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ABSTRACT 
 
INTRODUCTION 
Hepatic encephalopathy (HE) is neuropsychiatric syndrome for which symptoms, manifested on a continuum, 
is deterioration in mental status, with psychomotor dysfunction, impaired memory, increase reaction time, 
poor concentration, disorientation, and in severe form coma and may develop at an annual rate of 8% in 
cirrhotic patients in Far Eastern studies. Fluctuation in serum sodium level is a frequent complication of 
advanced cirrhosis related to impairment in the renal capacity to eliminate solute-free water that causes 
retention of water that is disproportionate to the retention of sodium, thus causing a reduction in serum sodium 
concentration and hypo-osmolality. Hyponatremia is a common finding in patients with decompensated 
cirrhosis due to an abnormal regulation of body fluid homeostasis.  

 
OBJECTIVE 
To determine the correlation of serum sodium with severity of hepatic encephalopathy 
 
MATERIAL AND METHODS 
This study was conducted at Naseer Teaching Hospital Peshawar. Duration of the study was 01 year and the 
study design was cross sectional (Correlation) study in which a total of 408 patients were observed by using 
– 0.1411 of correlation coefficient between serum sodium and hepatic encephalopathy 95% confidence level 
and 80% power of test. More over non probability consecutive sampling was used for sample collection.  
 
RESULTS 
In this study mean age was 65 years with SD ± 0.315. Sixty two percent patients were male and 38% patients 
were female. Mean serum sodium level was 123 meq/L with SD ± 0.21. Five percent patients had severity of 
grade I, 39% patients had severity of grade II, 48% patients had severity of grade III and 8% patients had 
severity of grade IV.  Correlation of severity of hepatic encephalopathy with serum sodium level was analyzed 
as all the 20 patients with severity of grade I had serum sodium level ranged 131-133 meq/L. All the 159 
patients with severity of grade II had serum sodium level ranged 126-130 meq/L. In 196 patients with severity 
of grade III, 45 patients had serum sodium level ranged 126-130 meq/L while 151 patients had serum sodium 
level ranged 120-125 meq/L where as all the 33 patients with severity of grade IV had serum sodium level 
ranged 120-125 meq/L.  
 
CONCLUSION 
Hyponatremia was a common feature in patients with cirrhosis and its severity increased with the severity of 
liver disease. The existence of serum sodium concentration < 135 mmol/L was associated with greater 
frequency of hepatic encephalopathy. It was also noticed that more severe the hyponatremia, greater will be 
the grade of hepatic encephalopathy. Close monitoring of serum sodium concentration should be performed 
in patients with cirrhosis in order to prevent the rapid development of cirrhosis related complications. 
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INTRODUCTION 
Cirrhosis is a serious and irreversible disease. It is a major cause of mortality and morbidity 

worldwide. It is also a common cause of mortality amongst Pakistani population and frequent cause 
of admission in our hospitals. Cirrhosis develops in about 10-20% years. The most common cause 
being viral hepatitis as compared to West where alcohol is more common.1 Hepatic encephalopathy 
(HE) is neuropsychiatric syndrome for which symptoms, manifested on a continuum, is deterioration 
in mental status, with psychomotor dysfunction, impaired memory, increase reaction time, poor 
concentration, disorientation, and in severe form coma2 and may develop at an annual rate of 8% 
in cirrhotic patients in Far Eastern studies3.  Previous HE and cognitive dysfunction are associated 
with worse employment, financial status, and caregiver burden. Cirrhosis-related expenses impact 
the family unit's daily functioning and medical adherence. A multidisciplinary approach to address 
this burden is required. 4The clinical diagnosis of overt hepatic encephalopathy is based on two 
concurrent types of symptoms: impaired mental status, as defined by Conn’s score (also called 
West Haven criteria) (on scale from 0 to 4, with greater score indicating more severe impairment), 

5 and impaired neuromotor function.2 Fluctuation in serum sodium level is a frequent complication 
of advanced cirrhosis related to impairment in the renal capacity to eliminate solute-free water that 
causes retention of water that is disproportionate to the retention of sodium, thus causing a 
reduction in serum sodium concentration and hypo-osmolality6. Hyponatremia is a common finding 
in patients with decompensated cirrhosis due to an abnormal regulation of body fluid homeostasis7. 
In patients without liver disease, low serum sodium is primarily associated with a broad variety of 
neurological manifestations related to the existence of brain edema, such as headache, 
disorientation, confusion, focal neurological deficits, seizures, and, in some cases, death due to 
cerebral herniation7. Severity of neurological symptoms in patients with low serum sodium 
correlates roughly with the levels of osmolality and sodium in the extracellular fluid. However, rather 
than the absolute reduction in serum sodium levels, the most important factor in determining the 
severity of neurological symptoms is the rate of fall in serum sodium levels, patients with acute 
hyponatremia having a much higher incidence of neurological symptoms than patients with chronic 
hyponatremia6. 

 
Literature review suggested an association between serum sodium concentration and 

hepatic encephalopathy that serum sodium and serum ammonia concentrations have been the 
major determining factors for abnormal electroencephalographic findings in HE patients and serum 
sodium acts as an independent risk factor for HE6, 8 It has also been observed that low serum 
sodium levels are a very common finding in patients with hepatorenal syndrome and it may not only 
due to increased AVP levels but also to a markedly reduced glomerular filtration rate and increased 
proximal sodium reabsorption9. Severity of neurological symptoms in patients with hyponatremia 
correlates roughly with the levels of osmolality and sodium in the extracellular fluid. However, rather 
than the absolute reduction in serum sodium levels, the most important factor in determining the 
severity of neurological symptoms is the rate of fall in serum sodium levels6.  The present study is 
designed to determine the correlation between serum sodium level and severity of hepatic 
encephalopathy. As mentioned above, the serum sodium level is a strong predictor of severity of 
hepatic encephalopathy and also the literature suggested a bit variation in the correlation coefficient 
between serum sodium level and severity of HE. This study will provide us with local statistics about 
the correlation and if found to significantly negatively correlated, we will share the results of the 
study with other local gastroenterologist and will recommend more studies on its prognostic 
significance before concluding its routine monitoring and baseline screening in patients with 
cirrhosis and HE.  
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MATERIAL AND METHODS 
This study was conducted at Naseer Teaching Hospital Peshawar. Duration of the study 

was 01 year and the study design was cross sectional (Correlation) study in which a total of 408 
patients were observed by using – 0.1411 of correlation coefficient between serum sodium and 
hepatic encephalopathy 95% confidence level and 80% power of test. More over non probability 
consecutive sampling was used for sample collection. Patients presenting within 24 hours of onset 
of HE and both male and female patients aged 18 years and above were included while Patients 
with concomitant chronic renal failure and who are on haemodialysis patients with acute fulminant 
hepatitis, Patients having co morbid conditions like diabetes (fasting blood glucose of > 126mg/dl) 
and hypertension (Blood Pressure of > 140/90mmHg), Patients having spontaneous bacterial 
peritonitis on admission were excluded. The above mentioned conditions act as confounders and 
had cause bias in the study results if not excluded. 
 
 This study was conducted after approval from hospital ethical and research committee. All 
admitted patients meeting the inclusion criteria were included in the study. The diagnosis of cirrhosis 
and HE was based on criteria mentioned above in operational definitions. The purpose and benefits 
of study was explained to the patients and a written informed consent was obtained. All patients 
were subjected to detailed history and examination. HE severity was assessed using west heaven 
classification for grading. From all patients 5 cc of blood was taken under strict aseptic technique 
and was sent to hospital laboratory on the same day. Serum sodium level was measured under the 
supervision of a biochemist who has more than 10 years experience in biochemistry. 
  

All the above mentioned information including name, age, gender and address was recorded 
in the study Performa. Strict exclusion criteria had followed to control confounders and bias in study 
results.  Data collected was entered in SPSS 16. Mean ± SD was calculated for continuous variable 
like age and serum sodium and categorical variable like gender was expressed as frequencies and 
percentages. Spearman’s rank correlation coefficient was calculated to investigate the bivariate 
relationship between serum sodium and HE severity on west heaven system. Results were 
presented as tables and graphs.  
 
RESULTS 

In this study 408 patients were observed in which 126(31%) patients were in age ranged 
40-50 years, 135(33%) patients were in age ranged 51-60 years and 147(36%) patients were in 
age ranged 61-70 years. Mean age was 65 years with SD ± 0.315 . two humdred fifty three 62% 
patients were male whle 155(38%) patients were female.one hundred eighty four 45% patients had 
serum sodium level ranged 120-125 meq/L, 204(50%) patients had serum sodium level ranged 
126-130 meq/L and 20(5%) patients had serum sodium level ranged 131-133 meq/L. Mean serum 
sodium level was 123 meq/L  with SD ± 0.21. Severity of hepatic encephalopathy was measured in 
term of grades and was analyzed as 20(5%) patients had severity of grade I, 159(39%) patients 
had severity of grade II, 196(48%) patients had severity of grade III and 33(8%) patients had severity 
of grade IV. Correlation of severity of hepatic encephalopathy with serum sodium level was 
analyzed as all the 20 patients with severity of grade I had serum sodium level ranged 131-133 
meq/L. All the 159 patients with severity of grade II had serum sodium level ranged 126-130 meq/L. 
In 196 patients with severity of grade III, 45 patients had serum sodium level ranged 126-130 meq/L 
while 151 patients had serum sodium level ranged 120-125 meq/L where as all the 33 patients with 
severity of grade IV had serum sodium level ranged 120-125 meq/L.  
 
 
 
 
 
 

Table1: Age Distribution (n=408)  
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AGE FREQUENCY PERCENTAGE 

40-50 years 126 31% 

51-60 years 135 33% 

61-70 years 147 36% 

Total 408 100% 
 

Table 2: Gender Distribution (n=408) 
GENDER  FREQUENCY PERCENTAGE 

Male  253 62% 

Female  155 38% 

Total 408 100% 
 

  
 

Table 3: Serum Sodium Level (n=408) 

SERUM SODIUM LEVEL 
(MEQ/L) 

FREQUENCY PERCENTAGE 

120-125  184 45% 

126-130 204 50% 

131-133 20 5% 

Total 408 100% 

Mean serum sodium level was 123 with SD ± 0.21 
 

Table 4: Severity of Hepatic Encephalopathy (n=408) 

SEVERITY OF HEPATIC 
ENCEPHALOPATHY   

FREQUENCY PERCENTAGE 

Grade I  20 5% 

Grade II  159 39% 

Grade III 196 48% 

Grade IV 33 8% 

Total 408 100% 

 
 

Table 5: Correlation of Severity of Hepatic Encephalopathy with  
Serum Sodium Level   (n=408) 

 
SERUM SODIUM LEVEL  

120-125 126-130 131-133 Total 

SEVERITY OF HEPATIC 
ENCEPHALOPATHY 

Grade I 0 0 20 20 

Grade II 0 159 0 159 

Grade III 151 45 0 196 

Grade IV 33 0 0 33 

 Total 184 204 20 408 

 Spearman’s rank correlation coefficient was 2.28 
P value was 0.0001 
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DISCUSSION 
Hepatic Encephalopathy has never been less than an unsolved mystery for physicians and 

researchers around the globe. Since the time of Hippocrates it has been difficult to diagnose and 
manage any patient of hepatic encephalopathy. Although the exact pathogenic mechanism is yet 
to be determined, modern research has proved time and again that identifying and removing 
precipitating factors is still the key step in the overall management. Our study shows that majority 
of the patients were old age was 31% patients were in age ranged 40-50 years, 33% patients were 
in age ranged 51-60 years and 36% patients were in age ranged 61-70 years. Sixty two percent 
patients were male and 38% patients were female. Similar results were found in other study in 
which majority (86%) of patients were more than forty years old. Sheikh S et al 141 had a similar 
finding in the province of Balochistan. Slight male dominance in progression to advanced stages of 
chronic liver disease was found in our patients. In our study correlation of severity of hepatic 
encephalopathy with serum sodium level was analyzed as all the 20 patients with severity of grade 
I had serum sodium level ranged 131-133 meq/L. All the 159 patients with severity of grade II had 
serum sodium level ranged 126-130 meq/L. In 196 patients with severity of grade III, 45 patients 
had serum sodium level ranged 126-130 meq/L while 151 patients had serum sodium level ranged 
120-125 meq/L where as all the 33 patients with severity of grade IV had serum sodium level ranged 
120-125 meq/L. Spearman’s rank correlation coefficient was – 0.28. Similar results were found in 
done by Sanyal A et al 10 as he reported correlation between serum sodium level and severity of 
HE is -0.5830. Montono LA et al 11 had reported correlation of serum sodium level and severity of 
HE as -0.14.  Serum sodium predicts prognosis in cirrhosis and may improve the prognostic 
accuracy of the model for end stage liver disease (MELD) score, but the available information is 
limited12. 

 
Saad M et al 13 had reported that patients with low serum sodium tend to have more severe 

ascites (p = 0.001). Hepatic encephalopathy was more frequent in patients with serum sodium <130 
meq/l (p= 0.001). In another study conducted by Cardenas et al 14 shows that more than one half 
(57.9%) of patients had values of serum sodium concentration below the normal range (< 135 meq/l) 
and 30.7% had values < 130 meq/l. Low serum sodium levels were more frequent in patients with 
severe liver failure (Child-Pugh class C) irrespective of age and gender of the patient. The frequency 
of serum sodium < 130 mmol/L in these patients is in accordance with a study by Borroni et al.15 
who reported hyponatraemia in 30% of cases. In a Pakistani study it was found to be 26.7%.13 The 
prevalence of HE was greater (34.15%) as compared to other national and international studies. 
The patients with serum sodium < 130 meq/l had a significantly greater frequency (64%) of HE. 
Many of them had grade III-IV HE as compared to patients with normal serum sodium concentration. 
In previous studies, internationally as well as in Pakistan, there is correlation between hyponatremia 
and presence of HE, but this is even more highlighted in this study. The relationship between 
hepatic encephalopathy and serum levels may be explained on the basis of more severe liver failure 
among patients with serum sodium < 130 meq/l, and the possibility that the two events may be 
pathophysiologically linked.16 Low serum sodium levels in patients with cirrhosis are associated with 
a remarkable reduction in the cerebral concentration of organic osmolytes that probably reflect 
compensatory osmoregulatory mechanisms against cell swelling.17,18,19 A major advance in our 
ability to treat hyponatremia is the introduction and approval of aquaretics (vaptans) which are 
vasopressin V2-receptor antagonists.20 In a review of a previously conducted multi-center study in 
overseas countries, 997 patients with liver cirrhosis and concurrent ascites, who were under the 
care of hepatologists in hepatology outpatient clinics, were assigned to three groups based on 
serum sodium concentration, in a manner similar to that of the current study. The prevalence of 
hyponatremia at a serum sodium ≤135 mmol/L was 49.4%. Concurrent complications such as 
severe ascites, impaired renal function, hepatic encephalopathy, spontaneous bacterial peritonitis 
and hepatorenal syndome, except for gastrointestinal bleeding, occurred with a higher probability 
in  
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cases of severe hyponatremia (serum sodium ≤130 mmol/L) 21. In a study with 156 patients 
hospitalized with liver cirrhosis, the prevalence of hyponatremia, based on a serum sodium 
concentration ≤130 mmol/L, was 29.8%, and hyponatremia was significantly correlated with 
infection and ascites22. In the another study, conducted in patients hospitalized with complications 
due to liver cirrhosis, the prevalence of hyponatremia at a serum sodium concentration ≤135 mmol/L 
was 47.9%, and that of severe hyponatremia at a serum sodium concentration ≤130 mmol/L was 
27.1%. These results were similar to the overseas reports. In fact, the severity of hyponatremia, 
particularly at serum sodium concentrations ≤130 mmol/L, corresponded to higher risks for 
developing ascite encephalopathy, spontaneous bacterial peritonitis, hepatic hydrothorax, severe 
ascites, and severe hepatic encephalopathy, compared with the risks in patients with a serum 
sodium ≥136 mmol/L. In agreement with previous reports, serum sodium concentration was not 
associated with the presence of varices. Furthermore, there was no significant difference in the 
incidences of hepatorenal syndrome and bacterial infections, except for spontaneous bacterial 
peritonitis, among the three serum sodium concentration groups. It is possible that no significance 
was found owing to a lack of statistical power based on the small number of patients with 
hepatorenal syndrome (n=6) or infection (n=15). 

 
Currently, many ongoing studies are examining the pathophysiology of hyponatremia 

accompanied by liver cirrhosis, and delusional hyponatremia has been considered the most 
plausible pathophysiology.23 In animal experiments where portal hypertension was induced, the 
concentration of nitric oxide (NO), with its powerful vasodilatory action, was increased; NO is also 
increased in patients with portal hypertension. Owing to the vasodilatory effect of increased NO and 
the lower effective circulating blood volume in these patients, anti-diuretic hormone secretion is 
facilitated with the mediation of bar receptors, despite the presence of a hypo-osmotic environment. 
The increased level of anti-diuretic hormones lowers solute-free water excretion, leading to 
dilutional hyponatremia. In the current study, the risks for complications such as severe as cites, 
spontaneous bacterial peritonitis, hepatic hydrothorax, and hepatic encephalopathy were increased 
at low serum sodium concentrations. With the exception of hepatic encephalopathy, these 
complications are believed to occur because of increased body fluid resulting from the impairment 
of solute-free water excretion. Hepatic encephalopathy occurs as a result of severe hepatic 
dysfunction. In cases in which hyponatremia is concurrently present, however, the increased 
intracellular concentration of glutamine due to hyperammonemia, along with the adaptation to the 
hypoosmotic extracellular environment of hyponatremia, increases the severity of hepatic 
encephalopathy, because organic osmolytes such as myo-inositol become further depleted in the 
cells.24 The pathophysiology of hepatorenal syndrome can also be explained by increased body 
fluid resulting from the impairment of solute-free water excretion.  

 
As mentioned earlier, however, our results did not reach statistical significance, probably 

because only a few patients with hepatorenal syndrome were enrolled in the present study, in 
contrast to other studies 25 In some studies severity of varices did not correlate with serum sodium 
concentration because development of varices depends on not the excess of body water but the 
histological changes such as the compression of venules by regenerating nodules, perisinusoidal 
obstruction resulting from per portal inflammation, or fibrosis and decreased sinusoidal elasticity 
and diameter caused by collagen deposition in the space of Disse. Further studies are needed to 
demonstrate a significant relationship between the serum sodium concentration and the above 
histological changes. MELD scores were initially designed to predict survival in patients who 
underwent elective placement of a transjugular intrahepatic portosystemic shunt and are currently 
used as an indicator of mortality in patients with liver cirrhosis 26 MELD scores are advantageous 
for objectively predicting mortality in a homogeneous manner because their constituent variables 
are objective. However, MELD scores have the disadvantage of not reflecting the early deaths in 
patients with lower MELD scores. Many studies have been conducted recently to examine the  
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clinical usefulness of MELD-Na scores using the serum sodium concentration as a prognostic 
indicator. In the clinical setting, MELD-Na scores may be more useful than MELD scores for the 
allocation of livers for transplantation and for the prediction a short-term death.27 The clinical 
significance of the serum sodium concentration was demonstrated in a retrospective study that 
looked for factors associated with death prior to liver transplantation in 507 patients with liver 
cirrhosis and lower initial MELD scores. The persistent presence of ascites and hyponatremia were 
independent risk factors in patients with MELD scores lower than 21 points, and MELD scores were 
a prognostic indicator only in other patients.28,29 In the current study, there was a significant 
difference in the 3-year survival rate among the three serum sodium concentration groups. 
However, the 3-year survival rate was higher in patients with serum sodium concentration ≤130 
mmol/L than in those with serum sodium concentration between 131 and 135 mmol/L. These results 
indicate that the serum sodium concentration alone cannot predict the survival rate in patients with 
liver cirrhosis and that factors other than the serum sodium concentration affect patient survival. 
Further large-scale studies are warranted to explore these factors. 
 
CONCLUSION 

Hyponatremia was a common feature in patients with cirrhosis and its severity increased 
with the severity of liver disease. The existence of serum sodium concentration < 135 mmol/L was 
associated with greater frequency of hepatic encephalopathy. It was also noticed that more severe 
the hyponatremia, greater will be the grade of hepatic encephalopathy. Close monitoring of serum 
sodium concentration should be performed in patients with cirrhosis in order to prevent the rapid 
development of cirrhosis related complications. 
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