia alone in the development of HE, but 
limited data is available on the effects of ammonia 
and hyponatremia collectively in the development of 
HE .The aim of our study is to find the effect of 
both serum ammonia and hyponatremia on the 
development of HE in patients with cirrhosis of liver 
presenting to a tertiary care hospital.  
 
Objective  
 A single centered study to find the 
Correlation between severity of the grade of Hepatic 
encephalopathy with serum ammonia and serum 
sodium levels. 
 
Inclusion criterion 
 All patients with Hepatic Encephalopathy due 
to chronic liver disease. 
 
Exclusion criterion  
 Patients with Encephalopathy because of  
 Renal failure 
 Hypertension  
 Sepsis  
 CNS infections (Meningitis, Encephalitis) 
 Uncontrolled Diabetes  
 

MATERIAL AND METHOD 
 
 132 patients in Hepatic encephalopathy due 
to chronic liver disease were registered after 
informed consent from patients or their relatives at 

Punjab Employee’s Social Security Hospital 
affiliated with University of Lahore. Liver cirrhosis 
was defined by typical clinical features of 
decompensated liver cirrhosis coupled with 
ultrasonographic findings. Patients were examined 
for the clinical grade of hepatic encephalopathy 
within the first few hours of admission according to 
the West-Haven criteria20. 
Grade 1 Trivial lack of awareness, sleep 

disturbance, slowing in the ability to perform 
mental tasks.  

Grade 2 Lethargy or apathy, inappropriate behavior, 
slurred speech, presence of asterixis . 

Grade 3 Somnolence, confusion, disorientation to 
place. 

Grade 4 Coma with or without response to painful 
stimuli. 

 
 Venous blood was analyzed for the 
measurement of Serum ammonia and Serum sodium 
levels within the first hour of admission. Ammonia 
was classified into two groups Normal and High. 
Serum Sodium was classified into four groups 
(Group 1) > 135mEq/l, (Group 2) 131-135mEq/l, 
(Group 3) 126-130mEq/l and (Group 4) <125mEq/l.  
 Analytical descriptive study design was 
employed to collect the demographic information 
and for results of laboratory reports. Data was 
recorded on questionnaire in first phase then entered 
into statistical package for social sciences (SPSS) 
version 20 for statistical analysis. The data 
contained both qualitative categorical variables and 
quantitative variables. Mean and standard deviation 
were presented for quantitative variables and 
percentages for qualitative variables. Pearson's 
correlation coefficient was employed to correlate 
Grade of HE with serum ammonia and serum 
sodium levels. 
 

RESULTS 
 
 132 patients in HE because of chronic liver 
disease participated in the study. Out of which 70 
(53%) were male and 62 (47%)were female. 101 
patients (76.5%) patients were suffering from 
hepatitis C, out of  them 55were male, 46 were 
female, 27 (20.5%) patients were suffering from 
Hepatitis B, 2 patients (1.5%) had both hepatitis B 
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and C, 2 patients (1.5%) had alcoholic liver disease 
(Table 1) 
 Of these 132 patients 28, 30, 30 and 44 
patients were in the Grade I, II, III and IV HE 
respectively (Table 2). The commonest precipitating 
cause of HE in our study was constipation 36.4% 
followed by infection18.2%, upper gastrointestinal 
bleed 18.2% and dehydration 15.2% (Table 3). 
 
Table 1: Cause of CLD 
 

Gender  No. % 
Male Female 

Cumulative  
Percent 

      
HCV 101 76.5 55 46 76.5 
HBV 27 20.5 13 14 97.0 
HBV + HCV 2 1.5 0 2 98.5 
Others 2 1.5 2 0 100.0 
Total 132 100.0    
      
 
Table 2: Grade of HE. 
 

Grade of HE Gender 
I II III IV 

Total 

      
Male 12 22 14 22 70 
Female 16 8 16 22 62 
Total 28 30 30 44 132 
      
 
Table 3: Precipitating factor of HE. 
 

 No. % Valid  
Percent 

Cumulative 
Percent 

     
Constipation 48 36.4 36.4 36.4 
Infection 24 18.2 18.2 54.5 
Upper GI bleed 24 18.2 18.2 72.7 
Dehydration 20 15.2 15.2 87.9 
Worsening asictes 16 12.1 12.1 100.0 
Total 132 100.0 100.0  
     

 
 Serum ammonia level was normal in 92 
patients (69.7%) and raised in 40 (30.3%) patients 
(Table 4). Of the 40 patients with raised serum 
ammonia level 16 were male and 24 were female. 
24, 8 and 8 of the patients with raised serum 
ammonia levels were in grade IV, III and II of HE, 
respectively. Pearson Correlation was applied for 
Grade of HE and Serum ammonia level which was 
0.01 and is statistically significant (Table 5). 
 Of the 132 patients 56 (42.4%) were in Group 
1 (sNa >135), 47 (35.6%) in Group 2 (sNa131-135), 
28 (21.2%) in Group 3 (sNa 125-130) and 1(0.8%) 

in Group 4 (sNa <125). In Group 1 Grade I, II, III 
and IV of HE were seen in 24, 24, 4 and 4 patients, 
respectively. In Group 2 Grade I, II, III and IV of 
HE were seen in 4,6,17 and 20 patients respectively. 
In Group 3 out of the 28 patients 8 and 20 patients 
were in Grade III and IV, respectively. The 1 patient 
in group 4 was in Grade III HE (Table 6). Pearson 
coefficient correlation was applied between HE and 
serum sodium level which was 0.01and is 
statistically significant (Table 7). 
 
Table 4: Serum Ammonia  Grade of HE 
 

Grade of HE Serum ammonia 
I II III IV 

Total 

      
Normal 28 22 22 20 92 
Raised 0 8 8 24 40 
Total 28 30 30 44 132 
      

 
Table 5:  Pearson Correlations. 
 
 Grade  

of HE 
Serum  

Ammonia 
   

Pearson Correlation 1 .420** 
Sig. (2-tailed)  .000 Grade of HE 
N 132 132 
Pearson Correlation .420** 1 
Sig. (2-tailed) .000  Serum Ammonia 
N 132 132 

    
**Correlation is significant at the 0.01 level (2-tailed). 
 
Table 6: Serum Na and Grade of HE. 
 

Grade of HE Serum ammonia 
I II III IV 

Total 

      
Group 1 24 24 4 4 56 
Group 2 4 6 17 20 47 
Group 3 0 0 8 20 28 
Group 4 0 0 1 0 1 
 28 30 30 44 132 

 
Table 7: Pearson Correlations. 
 
 Grade of HE Serum Na 
   

Pearson Correlation 1 .667**

Sig. (2-tailed)  .000Grade of HE 
N 132 132
Pearson Correlation .667** 1
Sig. (2-tailed) .000 Serum  Na 
N 132 132

  
**. Correlation is significant at the 0.01 level (2-tailed). 
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DISCUSSION 
 
 Our study demonstrated worsening of Grade 
of HE with higher levels of ammonia this is similar 
to an Egyptian study by Abidullah Khan et al. in 
which 86.5% of cirrhotics had HE, out of these 
67.3% patients had hyperammonemia and out of 
them 34.8% and 25.2% patients had Grade III and 
IV HE1. Similarly Qureshi et al. in their study 
demonstrated 36 patients to be having severe 
hyperammonemia and HE, 31 of them were in grade 
IV of HE 21. These results are similar to our study in 
which 60% of the patients with raised ammonia 
level had grade IV HE thus pointing towards to a 
direct relation between increased serum ammonia 
level and deeper grade of HE. In another study 

Bhatia et al. measured serum ammonia levels in 
patients of acute liver failure; their findings were 
also consistent with our findings22. Our study 
demonstrated a direct association between venous 
ammonia and HE whereas. Mehmood et al. 
measured total  ammonia levels in arterial and 
venous blood and calculated partial pressures of 
arterial and venous ammonia in cirrhotics there 
results were consistent with our findings, 
furthermore they added that  partial pressure of 
ammonia in venous blood followed by venous 
ammonia were more strongly associated with Grade 
of HE23. 
 Results contrary to our findings have been 
demonstrated by Tarnah et al who found no 
correlation between the grade of HE and serum 
ammonia levels instead they have documented 
inflammation/SIRS to be associated with severe 
HE18. Similarly Kundra et al. have demonstrated no 
difference in ammonia levels between cirrhotic 
patients with or without HE24. Findings of both 
these studies are in contrast to the findings of our 
study, as of the 40 patients with raised ammonia 
level in our study 24, 8, 8 patients were found to be 
in Grade IV, III and II of HE, respectively . 
 Our study also demonstrated a significant role 
of hyponatremia in the development of HE as of the 
29 patients with serum sodium less than 130 mEq/L, 
21 were in grade III and IV of HE. The findings of 
our study are similar to Guevara et al. who 
documented hyponatremia to result in lower levels  
of myo-inositol (MI) in brain, these low MI levels in 

brain put patients at a greater risk of developing 
HE12. Many studies have reported Hyponatremia to 
be a marker of poor prognosis in patients with 
cirrhosis25 and increase in the incidence of 
complications of cirrhosis14,26 with increasing 
hyponatremia except for upper GI bleed27. Similarly 
Cárdenas et al. demonstrated hyponatremia to 
double the risk of death at 90 days in patients who 
had presented with acute decompensation of 
cirrhosis28  
 Our study has demonstrated a role of both 
ammonia and hyponatremia in the development and 
progression of HE which is much Similar to  

Bernadi et al. who documented HE to magnify in 
patients having hyperammonemia along with 
concomitant hyponatremia29. However these 
findings are in contrast to the findings of  Tranah et 
al. and  Jayakumar et al. 30 who described of a 
possible synergistic role of systemic inflammation 
and hyperammonemia in induction of neutrophil 
degranulation resulting in release of reactive 
oxygen species into the peripheral circulation 
which cross the blood brain  thus resulting in 
HE18,30. Similarly  Romero Gomez  et al. have 
documented of  a synergistic effect of multiple 
factors including hyperammonemia, inflammation, 
hyponatremia and renal insufficiency in the 
precipitation of HE in patients with acute on chronic 
liver failure31,32, unlike our study in which only the 
effects of ammonia and hyponatremia were studied. 
 

LIMITATION 
 

 Our study has several limitations Firstly, the 
levels of serum sodium and ammonia were 
correlated separately with HE there combined effect 
on HE was not judged. Secondly, markers of 
inflammation/ SIRS in the form of complete blood 
picture, blood cultures, C reactive proteins and 
ascitic fluid analysis were not performed in every 
patient and thus occult infection might have been 
missed. Lastly, most of our patients were in higher 
grades of HE and the outcome of their admission is 
not known which might have helped us in assessing 
the morbidity and mortality.  
 

CONCLUSION 
 
 Hyperammonemia and hyponatremia result in 
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higher grades of HE and both have a negative 
influence on the development and progression of 
HE in cirrhotics.  
 Recommendations all patients presenting 
with HE should be evaluated and treated for 
presence of systemic infections along with ammonia 
lowering therapies and correction of electrolyte 
disturbances to reduce mortality in HE as newer 
research is pointing towards the concept of 
synergism in the development of HE. 
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