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abstraCt
Snakes that cause kidney injury are myotoxic and hemotoxic snakes, it causes intravascular hemolysis, rhabdomyolysis, 
hemorrhage and disseminated intravascular coagulation.Considering the drawback of serum creatinine in predicting AKI 
(Acute Kidney Injury), newer biomarker should be used to detect AKI early so that timely intervention can be done. 
This study is to be conducted among 50 snake bite patients with acute kidney injury who are admitted at the Govt. Rajaji 
hospital, Madurai. Mean age (± S.D): 37.84 (15.84) years, minimum: 14 years, maximum: 70 years. Serum creatinine at 
24 hours after snake bite in this study was 1.57±0.8 mg/dl. Serum cystatin C value at 24 hours after snake bite in this study 
was 1.82±0.5 mg/dl.56%(n=26) of the study subjects were predicted as having early AKI according to e-GFR based on 
creatinine at 24 hours. 94%(n=47) of the study subjects were predicted as having early AKI according to e-GFR based on 
cystatin-C at 24 hours. About 20 participants (40%) who were not detected with early AKI by creatinine based e-GFR were 
detected as having early AKI by cystatin-C based e-GFR.
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Introduction

AKI is a variable group of diseases with same 
features; it does not denote a single condition. 
It is associated with changes in electrolyte and 
acid base status of the blood. In developing 
countries condition like acute diarrheal 
diseases, Malaria and Leptospirosis accounts 

for the majority of AKI cases [1-6]. It is seen in 
30% of ICU patients and 5% of in patients. It is 
mostly asymptomatic and can be diagnosed by 
increase in BUN and creatinine. Urine output 
< 400 ml is oliguria which is seen in only 50% 
of patients. AKI increases the mortality and 
increases duration of hospital stay. AKI can be 
identified by serial measurement of blood urea 
nitrogen and creatinine. GFR can fall without 
increase in serum creatinine in patient with 
reduced muscle mass especially in elderly 
patient [7-11].

Snake bite poisoning is common in India. 
It occurs when people work in bare foot in 
fields or while walking at night. 1.2 to 5.5 
million of snakebite occurs every year all 
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over the world. 20,000 to 94,000 deaths are 
reported. When envenomation occurs, it 
results in complications such as renal failure. 
Renal failure is in the form of acute tubular 
necrosis. Bilateral cortical necrosis is associated 
with poor prognosis. Out of the 3000 species 
of snakes only 15% are poisonous. Snakes 
are poikilotherms and live in a region with 
temperature around 25 to 35 degrees. Around 
97% snake bites are seen in extremities. Snake 
bites are common in men. Out of poisonous 
snake bites 85% are hemotoxic [12-14].

Renal injury is one of the most common 
causes of death among patients who survived 
the early phase. Cause of AKI in Russell’s viper 
bites is toxic nephropathy and blood pressure 
alteration. Chronic kidney disease is seen after 
bilateral cortical necrosis, panhypopituitarism 
and diabetes insipidus have been reported 
in Russell’s viper bites. Kidneys are affected 
in different spectrum in snakebite. Clinical 
manifestations are proteinuria, hematuria, 
pigmenturia and acute kidney injury[15]. 
Hemotoxic and myotoxic snake bites are 
the causes of acute kidney injury. In India, 
Russell’s viper and Echis carinatus bites are 
leading causing of AKI and the incidence 
of AKI is 13-32%.The mechanism of AKI 
are prolonged hypotension, disseminated 
intravascular coagulation, intravascular 
hemolysis, myoglobinuria and direct damage 
to the tubules [16].

Materials and Methods

This study were conducted among 50 snake 
bite patients with acute kidney injury who 
are admitted at the Govt. Rajaji hospital, 
Madurai. Patients with age more than 13 
years are included in the study and those with 
history of chronic kidney diseases, diabetes, 
hypertension, chronic liver disease, patients 
received nephrotoxic drugs are excluded from 
study. Specimens are collected using standard 
vein-puncture techniques. The samples were 

assayed immediately after collection or samples 
were stored at -200 C  Degree. The extracted 
sera are used for assessing serum cystatin C 
level using sandwich enzyme immunoassay 
ELISA technique.

Results

50 hemotoxic snake bite patients with acute 
kidney injury in the age group of >13 years, 
who are admitted in Govt.Rajaji Hospital 
Mean age (± S.D): 37.84 (15.84) years, 
minimum: 14 years, maximum: 70 years. 
About 60%(n=30) of the study subjects were 
in the age group of less than 40 years(Table-1). 
Majority of the study subjects were males 
(64%)(n=32) while the remaining 36%(n=18) 
were females(Table-2). 56%(n=28) of the study 
subjects were predicted as having early AKI 
according to e GFR based on creatinine at 24 
hours (Table-3). Mean were Serum creatinine-
1.57,SD-0.822,minimum-0.5,maximum-
2.9.94%(n=47) of the study subjects were 
predicted as having early AKI according 
to e GFR based on cystatin-C at 24 hours 
(Table-4). Mean cystatin-c at 24 hours were-
1.82,SD-0.513,minimum,0.7,maximum-
3.0.About 20 participants (40%) who were 
not detected with early AKI by creatinine 
based e-GFR were detected as having early 
AKI by cystatin-C based e-GFR(Table-5). 
There was a statistically significant positive 
linear correlation indicating that the fall in 
serum creatinine levels are reflected in serum 
cystatin-C levels as well(Table-6).

Table.No. 1: Age distribution of the 
study population (n=50)

Age group Frequency Percent
<20 years 8 16

21-30 years 9 18
31-40 years 13 26
41-50 years 8 16
51-60 years 6 12
61-70 years 6 12

Total 50 100.0
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Table.No. 2: Gender distribution  
of the study population (n=50)

Gender Frequency Percentage

Female 18 36
Male 32 64
Total 50 100

Table.No. 3: Early AKI as predicted from  
e GFR based on creatinine at 24 hours (n=50)

Based on creatinine
e GFR at 24 hrs Frequency Percent-

age
Early AKI 28 56
No AKI 22 44

Total 50 100

Table.No. 4; Early AKI as predicted from 
e-GFR based on cystatin-C at 24 hours (n=50)

Based on cystatin-
C e-GFR at 24 hrs Frequency Percentage

Early AKI 47 94

No AKI 3 6
Total 50 100

Table.No. 5 Early AKI according to e-GFR 
based on serum creatinine and  
cystatin-C at 24 hours (n=50)

Prediction of early
AKI at 24 hours

AKI

cystatin-C e-GFR 
at 24 hrs n (%) Total

No AKI
Creatinine 
based e-

GFR at 24 
hrs n (%)

AKI 27 (96.4) 1 
(3.6)

28 
(100)

No 
AKI 20 (90.9) 2 

(9.1)
22 

(100)

Total 47 (94) 3 (6) 50 
(100)

Kappa (measure of agreement): 0.061,  
p value: 0.415

Table.No. 6 Early AKI according to e-GFR 
 based on serum creatinine and 

cystatin-C at 24 hours (n=50)

Correlation Serum cystatin-C 
at 24 hr

Serum 
creatinine
at 24 hr

Pearson 
Correlation 0.473

p value .001

Discussion

The study subjects were the patients who 
were admitted with complaints of snake bite 
in medical ward in Govt. Rajaji Hospital. 
The study subjects were not only from the 
Madurai City, they were from whole of the 
Madurai District comprising both the rural 
and the urban population, since Govt. Rajaji 
Hospital is tertiary care hospital and the 
referral centre. This study has enrolled a total 
of 203 snake bite patients who were admitted 
in medical ward during the period of July 
2013 to December 2013(6 months) of which 
50 patients developed AKI, and were selected 
for this study.

Age distribution in study 
subjects

In this study, out of the 50 patients, the mean 
age was 37.84±15.84 years (Table.No.1). The 
minimum age was 14 years and the maximum 
was 70 years. About 60% of the study subjects 
were in age group of less than 40 years and 
24% were in the age group above 60 years. 
Most of the patients in the age group of less 
than 40 years are affected by AKI. In a study 
done by Qiang li et al. [17] in china, the mean 
age of the study subjects was 38 years and the 
total number of study subjects was 71. In a 
study done by Kumaresan et al. in Thanjavur 
had enrolled 106 patients in the study with the 
mean age of 50 years [9]. In this study, most 
of the patients admitted with snake bite are 
in the age group of less than 40 years there is 
proportionate increase in AKI in this group.
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Serum creatinine distribution

Serum creatinine at 24 hours after snake bite in 
this study was 1.57±0.8 mg/dl. The minimum 
value of serum creatinine was 0.5 mg/dl 
and the maximum concentration of serum 
creatinine was 2.9mg/dl. In a study conducted 
by Herget-Rosenthal et al in New Delhi [16, 
18], 44 patients were enrolled in this study and 
the mean concentration of serum creatinine 
was 1.57mg/dl.  In a study done by Murty 
et al [19], in Mumbai, had 130 patients with 
mean concentration of serum creatinine was 
2.08 mg/dl. In a study done by Kumaresan et 
al in Thanjavur had enrolled 106 patients in 
the study, the mean concentration of serum 
creatinine was 3.39mg/dl.

In this study serum creatinine value at 72 
hours met the AKI criteria by AKIN criteria. 
Out of 50 patients in this study, 22 patients 
were in AKIN stage II (More than 2 to 3 fold 
increase in serum creatinine from baseline) 
and 28 patients were in AKIN stage III (More 
than 3 fold increase in serum creatinine from 
baseline (or) Serum creatinine more than 
or equal to 4 mg/dl (or) Sudden increase in 
Serum creatinine of 0.5 mg/dl (or) Patient 
who receives renal replacement therapy). The 
mean concentration of serum creatinine at 72 
hours in this study was 4.39±2.31mg/dl. The 
minimum concentration was 1.45mg/dl and 
the maximum concentration was 8.12 mg/dl.

Serum cystatin c distribution

Serum cystatin C value at 24 hours after 
snake bite in this study was 1.82±0.5 mg/
dl . The minimum concentration of serum 
cystatin C was 0.7 mg/L and the maximum 
concentration of serum cystatin C was 3 mg/L. 
In a study conducted by Herget-Rosenthal et 
al in New Delhi, 44 patients were enrolled in 
the study, the mean concentration of serum 
cystatin C was 1.79mg/L [16]. In a study 
done by Kumaresan et al. [9] in Thanjavur 

had enrolled 106 patients in the study, the 
mean concentration of serum cystatin C was 
2.29 mg/L. In a study conducted byMi Yeon 
Chung et al. [20] in Korea, 53 patients were 
included and the mean concentration of serum 
cystatin C was 1.3 mg/L. 

Serum cystatin C value at 72 hours after 
snake bite in this study was 4.1±1.14 mg/
dl. The minimum concentration of serum 
cystatin C was 1.61 mg/L and the maximum 
concentration of serum cystatin C was 6.9 
mg/L

Pearson correlation coefficient

In this study Pearson correlation coefficient(R) 
for Serum creatinine and serum cystatin C is 
0.473 and the P value is 0.001. There was a 
statistically significant positive linear correlation 
indicating that the fall in serum creatinine 
levels are reflected in serum cystatin-C levels 
as well. In a similar study done by Murty et 
al [19]. In Mumbai which had 130 patients 
with AKI, Pearson correlation coefficient(R) 
for Serum creatinine and serum cystatin C 
is 0.735 and the P value is <0.01. In both 
these study Pearson correlation coefficient is 
positive and statistically significant, indicating 
that there is positive linear correlation between 
serum creatinine and serum cystatin C, fall in 
serum creatinine levels are reflected in serum 
cystatin-C levels as well.

Kappa (measure of agreement)

Kappa is a statistical measure to assess the 
reliability of agreement between a fixed 
numbers of raters when assigning categorical 
ratings to a number of items. Kappa value in 
this study is 0.061 and the P value is 0.415. 
Measure of agreement between these two 
criteria was not statistically significant and 
hence there is wide disparity in detection of 
early AKI by using creatinine and cystatin-C 
based e-GFR.
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Conclusion

Out of 50 AKI patients in this study, 22 patients 
were in AKIN stage II and 28 patients were 
in AKIN stage III according to the serum 
creatinine value at 72 hours.

Serum creatinine detected 56% of patients 
with early AKI at 24 hours after snake bite. 
It showed that 44% of patients there was 
no AKI at 24 hours after snake bite. This 
shows the drawback of Serum creatinine 
such that it does not increase until the GFR 
has decreased moderately. Serum creatinine 
production varies according to muscle mass, 
age, gender and dietary factors. Tubular 
secretion contributes approximately 20% of 
total creatinine excretion and it can increase 
as GFR decreases. Creatinine blind area (40-
70ml/min/1.73 sq m) gives a false security and 
late detection of kidney damage. 

Serum cystatin C detected 94% of patients 
with early AKI at 24 hours after snake bite. 
It showed that 6% of patients there was 
no AKI at 24 hours after snake bite.There 
was a statistically significant positive linear 
correlation indicating that the fall in serum 
creatinine levels are reflected in serum 
cystatin-C levels as well.

About 20 participants (40%) who were not 
detected with early AKI by creatinine based 
e-GFR were detected as having early AKI 
by cystatin-C based e-GFR. This shows the 
advantage of cystatin C such as it is not affected 
by gender, age, muscle mass and protein intake. 
Cystatin C increases proportionately as GFR 
decreases and it is an ideal endogenous marker 
of GFR. Serum cystatin C is a better marker of 
renal function in early stages of AKI. Serum 
cystatin C based GFR is more accurate and 
useful for early intervention which results in a 
favorable outcome.
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