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Abstract
Background: In India Agriculture being one of the major occupations, snake bite is a familiar occupational hazard of farmers,
plantation workers and others, resulting in tens of thousands of deaths each year and innumerable cases of chronic physical handicap. India accounts for about 40 to 50,000 deaths per year due to snake bite. Among the four species Russell’s viper is the major
cause of snakebite cases in India leading to increased morbidity and mortality mainly due to acute kidney injury (AKI).An
incidence of renal involvement with snakebite envenomation was reported between 1.4–28% in various series of studies.
Aim: To assess the incidence and factors associated with development of acute kidney injury among the snake bite patients.
Methodology: A prospective study was conducted at Government Mohan Kumaramangalam Medical College,Salem for a period
of one year between April 2015 and March 2016. A total of 131 snake bite patients were included in the study based on fulfilling
the inclusion criteria. A detailed history taking related to type of snake and time of bite including the presenting symptoms were
enquired and recorded and a complete physical examination was conducted in each case and laboratory investigations related to
kidney and liver functions along with bleeding disorders was done for all patients. All the patients were followed either till
discharge or death. The kidney injury was graded according to AKIN classification.
Results: The incidence of acute kidney injury among the snake bite patients was 32.3% with varying stage ranging from 1 to 3
among them stage 1 was found to be more common(16%) and stage 3 was reported in 3.8% of the patients. Cellulitis feature was
found to be more common among the patients who had developed AKI and the incidence of cellulitis increases as the staging of
AKI increases. Similarly ptosis, regional lymphadenopathy, respiratory failure, septicaemia and DIC increases as the severity of
AKI increases. The increase in age, increase in the ASV vials used and longer duration between the bite and needle time were
found to have a significant association with increase in the severity of AKI. Among 131 patients 21 patients required dialysis either
in the form of hemodialysis or peritoneal dialysis and 18 patients died and among them 13 had AKI and in that 4 of them had stage
3 AKI.
Conclusion: Snake envenomation leading to acute kidney injury is a major health issue due to delayed referral to appropriate care
centre. Early referral to specified care centre and prompt administration of ASV can reduce mortality and morbidity due to snake
bite leading on to AKI.
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Introduction
In tropical countries snake bite is one among the commonest
cause for morbidity and mortality. Worldwide report had
shown that at least 4,25,000 envenoming and 25,000 deaths
occur each year due to snakebite. These figures may be as
high as 25,41,000 envenoming and more than 1,00,000 deaths,
envenoming occurs in one in every four snakebite cases [1]. In
India Agriculture being one of the major occupations, snake
bite is a familiar occupational hazard of farmers, plantation
workers and others, resulting in tens of thousands of deaths
each year and innumerable cases of chronic physical handicap
[2]
. India accounts for about 40 to 50,000 deaths per year due
to snake bite [3].
As of today total identified species of snakes are about 2500 3000 and among them only 500 are considered to be
venomous [4]. There are two important families of venomous

snakes in Southeast Asia one is Elapidaewhich have a short
permanently erect fangs and it includes the cobras, king cobra,
kraits, coral snakes and the sea snakes and the second one is
Viperidaewhich have long fangs and are normally folded up
against the upper jaw but when the snake strikes it gets erected. Viperiae is further classified into two groups the typical
vipers (Viperinae) and the pit vipers (Crotalinae). In India the
most common venomous snakes are the Indian cobra
(Najanaja), the common krait (Bungaruscaeruleus), the
Russell’s viper (Daboiarusselii) and the saw-scaled viper
(Echiscarinatus) [5, 6].
Among these four species Russell’s viper is the major cause of
snakebite cases in India leading to increased morbidity and
mortality mainly due to acute kidney injury (AKI).7An
incidence of renal involvement with snakebite envenomation
was reported between 1.4–28% in various series of studies [8],
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and the incidence of ARF was reported as 10–32% [9-11].
Among the multifactorial causation for the pathogenesis of
snakebite‑induced AKI (SAKI), elevated oxidative and
carbonyl stress (CS) are the leading cause.Oxidative stress
(OS) results in the modification of protein either directly
through the oxidation of aminoacid residues by reactive
oxygen species (ROS) or indirectly by an increased generation
of reactive carbonyl species [12, 13].
Previous studies had shown a greater susceptibility to sAKI
with increasing age [14, 15] and it had also quoted the risk
factors for developing AKI in snake bite which included age
<12 years, time from hospitalization to antivenom treatment
>2 h, time from snakebite to receiving antivenom>2 h, longer
duration from snakebite to hospital arrival, cellulitis, regional
lymphadenopathy, hypotension, higher total bilirubin level,
lower hemoglobin level, intravascular hemolysis, incoagulable
blood on 20-min whole blood clotting test (20WBCT),
prolonged bleeding time, prolonged prothrombin time (PT),
hemorrhagic manifestations, serum creatine kinase >2000
IU/L, dark or brown urine color, albuminuria, and longer
length of hospitalization [16-19].
Tubular necrosis and cortical necrosis are the most common
pathological lesions in Saki [20]. The AKI which occurs after
snake bite is usually reversible, but if acute cortical necrosis
occurs, it may lead to an incomplete recovery. Acute kidney
injury though considered as an important complication of
snake bite, proper supportive management along with the
antivenom administration is of utmost importance for a good
patient outcome.
Aim
To assess the incidence and factors associated with
development of acute kidney injury among the snake bite
patients.
Methodology
A prospective study was conducted at Government Mohan
Kumaramangalam Medical College, Salem for a period of one
year between April 2015 and March 2016. A total of 131
snake bite patients were included in the study based on
fulfilling the inclusion criteria. The study was conducted after
getting the clearance from the institutional ethical committee
and the informed consent either from the patients or the
guardian of the patient. The inclusion and exclusion criteria of
our study is as follows
Inclusion Criteria
1. History of Snake bite with signs of Envenomation
2. Progressive elevation of serum creatinine >0.3mg/dl from
baseline, a percentage increase in the serum creatinine
concentration of >50% or oliguria of less than
0.5ml/kg/hr for more than 6hrs.
3. Age is more than 18 years.
Exclusion Criteria
1. Patients with Pre-existing Renal Diseases with history of
Snake bite.
2. Extreme age groups - age more than 80 years
3. Patients with contracted kidneys with normal Renal

Parameters with history of Snake bite
Exposure to nephrotoxic drugs

4.

A detailed history taking related to type of snake and time of
bite including the presenting symptoms were enquired and
recorded and a complete physical examination was conducted
in each case. The laboratory investigations included haemoglobin, total and differential leucocyte counts, platelet counts,
red cell counts, bleeding and clotting times, the coagulation
profile which included the prothrombin time, the activated
partial thromboplastin time and the international normalised
ratio (INR), urine microscopy, urine albumin, kidney and liver
function tests and serum electrolytes. The radiological
investigations included X-ray of the chest and ultrasonography
of the abdomen.
All the patients received the tetanus toxoid. Anti-Snake
Venom (ASV) was administered in a dose of 5 vials (50ml) in
the mild cases, in a dose of 5-10 vials (50-100ml) in the
moderate cases and in a dose of 10-20 vials (100-200ml) as an
intravenous infusion in a drip for over 30 minutes. Antibiotics
and diuretics were administered, as indicated. Transfusions of
blood and blood products were given to the indicated patients.
Renal replacement therapy (either peritoneal or haemodialysis,
depending upon the availability of the resources), was given to
21 patients. All the patients were followed either till discharge
or death. The kidney injury was graded according to AKIN
classification.
Table 1: The AKIN classification/staging system of acute kidney
injury [21].
Stage
1
2

SCr
↑ SCr ≥26.5 μmol/L (≥0.3 mg/dL) or
↑SCr ≥150 a 200% (1.5 a 2×)
↑ SCr >200 a 300% (>2 a 3×)

UO
<0.5 mL/kg/h (>6
h)
<0.5 mL/kg/h
(>12 h)

↑ SCr >300% (>3×) or if baseline
<0.3 mL/kg/h (24
SCr ≥353.6 μmol/L (≥4 mg/dL)
h) oranuria (12 h)
↑SCr ≥44.2 μmol/L (≥0.5 mg/dL)
a SCr, serum creatinine; UO, urine output.
b Stage 3 also includes patients requiring RRT independent of the
stage (defined by SCr and/or UO) they are in at the moment they
initiate RRT.
3b

All the data were entered and analysed using SPSS version 21.
Mean and standard deviation was derived for all the
parametric variables and chi-square test was used to derive
association between two variables and regression analysis was
done between the dependant and independent variables. P
<.05 was considered as statistically significant.
Results
The age and sex wise distribution of the study subjects is
shown in table 2. It is seen from the table that majority of the
study subjects are in the age group between 30 and 50 years
and the male: female ratio was 2.01: 1. The minimum age of
the study subjects was 18 years and the maximum age was 80
years with a mean age of 38 years. Among the study subjects
the maximum number of them had the bite in right foot
followed by left foot and the other sites of bite were right and
left hand (table 3). Most of the subjects (48%) had the bite to
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needle time with less than 2 hrs and the maximum time for the
bite to needle time was 50 hrs with a mean time of 3.5 hrs
(table 4). Of the various clinical manifestations of the study
subjects cellulitis was found to be the most common
manifestation followed by regional lymphadenopathy.
Oliguria was present in 52% of the subjects, DIC and
septicaemia was seen in 12.2% and 9% respectively and
respiratory failure was seen in 6% for whom ventilator support
was given (table 5). The incidence of acute kidney injury
among the snake bite patients was 32.3% with varying stage
ranging from 1 to 3 among them stage 1 was found to be more
common (16%) and stage 3 was reported in 3.8% of the
patients (table 6). Logistic regression analysis between acute
kidney injury and the other clinical and laboratory
manifestations among the study subjects was shown in table 7.
Cellulitis feature was found to be more common among the
patients who had developed AKI and the incidence of
cellulitis increases as the staging of AKI increases. Similarly
ptosis, regional lymphadenopathy, respiratory failure,
septicaemia and DIC increases as the severity of AKI
increases. The increase in age, increase in the ASV vials used
and longer duration between the bite and needle time were
found to have a significant association with increase in the
severity of AKI. Among 131 patients 21 patients required
dialysis either in the form of hemodialysis or peritoneal
dialysis and 18 patients died and among them 13 had AKI and
in that 4 of them had stage 3 AKI.
Table 2: Age and sex wise distribution of the study subjects
Age group
Male
Female
Total
P value
18 – 30
16 (21.3%)
9 (16%)
25 (19%)
31 – 40
22 (29.3%) 16 (28.5%)
38 (29%)
41 – 50
14 (18.6%) 15 (26.7%) 29 (22.1%)
51 – 60
13 (17.3%) 11 (19.6%) 24 (18.3%)
0.716
61 – 70
7 (9.3%)
4 (7.1%)
11 (8.3%)
>70
3 (4%)
1 (1.7%)
4 (3%)
Total
75 (100%) 56 (100%) 131 (100%)
Mean ± SD 38.4 ± 6.8
37.3 ± 7.2
37.9 ± 6.6
Table 3: Distribution of the study subjects based on the site of bite

Site of bite
Left foot
Right foot
Left hand
Right hand
Total

Frequency
37
58
16
20
131

Percentage
28.2%
44.2%
12.2%
15.2%
100%

Table 4: Distribution of the study subjects based on the bite to
needle time
Bite to needle time
<2 hrs
2 – 5 hrs
5 – 10 hrs
10 – 20 hrs
20 – 30 hrs
30 – 40 hrs
>40 hrs
Total

Frequency
63
28
14
11
8
3
4
131

Percentage
48%
21.3%
10.6%
8.3%
6.1%
2.2%
3%
100%

Table 5: Distribution of the study subjects based on the clinical
manifestations at the time of presentation
Clinical presentation
Cellulitis
Hypotension
Regional lymphadenopathy
Ptosis
Respiratory failure
Oliguria
DIC
Septicaemia

Frequency
98
11
76
24
8
68
16
12

Percentage
74.8%
8.3%
58%
18.3%
6.1%
51.9%
12.2%
9.1%

Table 6: Distribution of the study subjects based on the staging of
acute kidney injury
AKI
Stage 0
Stage 1
Stage 2
Stage 3
Total

Frequency
88
21
17
5
131

Percentage
67.1%
16%
12.9%
3.8%
100%

Table 7: Logistic regression analysis between acute kidney injury and the other clinical and laboratory manifestations among the study subjects
Clinical manifestations
Cellulitis (n=98)
Hypotension (n=11)
Regional lymphadenopathy (n=76)
Ptosis (n=24)
Respiratory failure (n=8)
Oliguria (n=68)
DIC (n=16)
Septicaemia (n=12)
Mean number of ASV vials used
Mean age
Mean bite to needle time (hrs)
Death (n=18)
Male (n=75)
Female (n=56)

AKI stage 0 (n=88)
55 (62.5%)
2 (2.2%)
37 (42%)
6 (6.8%)
0
25 (28.4%)
0
0
12
34.2
1.8
5 (5.6%)
48 (54.5%)
41 (46.5%)

AKI stage 1 (n=21)
21 (100%)
4 (19%)
19 (90%)
5 (23.8%)
1 (4.7%)
21 (100%)
1 (4.7%)
1 (4.7%)
18
37.6
8.8
3 (14.2%)
16 (76%)
4 (19%)

Discussion
Snakebites have the highest incidence in Asia and they
represent an important health problem. The exact pathogenesis

AKI stage 2 (n=17)
17 (100%)
4 (23.5%)
15 (88.2%)
8 (47%)
3 (17.6%)
17 (100%)
10 (58.8%)
7 (33.3%)
26
47.6
10.4
6 (35.2%)
8 (47%)
9 (52.9%)

AKI stage 3 (n=5)
5 (100%)
1 (20%)
5 (100%)
5 (100%)
4 (80%)
5 (100%)
5 (100%)
4 (80%)
34
49.8
20.8
4 (80%)
3 (60%)
2 (40%)

P value
<.0001
0.01
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
0.0817

of AKI following snake bites, is not well established.
However, a number of factors contribute to it, like bleeding,
hypotension, circulatory collapse, intravascular haemolysis,
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disseminated intravascular coagulation, microangiopathic
haemolytic anaemia and the direct nephrotoxicity of venom
[22]
. Tubular necrosis (53.6%) and cortical necrosis (24.3%)
are the main causes of acute renal failure [20]. Acute interstitial
nephritis has also been described [23]. Males are affected more
often than the females, as they constitute the working majority
who are actively engaged in farming and other outdoor
activities. Our findings were concurrent with those of earlier
studies [24, 25]. In our study, predominantly, the younger
population was involved (20-40 years of age), probably due to
their more ambulant nature.26,27 A study which was done by
Bhat et al., had also noted that 80% of the cases occurred in
this age group28. In our study, most of the victims who
developed were bitten on the lower limbs (72.4%). A similar
observation was reported in a study which was done by
Viramani et al. [26] Majority of the snake bites occurred
between 6 am to 10 pm, i.e., during working hours in the field.
As expected, the snake bites more commonly involving lower
limbs. The incidence of AKI in the present study was 32.1%
which was found to be relatively high when compared to the
other studies similar studies from India [29-31]; whereas the
prevalence of acute renal failure in snake bite in studies from
Nigeria, Israel, Thailand, and South-east Anatolia has been
found to be 1-10%, 6.2%, 5%, and 8%, respectively [32-34]. A
study done by Tushar B. Patil, at Nagpur found the incidence
of AKI among snakebite patients as 22% [35].
Almost all of the patients with AKI had local cellulitis,
indicating the vasculotoxic nature of envenomation. In
viperine bites, the earliest symptom is development of pain
and swelling due to cellulitis, which can spread over whole
extremity, and can also lead to compartment syndrome
threatening the viability of the limb or its part [36]. This can
have important consequences if it leads to loss of digits due to
ischemia and gangrene. The other common symptoms were
oliguria (51.9%), edema, which are consequences of renal
failure in this patients. 8.3%patients had hypotension, and
other bleeding manifestations were present in 12.2% patients.
Similar figures have been reported previously also [37].
Cellulitis was one of the independent risk factors which was
related to the development of AKI in our study. The earliest
symptoms which are seen in the patients of viper bite are pain
and swelling at the bitten part. Regional lymphadenopathy
was another significant independent factor which contributed
to the development of AKI. Like cellulitis, gangrene at the
bite area and regional lymphadenopathy can be bedside
indicators of the amount of toxin which is released by the
snake bite.
In our study, 100% patients who suffered from AKI, developed bleeding manifestations, which was higher when
compared to the study conducted by Chugh K.S (60-65%) [38].
The mortality rate in our study was 13.7 % (18 patients) and
among AKI patients it was 30.2%. This was almost in par with
other studies which were conducted in India (22-50%) [39]. The
patients who had recovered from AKI had a shorter bite to
needle time, as was observed by Sharma et al. [31] The
mortality due to snake bite can be prevented by intervention at
various levels, which include early transfer of the patient to a
primary health care facility, where ASV should be
administered at the earliest. The high risk patients should be
identified early and referred to higher canter. Patient’s fluid

status should be optimised, with early detection and treatment
of coagulopathy. Further, renal replacement therapy should be
initiated at the earliest to prevent serious consequences of
uremia.
Conclusion
The present study concludes that the incidence ofAKI among
the snake bite patients was 32.1%. The clinical manifestations
such as cellulitis, lymphadenopathy, oliguria and bleeding
manifestations were having a significant association among
patients with AKI. The ASV therapy time, bite to renal
insufficiency time and coagulation abnormalities were the
major prognostic factors predicting the final outcomes. The
overall mortality of snake bite induced acute renal failure is
30.2%. Snake envenomation leading to acute kidney injury is
a major health issue due to delayed referral to appropriate care
centre. Early referral to specified care centre and prompt
administration of ASV can reduce mortality and morbidity
due to snake bite leading on to AKI.
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