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ABSTRACT

Objective: The study aimed to assess the incidence of hyponatremia in cirrhosis of the liver and to evaluate the association between serum sodium 
levels and the severity of cirrhosis and its complications.

Methods: Data on inpatients with cirrhosis of the liver were collected on the date of admission. The serum sodium levels on day 1 and the presence 
of complications and their severity in 100 patients were analyzed.

Results: The incidence of dilutional hyponatremia, which was subdivided into three groups (mmol/L): A-≤130, B-131-135, and C-≥136, were 55%, 
25%, and 20%, respectively. The severity of liver cirrhosis was assessed using the CTP score and the MELD score, with a higher score seen in Group A 
(p=0.011 and p=0.012), respectively. Furthermore in group  A, higher grades of complications were seen: grade  3/gross ascites (p=0.001), grade 
lll/lV hepatic encephalopathy (p=0.007), spontaneous bacterial peritonitis (p=0.049), and hepatorenal syndrome (p=0.022). Even in group B with 
s.Na+level 131–135 mmol/L, the development of complications was no less common.

Conclusion: Serum sodium levels must be closely monitored in cirrhotic patients as they suggest the possibility of a potentially negative impact on 
the clinical course of the disease.
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INTRODUCTION

A damaged liver affects almost every bodily process. “CIRRHOSIS” is 
defined histopathologically as the development of extensive fibrosis 
and the replacement of normal hepatic architecture by structurally 
abnormal nodules of fibrotic tissue. These structural changes lead to 
functional changes, collectively known as the syndrome of chronic 
liver failure [1]. Fibrosis and distorted vasculature eventually 
lead to decompensation of the liver, which is manifested by portal 
hypertension  [2-5] and hepatocellular failure [6]. There also occurs 
abnormality in coagulation, hematological abnormalities, and 
metabolic derangements, one of its manifestations is hyponatremia. 
This occurs due to high serum levels of renin and aldosterone, a 
decreased vascular response to vasoactive drugs, and reduced 
solute-free water clearance (due to non-osmotic hypersecretion of 
antidiuretic hormone from neurohypophysis) [2,3,7-9].

Hyponatremia is a common abnormality found in approximately 57% 
of inpatients with chronic liver disease and in 40% of outpatients 
with liver disease [3,10], and is considered a key prognostic factor in 
cirrhotic patients. However, little is known regarding the relationship 
between the degree of hyponatremia and the development of 
complications. Therefore, this study is done to assess the incidence of 
hyponatremia in cirrhosis of the liver and to evaluate the association 
between serum sodium levels and the severity of cirrhosis of the liver 
and its complications.

METHODS

The study “The correlation between serum sodium levels and the 
severity of cirrhosis of the liver and its complications” is a single 
center cross-sectional study with a sample size of 100, conducted 
in the Medicine Department of MKCG Medical College and Hospital, 

Berhampur, Odisha, from September 2015 to August 2017, after seeking 
permission from the institutional ethical committee.

Both male and female patients aged ≥18  years with a diagnosis of 
cirrhosis on the basis of clinical features and ultrasound abdomen 
findings as per proper diagnostic criteria were included.

Patients with any liver disease other than cirrhosis were excluded. 
Patients on diuretics within a 1-month period before admission, other 
causes of hyponatremia, any history of surgery requiring the instillation 
of hypotonic fluids, e.g., colonoscopy preparation, transurethral 
resection of the prostate, etc., and the history of any chronic diseases 
were excluded from the study.

Based on the serum sodium levels on day 1 of admission, patients were 
assigned into three groups: Group A (S.Na + ≤130 mmol/L), Group B 
(S.Na + 131–135 mmol/L), and Group C (S.Na + ≥136 mmol/L); severity 
scores, that is, CTP [11] and MELD, were calculated in all three groups. 
Four complications of cirrhosis were looked for, namely, ascites [12,13], 
hepatic encephalopathy, spontaneous bacterial peritonitis, and 
hepatorenal syndrome in all three groups. Ascites was classified 
as follows: Grade  1 – ascites observed on imaging but clinically not 
detectable; Grade 2 – ascites easily recognized on clinical examination, 
treatable with a salt-restricted diet and diuretics; Grade  3-severe 
abdominal distension requiring LVP [14] Hepatic encephalopathy was 
graded as per West Haven criteria [15]. Furthermore, short-term in-
hospital mortality was determined.

Statistical analysis was performed using the Statistical Package for the 
Social Sciences software. The statistical methods used were the Pearson 
Chi-square test and analysis of variance to determine the p-value for 
the statistical significance of S.Na+ levels with severity scores and 
complications of liver cirrhosis. A p<0.05 was considered significant.
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RESULTS

Patient characteristics
One hundred consecutive patients with liver cirrhosis were assessed for 
severity and complications. Based on the serum sodium concentration 
on day 1 of admission, patients were assigned to three groups: Group A 
(s.Na + ≤130 mmol/L), Group B (S.Na + 131–135 mmol/L), and Group C 
(S.Na + ≥136 mmol/L). The number of patients in each group was 55, 
25, and 20, respectively. There were no significant differences found 
in gender, age, or causative factors for liver cirrhosis among the three 
groups (age p=0.630, sex p=0.536, alcohol intake p=0.215, hepatitis B 
p=0.230, hepatitis C p=0.313) as shown in Table 1.

Assessment of severity scores based on serum sodium levels
Based on CTP scoring, out of 100 patients, serum levels of Groups A, B, and 
C were 42, 14, and 7 in CTP C (63%), 13, 11, and 12 in CTP B (36%). Thus, 
maximum patients were seen in serum sodium levels of ≤130  mmol/l 
(Group A) both in CTP scores B and C. Hence, the CTP score is significantly 
associated with low serum sodium levels (p=0.011), as shown in Table 2.

Based on MELD scoring (score ranges from 6 to 56), patients were 
classified into 5 categories: 6–16 (39%), 17–26 (34%), 27–36 (24%), 
37–46  (1%), and 47–56  (2%). It signifies that in each category, 
the maximum number of patients fell into serum level Group  A 
(s.Na + ≤130 mmol/l). Hence, the MELD score is found to be significantly 
associated with serum sodium levels (p=0.012), as shown in Table 2.

Complications developing risk in relation to serum sodium levels
The frequency and severity of complications arising in relation to serum 
sodium levels, ascites Grade  2 and 3 number of patients (p=0.001) 

(serum Na + level Group  A – 16, 36; Group  B-14, 4, respectively); 
hepatic encephalopathy Grade 3 and 4 (p=0.007) (total patient =15 and 
4 in Group A, respectively); spontaneous bacterial peritonitis (p=0.049) 
had 19 patients in Group A; and hepatorenal syndrome (p=0.022) had 
13 patients in Group A, as shown in Table 2.

DISCUSSION

Electrolyte disturbance occurs commonly in cirrhosis of the liver and 
most commonly in hyponatremia in hospitalized patients [16,17]. 
Hyponatremia is defined as a disorder of plasma sodium concentration 
of <135 mmol/L caused by abnormalities in water homeostasis  [18], 
but in cirrhosis, it is currently defined as a serum sodium level of 
<130  mmol/L [18]. It has been proven, however, that even a mild 
decrease in serum sodium (131–135 mmol/L) carries a worse 
prognosis in comparison with patients within normal values [19]. Both 
hypovolemic and hypervolemic hyponatremia can occur in cirrhosis, but 
(hypervolemic) dilutional hyponatremia is seen in a larger proportion 
(57%) [18,20], caused by solute-free water clearance [17,21]. In recent 
years, hyponatremia has attracted interest as a possible prognostic 
factor for liver cirrhosis [22,23]. This study was conducted to examine 
the incidence of hyponatremia and its complications in the southern 
region of Odisha among patients visiting the tertiary center with liver 
cirrhosis.

Earlier, many studies were conducted to establish a relationship 
between serum sodium levels and the severity of complications. In 
a multicenter study comprising 997 cirrhosis patients assigned to 
three groups based on serum sodium levels similar to this study, 
49.4% and 21.6% were in the S.Na + 131–135 mmol/L (Group B) and 
≤130  mmol/L (Group  A) group, respectively [6]. Similarly, in a study 
with 156 cirrhosis patients, 29.8% were in the S.Na + ≤130 mmol/L 
group, which was significantly correlated with its complications [24]. In 
another study consisting of 188 patients with liver cirrhosis, 47.9% and 
27.1% cases were seen at S.Na + levels of 131–135 and ≤130 mmol/L, 
respectively [19]. In the present study, 55% and 25% of cases are seen 
at S.Na + levels of ≤130 and 131–135 mmol/L, respectively, which is in 
accordance with the earlier studies.

Studying the demographic parameters of the patients, there was no 
significant association between gender, age, and causative factors for 
liver cirrhosis among the three study groups [6,19], as indicated in 
Table  1. Nevertheless, this study showed that lower levels of serum 
sodium are significantly associated with higher CTP and MELD scores 

Table 1: Basal characteristics of the patients (n=100)

Characteristics Value
Gender

Males 79
Females 21

Age
Range in years 18–97

Etiology
Alcohol 70
Hepatitis B 20
Hepatitis C 6
Others 4

Table 2: Severity of disease and frequency of complications by serum sodium levels

Parameter assessed Grading Total GROUP A 
(S.Na+130 mmol/L)

GROUP B 
(S.Na+131–135 mmol/L)

GROUP C 
(S.Na + ≥136 mmol/L)

p‑value

Hyponatremia 55 25 20
CTP score A 1 0 0 1 0.011

B 36 13 11 12
C 63 42 14 7

MELD score (score >8 indicates 
worse prognosis)

6–16 39 17 10 12 0.012
17–26 34 19 9 6
27–36 24 16 6 2
37–46 1 1 0 0
47–56 2 2 0 0

Ascites 94 55 24 15 0.001
Grade 1 20 3 6 11
Grade 2 33 16 14 3
Grade 3 41 36 4 1

Hepatic encephalopathy 40 31 6 3 0.007
Grade 1 7 3 3 1
Grade 2 13 9 2 2
Grade 3 16 15 1 0
Grade 4 4 4 0 0

Hepatorenal syndrome 15 13 2 0 0.022
Spontaneous bacterial peritonitis 25 19 3 3 0.049
Short term in‑hospital mortality 13 11 1 1 0.176
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(p=0.011 and 0.012, respectively) [23], indicating the presence of 
advanced liver disease and a poor outcome. Table 2, It was also seen 
that complications of cirrhosis, namely, ascites, hepatic encephalopathy, 
hepatorenal syndrome, and spontaneous bacterial peritonitis, occurred 
in greater proportion, with higher grades seen with decreasing levels 
of serum sodium [25]. On short-term follow-up, the overall mortality 
in hospitalized patients was <15%, highest with a lower serum sodium 
level of ≤130 mmol/L (group A) [26].

CONCLUSION

Thus, this study concludes that serum sodium levels in cirrhosis of the 
liver must be monitored at the time of admission, and low levels, even 
modest decreases, must be treated effectively. It must be considered 
as an effective tool in assessing the prognostic outcomes related to 
disease severity as well as the occurrence and severity of complications 
and short-term in-hospital mortality of the patients. Hence, it must be 
widely included in the regular protocol while assessing patients with 
cirrhosis of the liver.

Limitation of the study
It did not estimate the effect of serum sodium levels on the risk of 
developing complications but simply observed the concurrent presence 
of complications at the time of admission. One of the complications, i.e., 
bleeding manifestations, could not be assessed like in other studies done 
on this topic due to the lack of proper routine endoscopy procedures in 
the institute. Hence, further studies are needed to determine the same.
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