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Abstract

Background: Snakebite envenoming is a significant but under-recognized global health problem, particularly in the Indian subcontinent,
where it causes substantial mortality and morbidity. Objective: To assess the clinical features and outcomes of TMA in snakebite patients
at a tertiary care hospital in India. Methods: The study population comprised patients admitted following snakebite. Data was collected
using a pre-structured proforma and included demographics, clinical features, and serial laboratory investigations (WBCT, PT/INR,
complete hemogram, LFT, RFT). TMA was defined as microangiopathic hemolyticanemia (MAHA) with >1.0% schistocytes and
thrombocytopenia. Statistical analysis involved descriptive statistics and comparative tests.  Results: The study included 100 patients.
The mean age of patients was 48.29 years, and 56% were male. Common clinical features included local signs of envenomation (79%),
coagulopathy (73%), oliguria/hematuria (26%), and jaundice (9%). The overall incidence of TMA was 9%. TMA was significantly associated
with oliguria/hematuria and jaundice (p<0.001). TMA patients had significantly deranged hematological and renal parameters. AKI
developed in 39% of patients, and TMA was strongly associated with AKI (p<0.001) and increased need for dialysis (p=0.004).
Conclusiorr. TMA is a clinically significant complication of snakebite, strongly associated with AKI and adverse hematological and renal
profiles. Early recognition of TMA is crucial for prompt management and improving outcomes in snakebite patients.
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INTRODUCTION

Snakebite envenoming represents a serious global public health problem, especially in tropical and subtropical areas, yet its true scale is often
underestimated. According to the World Health Organization (WHO), up to 5.4 million snakebites may occur annually, leading to as many as
2.7 million cases where venom causes harmful effects (envenoming)1 The resulting death toll is substantial, estimated at 81,000 to 138,000
fatalities per year2. Furthermore, long-term suffering is significant, with approximately 400,000 individuals annually facing permanent
disabilities like amputations or chronic conditions after a bite3. Because snakebite disproportionately harms impoverished rural populations,
the WHO designates it a high-priority neglected tropical disease (NTD)4. Although snakebite envenoming occurs worldwide, its burden is
heavily concentrated geographically, with India facing a disproportionately high impact. The landmark Million Death Study estimated that India
witnessed approximately 1.2 million snakebite-related deaths from 2000 to 2019, averaging nearly 58,000 fatalities annually5. This represents
a significant fraction of total global snakebite mortality. A large number of severe envenomings within India are caused by the 'Big Four'
snakes: spectacled cobra (Naja naja), common krait (Bungarus caeruleus), Russell's viper (Daboia russelii), and saw-scaled viper (Echis
carinatus) 6. Among these, Russell's viper is frequently associated with severe systemic complications like coagulopathy, hemorrhage, and
acute kidney injury; the kidney damage, in particular, is often linked to underlying thrombotic microangiopathic (TMA) mechanisms?7. This
extensive mortality and morbidity firmly position snakebite envenoming as a major public health priority requiring dedicated strategies in India8.
Addressing the knowledge gap on snakebite-associated TMA (SB-TMA) in India is crucial. This study therefore systematically investigates
SB-TMA at an Indian tertiary hospital. We aim to determine its local incidence, typical clinical and laboratory features (including MAHA markers,
renal function), and key outcomes like acute kidney injury (AKI) severity among admitted snakebite patients. Generating this vital regional
data should improve early recognition and risk assessment of SB-TMA in clinical practice. Ultimately, this knowledge is expected to guide
better management strategies, potentially including decisions on interventions like dialysis, helping to reduce the significant illness and death
caused by severe snakebite envenoming across India.
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MATERIALS & METHODS
This Prospective observational study was conducted among patients admitted to Department of General Medicine at Mysore Medical College
and Research Institute (MMCRI), Mysore. The study period was 18 months, commencing from the date of obtaining ethical

Inclusion Criteria:
Patients aged >18 years admitted with a history of snake bite in the Department of General Medicine, Government Medical College, Mysore,
were included in the study.
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Exclusion Criteria:

. Patients with diagnosed microangiopathy were excluded.

. Patients with diagnosed Systemic Lupus Erythematosus (SLE), Scleroderma, or Antiphospholipid Antibody (APLA) syndrome
were excluded.

. Patients taking medications known to cause Thrombotic Microangiopathy (TMA), such as Mitomycin, quinine, cyclosporine,

tacrolimus, muromonab, interferon, ticlopidine, and clopidogrel, were excluded.

Sample Size Calculation
The sample size was calculated to be 100, using the formula: S = (4 x P * Q) / D2

Where:
. S = Required sample size
. P = Estimated prevalence of the condition of interest (thrombotic microangiopathy - TMA)
. 1-P = Estimated proportion of the population without the condition
. D = Desired margin of error

The estimated prevalence (P) of TMA following snakebite can vary considerably across different geographical regions and depending on the
snake species involved. As highlighted in the systematic review by Noutsos et al. (2020) 9, the prevalence of TMA in snakebite victims ranges
from as low as 5-10% in cases involving various species to higher rates reported in other regions and with different snake families.
The desired margin of error (D) was set at 0.05 (or 5%).
Substituting these values into the sample size formula:

S= (4 x 0.06 x (1-0.06))/(0.05?)

S=91

Therefore, based on a conservative estimated prevalence of 6% and a desired margin of error of 5%, the minimum required sample size for
this study was calculated to be approximately 91 patients.
The present study prospectively enrolled 100 patients admitted. This achieved sample size of 100 exceeds the calculated minimum
requirement of 91, ensuring adequate statistical power and precision to estimate the prevalence of TMA and to analyse the secondary
outcomes of interest within this study population.

Data Collection
After obtaining approval and ethical clearance from the ethical committee, informed written consent was taken from each participant. Detailed
history was recorded, and the following investigations were conducted:

. Whole blood clotting time (WBCT)

. Prothrombin time (PT) / International Normalized Ratio (INR)

. Complete hemogram with peripheral smear for schistocytes and reticulocyte count
. Liver function tests (LFT)

. Renal function tests (RFT)

These investigations were repeated at two hours, six hours, 12 hours, and then 24-hourly until the patient was discharged from the hospital.
A pre-structured proforma was used for data collection.

Statistical Analysis: To compare categorical variables, the Chi-square test or Fisher's exact test (where appropriate) was used. To compare
means of continuous variables between groups, the independent samples t-test was used if the data was normally distributed and had equal
variances. The significance level (alpha) was set at 0.05 for all statistical tests. All statistical analyses were performed using statistical software
package (SPSs version 26.0)..

RESULT

The majority of patients (41%) were in the 51-70-year age group, with 41 individuals. The 31-50-year age group comprised 37% of the
patients, with 37 individuals. The youngest age group (<30 years) included 15% of the patients (15 individuals), while the oldest age group
(=71 years) had the smallest representation, accounting for 7% of the total, with 7 individuals. The mean age of the patients was noted as
48.29 with a SD of 14.25 years.

The study population consisted of 56 male patients, accounting for 56% of the total, and 44 female patients, making up 44% of the total.
Among the 15 patients in the <30 age group, 73.3% were male (11 patients) and 26.7% were female (4 patients). In the 31-50 age group,
there were 17 males (45.9%) and 20 females (54.1%), totaling 37 patients. The 51-70 age group comprised 25 males (61.0%) and 16 females
(39.0%), with a total of 41 patients. Finally, the =71 age group included 3 males (42.9%) and 4 females (57.1%), totaling 7 patients. Overall,
there were 56 male patients (56.0%) and 44 female patients (44.0%) in the study. The Chi-square test revealed no statistically significant
association between age group and gender distribution (Chi-square value = 4.250, p = 0.236).

Table 1 — Distribution of patients according to the type of snake bite

S No Snake No of Patients Percentage
1 Viper 33 33.0
2 Unknown 67 67.0
Total 100 100

33 patients (33.0%) were identified as having been bitten by a Viper, while the majority, 67 patients (67.0%), had snake bites of an unknown
type.

The majority of patients, 70 individuals (70.0%), presented between 4 to 8 hours after the snake bite. A smaller portion, 27 patients (27.0%),
presented in less than 4 hours. Only 3 patients (3.0%) presented more than 8 hours after the snake bite. The mean time to presentation was
noted as6.35 hours with a SD of 4.53 hours.

Table 2 — Distribution of patients based on the clinical features

S No Local signs of envenomation No of Patients Percentage
1 Local signs of envenomation 79 79.0

2 WBCT not clotted 73 73.0

3 Oliguria/Haematuria 26 26.0

4 Jaundice 9 9.0

5 Signs of neurotoxicity 13 13.0

Local signs of envenomation were observed in 79 patients, accounting for 79.0% of the study population. A whole blood clotting time (WBCT)
that was not clotted was noted in 73 patients (73.0%).A WBCT that is not clotted suggests that the blood is taking longer than normal to clot,
which can be a sign of venom-induced consumption coagulopathy (VICC) - a common complication in snake bites. Oliguria or haematuria
was present in 26 patients, representing 26.0%. Jaundice was recorded in 9 patients, which is 9.0% of the total. Signs of neurotoxicity were
seen in 13 patients, making up 13.0% of the patients.
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Table 3 — Descriptive Statistics of Hematological Parameters in the Study Population

Variable N Minimum Maximum Median Mean Std. Deviation
PT 100 11.00 35.00 18.60 19.36 6.47

APTT 100 18 100 44.50 47.11 18.03

INR 100 .6 5.7 2.35 2.329 1.28

Hb 100 8 15 12.0 12.14 1.54

WBC 100 4200 21000 7450.0 8720.92 3823.41
Platelets 100 35000 415000 189500.0 186280.56 93328.737

Prothrombin time (PT) values ranged from 11.00 to 35.00, with a median of 18.60 and a mean of 19.36 (SD = 6.47). Activated partial
thromboplastin time (APTT) values varied from 18 to 100, with a median of 44.50 and a mean of 47.11 (SD = 18.03). The international
normalized ratio (INR) ranged from 0.6 to 5.7, with a median of 2.35 and a mean of 2.329 (SD = 1.28). Hemoglobin (Hb) levels ranged from 8
to 15, with a median of 12.0 and a mean of 12.14 (SD = 1.54). White blood cell (WBC) counts ranged from 4200 to 21000, with a median of
7450.0 and a mean of 8720.92 (SD = 3823.41). Platelet counts ranged from 35000 to 415000, with a median of 189500.0 and a mean of
186280.56 (SD = 93328.737).

Table 4 — Descriptive Statistics of Renal Parameters in the Study Population

Variable N Minimum Maximum Median Mean Std. Deviation
Urea 100 7 240 35.0 76.09 64.97
Creatinine 100 .60 11.00 1.22 2.79 2.81

Sodium 100 121 145 136.0 135.25 5.72
Potassium 100 3.1 7.0 4.30 4.767 1.0854

Urea levels ranged from 7 to 240, with a median of 35.0 and a mean of 76.09 (SD = 64.97). Creatinine levels ranged from 0.60 to 11.00, with
a median of 1.22 and a mean of 2.79 (SD = 2.81). Sodium levels ranged from 121 to 145, with a median of 136.0 and a mean of 135.25 (SD
= 5.72). Potassium levels ranged from 3.1 to 7.0, with a median of 4.30 and a mean of 4.767 (SD = 1.0854). All parameters were measured
in 100 patients.

Table 5 — Descriptive Statistics of Liver Function Parameters in the Study Population

Variable N Minimum Maximum Median Mean Std. Deviation
Total Bilirubin 100 0.2 3.5 0.80 .957 0.667

Direct Bilirubin 100 0.1 2.1 0.20 407 0.493

AST 100 12 262 32.0 46.11 42.02

ALT 100 12 200 35.0 44.42 31.14

LDH 37 110 1982 170 484.38 602.13

Total bilirubin levels ranged from 0.2 to 3.5, with a median of 0.80 and a mean of 0.957 (SD = 0.6676). Direct bilirubin levels ranged from 0.1
to 2.1, with a median of 0.20 and a mean of 0.407 (SD = 0.4926). Aspartate transaminase (AST) values ranged from 12 to 262, with a median
of 32.0 and a mean of 46.11 (SD = 42.021). Alanine transaminase (ALT) values ranged from 12 to 200, with a median of 35.0 and a mean of
44.42 (SD = 31.143). Lactate dehydrogenase (LDH) values, measured in 37 patients, ranged from 110 to 1982, with a median of 170 and a
mean of 484.38 (SD = 602.132).

Table 6 — Distribution of patients according to ASV administration

S No ASV No of Patients Percentage
1 Administered 92 92.0

2 Not administered 8 8.0

Total 100 100

The majority of patients, 92 out of 100 (92.0%), were administered ASV. A smaller group of 8 patients (8.0%) did not receive ASV.

In this study, 39 patients (39.0%) developed AKI, while the majority, 61 patients (61.0%), did not develop AKI.

Among the 39 patients who developed AKI, a majority of 23 patients (59.0%) required dialysis, while 16 patients (41.0%) did not require
dialysis.

All 9 patients (100.0%) with suspected TMA had schistocytes present.

Among the 9 patients whom renal biopsy was indicated, 8 patients (88.9%) showed fibrinoid necrosis or intraglomerular thrombi deposition
on biopsy. Only 1 patient (11.1%) did not undergo biopsy because of high degree of thrombocytopenia.

Table 7 — Distribution of patients on the basis of development of features of TMA

S No Features of TMA No of Patients Percentage
1 Developed 9 9.0

2 Not developed 91 91.0

Total 100 100

In this study, 9 patients (9.0%) developed features of TMA, while the majority, 91 patients (91.0%), did not develop TMA.
The association between demographic and snakebite characteristics with the presence of thrombotic microangiopathy (TMA).

e  Age Group: The distribution of TMA across age groups was as follows: Age group <30 years) had 11.1% of TMA cases, age group
of 31-50 years had 44.4%, age group of 51-70 years also had 44.4%, and age group of 271 years had no TMA cases (0.0%).

Gender: TMA was present in 33.3% of males and 66.7% of females.
Snake Type: 55.6% of Viper bites resulted in TMA, while 44.4% of Unknown snake bites led to TMA.

Time of Presentation: TMA occurred in 11.1% of patients presenting <4 hours, 77.8% of patients presenting between 4-8 hours,
and 11.1% of patients presenting >8 hours.
However, the Chi-square tests indicated that none of these associations (Age group, Gender, Snake type, Time of presentation) were
statistically significant with the presence of TMA (p > 0.05 for all tests).
The presence of oliguria/lhematuria and jaundice showed a strong and statistically significant association with the presence of TMA in this
study.
Parameters PT, INR, Hb, and Platelets showed statistically significant differences between the two groups.

Discussion:

This finding of a higher prevalence of snakebites in the middle to older age groups aligns with observations in other studies that have reported
on the age demographics of snakebite victims. For instance, lhsan et al. (2022) 10 also noted a substantial representation of middle-aged
individuals in their snakebite cohort. Similarly, Sasidharan et al. (2025) 11 highlighted age as a significant factor in snakebite epidemiology.
The gender distribution in this study revealed a slightly higher proportion of male patients (56%) compared to female patients (44%). This
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observation is consistent with several other studies that have reported a male preponderance in snakebite cases. Chandrakumar et al. (2016)
12 reported a male-to-female ratio of 1.93 in their study, indicating a higher incidence of snakebites among males.

The combined analysis of age group and gender in this study did not reveal a statistically significant association (Chi-square p = 0.236). While
there were variations in the gender distribution within each age group, these differences were not significant enough to establish a relationship
between age and gender in snakebite incidence. This finding contrasts somewhat with studies like Chandrakumar et al. (2016) 12 and
Sasidharan et al. (2025) 11, which have explored the interplay of age and gender in the context of occupational and behavioral risk factors.
In this study, a significant proportion (67%) of snakebites were attributed to "Unknown" snake types, while 33% were identified as Viper bites.
The high percentage of unidentified snake types is a common challenge in snakebite epidemiology studies, as accurate identification can be
difficult due to various factors, including the patient's inability to identify the snake, nocturnal bites, and rapid disappearance of the snake.
Chandrakumar et al. (2016) 12 also reported a substantial proportion (52.7%) of unidentified snake species in their study.

The time to presentation in this study ranged from less than 4 hours to more than 8 hours, with a mean time of 6.35 hours (SD = 4.53 hours).
The majority of patients (70%) presented between 4 and 8 hours after the snakebite, while 27% presented in less than 4 hours, and only 3%
presented after 8 hours. The importance of early presentation in snakebite management has been emphasized in several studies. Suijir et al.
(2018) 13 found that patients who arrived at the hospital within 6 hours of the snakebite required less ASV and experienced fewer
complications.

The clinical features observed in this study included local signs of envenomation (79%), a WBCT that was not clotted (73%), oliguria/hematuria
(26%), jaundice (9%), and signs of neurotoxicity (13%). Local signs of envenomation are the most common presentation in snakebite victims.
The finding of a WBCT that was not clotted in a substantial proportion of patients (73%) indicates the presence of coagulopathy, which is a
frequent complication of snakebite envenomation, particularly following Viperidae bites

Alvitigala et al. (2024) 14 provided a detailed review of the mechanisms by which snake venoms disrupt hemostasis, leading to various clinical
syndromes, including venom-induced consumption coagulopathy (VICC). Oliguria/hematuria, observed in 26% of patients, is a significant
indicator of renal involvement and the potential development of AKI, a major complication of snakebite.

The hematological parameters in this study revealed a range of values, with mean PT, APTT, INR, Hb, WBC, and platelet counts of 19.36
(SD = 6.47), 47.11 (SD = 18.03), 2.329 (SD = 1.28), 12.14 (SD = 1.54), 8720.92 (SD = 3823.41), and 186280.56 (SD = 93328.737),
respectively. These values indicate that snakebite envenomation can lead to significant hematological abnormalities. Specifically, the
alterations in PT, APTT, and INR suggest coagulopathy, a common complication of snakebites. The reduced platelet count is particularly
relevant in the context of TMA, as thrombocytopenia is a key diagnostic criterion. Studies such as Isbister et al. (2007) 15, Noutsos et al.
(2022) 16 have emphasized the importance of thrombocytopenia, along with microangiopathic hemolyticanemia (MAHA), in defining
snakebite-associated TMA. Anemia, as reflected in the Hb levels, is also a significant finding, which can be attributed to hemolysis or bleeding.
Renal Parameters

The renal parameters in this study showed a mean urea level of 76.09 (SD = 64.97) and a mean creatinine level of 2.79 (SD = 2.81), indicating
varying degrees of renal dysfunction. Sodium levels had a mean of 135.25 (SD = 5.72), and potassium levels had a mean of 4.767 (SD =
1.0854). These findings are consistent with previous studies that have documented the impact of snakebite envenomation on renal function.
Vikrant et al. (2017) 17 and Rao et al. (2019)18 extensively studied snakebite-induced AKI and reported elevated urea and creatinine levels
as common findings. Kumar et al. (2022) 19 also highlighted the significance of AKI as a major complication of snakebite envenomation.
Liver Function Parameters

The liver function parameters in this study revealed a mean total bilirubin level of 0.957 (SD = 0.667) and a mean direct bilirubin level of 0.407
(SD = 0.493). The mean AST and ALT levels were 46.11 (SD = 42.02) and 44.42 (SD = 31.14), respectively. The mean LDH level, measured
in 37 patients, was 484.38 (SD = 602.132). These findings suggest that snakebite envenomation can also affect liver function, although the
extent of liver involvement may vary. Elevated bilirubin and liver enzymes can indicate hepatocellular damage or cholestasis, which may
contribute to the overall morbidity associated with snakebites.

ASV Administration

In this study, the majority of patients (92%) received Anti-Snake Venom (ASV), while a small proportion (8%) did not. ASV is the mainstay of
treatment for systemic snakebite envenomation, and its timely administration is crucial for neutralizing venom toxins and preventing or
mitigating complications. The high percentage of ASV administration in this study reflects the adherence to established treatment protocols.
However, variations in ASV administration rates can occur due to factors such as the severity of envenomation, the time of presentation, and
the availability of ASV. Studies like Suijir et al. (2018) 13 and B R et al. (2019) 20 have emphasized the importance of early ASV administration
in improving patient outcomes. The decision not to administer ASV in some cases might be due to early recovery, mild envenomation, or
contraindications. The impact of ASV administration on specific outcomes, such as the development of TMA and AKI, will be discussed in
subsequent sections.

AKI Development

In this study, 39% of patients developed Acute Kidney Injury (AKI). This incidence falls within the wide range of AKI prevalence reported in
the literature following snakebite envenomation. Studies have shown AKI incidence varying from 8% to as high as 60% as mentioned by
Sarkar et al. (2021) 21 . For instance, Rao et al. (2024) 22 reported an 18.5% incidence of TMA-associated AKI, while Kumar et al. (2022) 19
found an AKI incidence of 20.7% in snake envenomation. The variability in AKI incidence across studies can be attributed to differences in
geographical location, snake species involved, the severity of envenomation, and the criteria used to define AKI. The relatively high incidence
of AKI in our study underscores its importance as a major complication of snakebite, contributing significantly to morbidity and mortality.
Dialysis Requirement

Among the patients who developed AKI in this study, 59% required dialysis. This highlights the severity of renal involvement in a substantial
proportion of snakebite-associated AKI cases. Other studies have also reported on the need for renal replacement therapy (RRT) in snakebite
patients with AKI. Rao et al. (2019) 18 found that 95% of AKI patients with TMA required renal replacement therapy, indicating a higher dialysis
requirement in TMA-associated AKI.

Schistocytes in Peripheral Smear

In this study, all patients with TMA (100%) had schistocytes present in their peripheral blood smear. The presence of schistocytes is a hallmark
of microangiopathic hemolyticanemia (MAHA), a key component of TMA. The definition of snakebite-associated TMA often includes the
presence of MAHA, along with thrombocytopenia. Noutsos et al. (2022)23 proposed diagnostic criteria for snakebite-associated TMA as
anemia with >1.0% schistocytes on blood film examination, together with absolute thrombocytopenia (<150 x 1079/L) or a relative decrease
in platelet count of >25% from baseline.

Renal Biopsy Findings

Among the patients who underwent renal biopsy in this study, 88.9% showed fibrinoid necrosis or intraglomerular thrombi deposition, while
11.1% had no pathological findings. Fibrinoid necrosis and thrombi deposition are characteristic features of TMA, indicating microvascular
injury and thrombosis within the kidneys. Vikrant et al. (2017)17 also examined renal pathology in snakebite-associated AKI and reported
acute tubular necrosis (ATN) as the predominant lesion. While ATN is a common finding in AKI from various causes, the presence of fibrinoid
necrosis and thrombi strongly suggests TMA as the underlying mechanism of kidney injury. These pathological findings provide valuable
insights into the pathophysiology of renal involvement in snakebite-associated TMA, highlighting the role of microvascular damage and
coagulation abnormalities.

Development of TMA

In this study, the overall incidence of thrombotic microangiopathy (TMA) was 9%. This finding is within the range of TMA prevalence reported
in other studies, although there is considerable variation. For instance, Mohan et al. (2019) 24 reported a TMA prevalence of 18.8% in their
study conducted in Karnataka, India, which is higher than the incidence observed in our study. Conversely, Noutsos et al. (2022) 16 found an
overall prevalence of TMA in envenomed patients to be 9%, consistent with our finding, but with variations depending on the snake species.
Association of Demographics and Snakebite Characteristics with TMA

The analysis of the association between demographic and snakebite characteristics with the presence of TMA in this study revealed no
statistically significant associations with age group, gender, snake type, or time to presentation (p > 0.05 for all Chi-square tests). This finding
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contrasts with some previous studies that have identified risk factors for TMA or AKI following snakebites. 18

Association of Clinical Features with TMA

The strong association of oliguria/hematuria with TMA is consistent with the understanding that AKI is a common and severe complication of
TMA. Several studies have highlighted the close relationship between TMA and AKI 16, 18.

Comparison of Hematological Parameters with TMA

The comparison of hematological parameters between patients with and without TMA in this study revealed significant differences in PT, INR,
Hb, and platelet counts. Patients with TMA had significantly higher PT and INR values, indicating coagulopathy, and significantly lower Hb
and platelet counts, reflecting microangiopathic hemolyticanemia (MAHA) and thrombocytopenia, the hallmarks of TMA. These findings align
with the pathophysiology of TMA, which involves microvascular injury, platelet activation, and hemolysis. Studies defining TMA23,16, have
consistently emphasized the presence of MAHA and thrombocytopenia as key diagnostic criteria

Conclusion:

This study provides evidence that thrombotic microangiopathy (TMA) is a notable complication following snake bite envenomation, observed
in 9% of the studied patients. The occurrence of TMA was significantly associated with specific clinical manifestations, notably
oliguria/haematuria and jaundice, as well as with distinct haematological abnormalities, including derangements in PT, INR, WBCT, and
platelet counts
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