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Abstract

Keywords

Viper species are distributed allover Egypt. Venomous bites by Viperidae snakes are associated with
local and systemic manifestations and may be exacerbated by the development of acute kidney injury
(AKI).

THE AIM of the study was to assess acute renal injury in cases of envenomations by locally prevalent
vipers as regards incidence, clinical and laboratory parameters and final outcome.

METHODS: The current study was conducted on al patients, of both sex, admitted in Poison Control
Center of Ain Shams University hospitals following envenomation by Viperidae snakes during 2014,
2015, and 2016. Diagnosis was based on history of snake bite with suggestive clinical data. Recorded
data included patient characteristics (age, gender, delay time), vital data (heart rate, blood pressure),
presence of local signs, bleeding manifestations, laboratory parameters (INR, platelet count,
hemoglobin level, BUN and serum creatinine), number of antivenom vials used , duration of hospital
stay and survival. Cases were sub-grouped to group | with AKI and group |1 without AKI.

RESULTS: A total of 120 cases of venomous bites by Viperidae snakes were recorded during the
study period with mortality of 4.2%. Cases were predominantly males with mean age of 35 +/-
14.7years. A subset of 5.8% cases developed AKI which statistically was related to older age, longer
delay time, increased incidence of bleeding manifestations and tachycardia, higher values of INR,
serum creatinine, and blood urea nitrogen, lower platelet count, higher number of used antivenom vials
and longer duration of hospital stay. Gender, hypotension, presence of local manifestations and
hemoglobin level were insignificant among AKI. Mortality among AKI cases was statistically linked
to old age, prolonged delay time, increased incidence of bleeding manifestations, higher INR values,
low platelet count and low hemoglobin level and increased number of used antivenom vials and
duration of hospital stay. The incidence of tachycardia, hypotension and local manifestations, serum
creatinine and blood urea nitrogen levels were not statistically different among non- survivors.
CONCLUSION: Acute rena injury may complicate the course of viper envenomations. Venom
hemotoxicity is related to morbidity and mortality especialy with older age and longer time between
bite to antivenom therapy.

Bisphenol A, Vitamin E, Testis, Prostate, Spermatogenesis.
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Introduction
nakebite is a common medical emergency
worldwide. In Africa, official snakebite statistics
is inadeguate and fragmentary with difficulty in
accurate assessment of snakebite-related morbidity and
mortality. Preliminary estimates of 3-8 thousands
envenomations occur in North Africa and Middle East,
although far fewer mortalities are reported each year.
Degpite the presence of a number of venomous snake
families in Africa, envenomation by snakes of the
family Viperidae a one cause approximately 60% of al
bites (Kasturiratne et al., 2008; World Health
Organization, 2010).
Several species of vipers and cobras with the
ability to deliver deadly venom are found in Egypt.

Snakes in Egypt are found in a wide variety of habitats
ranging from the vast sandy deserts to the fertile Nile
delta. The common viper genera found in Egypt are
Cerastes, Psuedocerastes, and Echis (Baha, 2006;
Bernardoni et a., 2014).

Viper envenomation is characterized by
rapidly developing prominent local effects, including
necrosis, hemorrhage, edema, and pain at the bite site,
which my result in permanent sequelae .This is in
addition to systemic alterations such as hemorrhage,
coagulopathy, shock, and acute renal failure (Mandal,
2015).

The kidney, as a highly vascularized organ
with excretory function, is prone to venom toxicity.
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Rena involvement in viper envenomations has
received interest by researchers in the tropics especially
in Asia and South America. However, the great
diversity in snake population and venom constituents
from species to species and within the same species
according to geographic region, differences in study
populations, accessibility of medical service and study
designs all leads to variability of clinical effects across
studies (Athappan et a.,2008 ; Kasturiratne et al., 2008
; Kanjanabuch and Sitprija,2008; Potdukhe et al.,2017).

The current study was conducted in Poison
Control Center of Ain Shams University hospitals
(PCC-AUH) aiming at assessment of acute kidney
injury (AKI) in cases of envenomations by locally
prevalent vipers as regards incidence, clinica and
laboratory parameters and outcome .

Subjects & Method

The present study was planned as a hospital-based
retrospective observational study.

Study group

All patients, of both sex, who were admitted in PCC-
AUH following envenomation by snakes of the family
Viperidae during 2014, 2015, and 2016 were enrolled
in this study. Diagnosis was based on history of snake
bite with identification of a clinical picture suggestive
of snake envenomation by Viperidee which was
defined as presence of fang marks, bleeding tendencies
with local swelling, erythema, cellulites and abnormal
clotting time (World Health Organization, 2010; World
Health Organization, 2016).

Exclusion criteriaz history of co-morbid illnesses
including diabetes mellitus, cardiovascular diseases,
rena diseases, liver diseases, and hematologic diseases
or concomitant use of drugs.

Data:

The current study was approved by both the
general director of PCC-AUH and the Research Ethics
Committee of Faculty of Medicine Ain Shams
University. Anonymised data were collected from
medical records with consideration of confidentiality
issues. Recorded data were tabulated and statistically
analyzed using standard SPSS (Standard Package for
Social Science) software package, version 20 (Chicago.
IL).

Cases were sub-grouped according to renal
impairment into:

= Group I: included cases with acute kidney

injury (AKI) as defined by an increase in

serum creatinine >0.3 mg/dL (>26.5 pumol/L)

within 48 h according to the Acute Kidney

injury Network (AKIN) classification (Lopez

& Jorge, 2013).

= Group Il: Cases without AKI as defined by
BUN and serum creatinine within normal.
Datain the present study included:
1. Patient characteristics:
= Age, Gender, Delay time
2. Vital data: including
= Heart rate: Normal heart rate was considered
between 60-100 beats/minute (Kenney et al.,
2015).

= Blood pressure: Hypotension was considered
if the patient’s systolic blood pressure reading
was lower than 90 mmHg and diastolic blood
pressure reading was lower than 60 mmHg,
while hypertension was considered if the
patient's blood pressure was more than 140/90
mmHg. (Kotchen, 2015).

3. Clinical manifestations of envenomation
(local and systemic) :were defined according
to the WHO 2016 guidelines for the
management of snakebites (World Health
Organization, 2016)

= Loca such as fang marks, local swelling,
erythema, cellulitis, regional
lymphadenopathy

= Hematologic signs:

a) CI|n|caIIy significant bleeding tendencies
Locally: eg. prolonged bleeding
from fang marks or venipuncture

- Systemically: manifested by skin
bleeding (including petechiae,
purpura, and/or ecchymosis),mucosal
bleeding (including gum bleeding,
hematemesis, melena, hematochezia,
gross hematuria, and/or vagina
bleeding)

4. Laboratory parameters:

a) INR (international normalized ratio) (seconds)

b) Platelet count(10%mmd)

¢) Hemoglobin level (g/dl)

d) Rena function tests:

- Blood urea nitrogen(mg/dl)

- Serum creatinine(mg/dl)

5. Antivenom therapy:

Polyvalent lyophilized anti- snake serum vias
produced by VACSERA, Egypt were used. Doses were
according to manufacturer’s recommendations and
treatment protocols followed by PCC, starting by an
initial dose of 5-10 vias by slow intravenous infusion
after dilution with normal saline at arate of 5-10 ml/kg
body weight over 1 h. Then this is followed by further
dose of five vids if signs and symptoms of toxicity
persist until improvement of symptoms (VACSERA,
2002)

6. Duration of hospital stay.

7. Survival.

Results

A total of 120 cases were admitted and reported as
venomous bites by Viperidae snakes in PCC-ASUH
between January 2014 and December 2016 with case
mortality of 4.2%. Distribution of cases and mortality
during the years of the study is shown in table (1).
Regarding age and gender distribution, mean age of
cases was 35+/-14.7years with males congtituting
82.5% (n=99) and females 17.5% (n=21)

Cases with AKI (group I) represented 5.8% (n=7) of
total cases. Case fatalities recorded in the three years of
the study were all among group | cases, hence they
were further classified according to survival into:

v' Survivors: (n=2).

v' Non-survivors: (n=5).
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Comparison between casesgroup | and group I1:
There was a statistically significant higher
mean age, and longer mean delay time among
group | cases, while no significant difference
between both groups regarding gender. Regarding
clinical parameters and investigations, the
occurrence of bleeding manifestations and
tachycardia was significantly higher among group
I. Additionally, group | showed statistically
significant higher mean values of INR, serum
creatinine, blood urea nitrogen, and lower mean
platelet count. On the other hand, there was
insignificant difference regarding incidence of
hypotension, presence of loca manifestations and
hemoglobin level between both groups. Mean
number of used antivenom vials and duration of

hospital stay were significantly higher among
group | in comparison to group |1 (Table2).
Comparison among group | cases according to
survival:

Means values for age and delay time were
significantly increased among non —survivors. Non-
survivors showed significantly increased incidence
of bleeding manifestations, higher INR mean
values, lower platelet count and lower hemoglobin
level. Conversely, the incidence of tachycardia,
hypotension and local manifestations, in addition to
mean creatinine and blood urea nitrogen levels
were not datistically different compared to
survivors. Increased mean number of used
antivenom vials and duration of hospital stay were
noted among non-survivors (Table3).

Table(1): Distribution of snake envenomed cases and mortality ratesin the years 2014, 2015 and 2016.

number of Survival mortality
Y ear
cases n % n %
2014 38 37 97.4% 1 2.6%
2015 42 39 92.9% 3 7.1%
2016 40 38 95% 2 5%
Total 120 115 95.8% 5 4.2%

n: Number of patients

Table (2): Statistical analysis showing comparison between group | and group |l cases as regards patient
characteristics, vital data, clinical manifestations of envenomation, laboratory parameters, antivenom

therapy and duration of hospital stay.

Overall patients Group!| | Groupll Test Type p-value
(n=120) (n=7) (n=113) value | of test
value
Age(years) t
51.8+24 | 284+ 139 35 |(Student’s f§ <0.001*
. test)
Charp:ét';”itstics Gender Male 6(86%) | 93 (82%) | Fh
>|
Female 1% | 2008%) | OO eg(';';ct ;) 0.05
Delay time (hours) 48+ 22.9 86+t4 145 t <0.0001*
Heart rate Tachycardia | 3(43%) 1(0.9%) 0.7 <0.001*
Vital data Normal 4(57%) | 112(99.1%) X2
Blood pressure | Hypotension 1(14%) 1 (0.9%) 04 (Chi >0.5
Normal 6(86%) | 112(99.1%) sguare
Clinical Bleeding Present 4(57) 1(0%) 0.77 | statistical | <0.0001*
manifestations | manifestations | Absent 3(43%) | 112(0.9%) analysis)
of L ocal Present 6(86%0) 54(48) 0.08 >0.5
envenomation | manifestations | Absent 1(14%) 59(52%)
Laboratory INR(seconds) 2.35+0.9 1+0.13 6 <0.0001*
parameters Platelet count (103/mm?) 95+48 176+104 2 <0.05*
Hemoglobin level (g/dl) 8.5+1.9 10.8+4.8 1.2 t >0.5
Serum creatinine (mg/dl) 2.7+0.4 0.7520.2 | 155 |(Student’s | <0.0001*
BUN(mg/dl) 39.6+097 | 17418 6 tes)  ["<0.0001*
Number of antivenom vials 48.8+20 10.7+5 12.6 <0.0001*
Duration of hospital stay 15.7+7 2.7+1.2 14 <0.0001*

Data are presented as meant standard deviation unless otherwise indicated, n: Number of patients
INR: International normalized ratio, BUN: Blood urea nitrogen, * P<0.05: statistically significant,p>0.05 =

statistically non-significant
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Table (3): Statistical analysis showing comparison between survivors and non-survivorsin group | cases
as regards patient characteristics, vital data, clinical manifestations of envenomation, laboratory
parameter s, antivenom therapy and duration of hospital stay.

Overall patients Non- Surviv Test Type p-value
(n=120) survivor ors value of test
S (n=2) value
(n=5)
Age(years) 54.4 314 .
Patient +76 | +149 | 34 st defm t <0.001
characteristics Delay time (hours) 52.8 8.2 15.6 test) <0.0001*
124.8 4
Heart rate Tachycardia 240%) | 1(50%) | 0.355 >0.05
Vital data - Z
Blood pressure | Hypotension (20%) 0(0%) 103 z- >0.05
- statistical
- Bleeding Present o o . <0.05*
C;Ilmca! manifestations 1(20%) 0(0%) 1.03 analysis)
manifestations Local Present >0.05
of envenomation . . 4(80%) | 1(50%) 24 '
manifestations
INR(seconds) 2.8 10 .
+0.08 +0.07 13.7 <0.0001
Platelet count (103/mm3) 98 110 .
07 | 04 | % <0.05
Laboratory Hemoglobin level (g/dl) 84 9 <0.05*
29
parameters + 01 0.5 i
Serum creatinine (mg/dl) +2§3 +2(.)34 29 (Student’s >0.05
BUN(mg/dl) 4038 9 | L, ttes) 005
+1.1 +0.2 ) '
Number of antivenom vials 48 113 10 .
20 | +7.7 <0.0001
Duration of hospital stay 18.2 2.7 15 .
82 | 11 <0.0001

Data are presented as mean+ standard deviation unless otherwise indicated, n: Number of patients
INR: International normalized ratio, BUN: Blood urea nitrogen, * P<0.05: statistically significant,p>0.05 =

statistically non-significant

Discussion

Snake envenomation is a major problem in South
Africa and Middle East however, there remains
limited information of the clinical effects .The
present study evaluated the incidence, clinical
predictors and outcome of acute renal impairment
which may complicate the course of viper
envenomations among cases who were admitted in
(PCC-AUH) during athree years period.

The incidence of acute renal injury in the
current study was 5.8%.Comparable results were
recorded in case series in Nigeria and Thailand,
while the incidence reported across Asia especialy
Sri Lanka and India was much higher. Being less
common in Egypt, the non-recognition of acute
renal impairment as a possible complication of
viper envenomation could lead to delayed medical
care and poor outcome (Kanjanabuch & Sitprija,
2008; Harshavardhan et al., 2013).

In the current study, though victims of
viper envenomations were predominantly males
owing to common involvement in outdoor
activities, there was no significant association of

gender with occurrence of AKI after envenomation.
Results suggested that older age was not only
related to the occurrence of AKI but aso to
mortality. The increased incidence in older age
was similarly noted by Athappan et al. (2008) and
Singh et al. (2016).The predisposition of older
kidney to acute kidney injury can be related to age-
related progressive structural and functional
deterioration. These change include decline in
glomerular filtration rate and renal blood flow in
addition to altered response to vasoactive stimuli.
These alterations occur jointly with structura
changes namely loss of renal mass, hyalinization of
afferent arterioles, and development of aglomerular
arterioles, sclerotic glomeruli and tubule-interstitial
fibrosis (Weinstein & Anderson, 2010).

Findings in the present study showed that
prolonged delay time to hospital had a significant
relationship with both development of AKI and
subsequent mortality. A number of authors noted
the association of increased morbidity and
mortality in subjects presenting late after viper
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bites. This finding reflects the delay in
administration of antivenom with continuous
damaging effects of the un-neutralized venom
(Osmani et a., 2007; Athappan et a., 2008; Dharod
et a., 2013).

Regarding clinical parameters, increased
serum creatinine and blood urea nitrogen during
hospital stay was used as an indicator of AKI,
however levels were not statistically related to
mortality.

Acute kidney injury (formerly known as
acute renal failure) is a syndrome characterized by
the rapid loss of the kidney's excretory function and
is typically diagnosed by the accumulation of end
products of nitrogen metabolism (urea and
creatinine) or decreased urine output, or both.
Rapid rises in blood urea nitrogen and serum
creatinine occur due to the catabolic nature of the
disease (Bellomo et a., 2012).

Various authors previously reported that
acute renal impairment can develop early after
envenomation by vipers and antivenom
administration may be incapable to reverse the
damage which have been aready done. Renal
failure may constitute an evidence of the earlier
effects of venom and does not necessarily imply
that the victim currently has un-neutralized venom
in the system (Isbister et a, 2009; Manafa et al,
2016; Potdukhe et & ., 2017)

Among cases with AKI in the current
study, the occurrence of tachycardia was
statistically significant, though not dtatistically
related to mortality. Experimental evidence
suggests that hemodynamic changes observed after
hemotoxic viper bite can simulate sepsis. The
recorded tachycardia in the current study may
merely reflect appropriate baroreflex activity to
optimize cardiac output and blood pressure. And in
the same way as sepsis, persistent tachycardia after
adequate volume expansion, may be associated
with worsened clinical outcomes. (Kanjanabuch
& Sitprija, 2008; Lanspaet a., 2017).

Hypotension is a key factor favoring the
development of AKI due to prerena insult. A
variety of factors contribute to the occurrence of
hypotension. Viperidae snake venom increases
vascular permeability via the degradation of
capillary  basement ~membranes increasing
extravasation of plasma from intravascular
compartment with decrease in intravascular volume
that may compromise circulation. . Additionally it
can enhance the release of vasoactive substances,
particularly bradykinin, resulting in vasodilatation
and myocardia depresson which can lead to
hypotension without any bleeding manifestations.
However in the current study hypotension was
datistically insignificant among AKI cases
irrespective of mortality, which may reflect the
important role of proper evaluation and
hemodynamic support of cases with repletion of the

fluid deficit and optimisation of intravascular
volume (Adukauskiené et al., 2011; Singh et al.,
2016; Ayeet d., 2017).

Significant increase was found in the
occurrence of bleeding manifestations, increased
INR and thrombocytopenia among cases with AKI.
These findings were similarly recorded in non-
survivors, in addition to low hemoglobin levels,
thus can be viewed as prelude to their mortality.
Comparably, Kumar (2012) and Vikrant et al.
(2017) noted that hemotoxic viper bite with local
and systemic hemorrhagic manifestations indicative
of coagulopathy or thrombocytopenia represented
the most common clinical features associated with
enhanced rena ischemia and development of renal
failure.

Snake venom hemotoxins have structural
and functional diversity that can result in
hemorrhagic, coagulopathic and/or hypotensive
effects thereby severely interfering with blood
coagulation and platelet function. Biological
activities responsible for bleeding tendencies
include direct fibrinogenolytic activity resulting in
defibrination, which is often exacerbated by
venom-induced consumption coagulopathy. Blood
clotting disturbances are mediated by the action of
procoagulant toxins which activate clotting factors
found towards the end of the clotting cascade, such
as Factor X and prothrombin, leading to
consumption of the limited amounts of clotting
factors physiologicaly (Ishister et al, 2009;
Maduwage & Isbister, 2014) Moreover,
hemorrhagic components disrupt the integrity of
capillaries by proteolytic degradation of key
structural components of the basement membrane
and extracellular matrix promoting extravasation,
rupture and loca hemorrhage (Fox & Serrano,
2005; Casewell et al, 2015; Gutiérrez et al, 2016).

In the current study, thrombocytopenia
contributed to venom-induced coagulopathies. This
reflected the action of snake venom on platelets.
Platelet modulating components include C-type
lectins, disintegrins and certain metalloproteinases.
These components can either induce platelet
aggregation, by Von Willebrand factor or collagen-
mediated activation, or inhibit their aggregation by
potent blockade of integrin receptors found on the
surface of platelets. Platelet modulation by
inhibition and/or activation leads to platelet
depletion (Rucavado et al, 2005; Chakrabarty &
Sarkar, 2016; Kini & Koh, 2016).

The presence of loca manifestations was
common among all the cases enrolled in the current
study with statistically insignificant relation with
both AKI and the associated mortality. The signs
and symptoms are consistent with continued local
tissue injury and destruction including swelling,
blisters, hemorrhage, dermal and muscle necrosis
(Sonmez, 2014).
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Local toxicity is the earliest manifestation
of viper envenomation, however, its association
with AKI and poor outcome was debatable. In
agreement to the findings in the current study, Patil
et al. (2012) noted that local cellulitis as a common
finding, indicates the vasculotoxic nature of
envenomation regardless of the outcome. Whilst
Mukhopadhyay et al. (2016) and Aye et a. (2017)
considered severity as significant adverse predictor
and included a grading system of cellulitis.
Evidence based guidelines of treatment emphasized
that because snake envenomation is a dynamic
disease state, grading assigned at a single point in
time may be a poor representation of overal
severity

Local clinical effects often occur as the
result of several venom components especially
metalloproteinase, serine proteinases,
phospholipases A2, nucl eotidases, and
hyaluronidases. Pathophysiological scenario  of
local tissue injury is characterized by degradation
of extracellular matrix and basement membrane
structure in capillary blood vessels, skeletal muscle
fibers and dermal-epidermal junctions. As a resullt,
blistering and hemorrhage occurs, in addition to
myonecrosis with affection of muscle regenerative
process leading to fibrosis and permanent tissue
loss after snakebites. The damaged extracellular
matrix favors diffusion of venom toxins, leading to
both systemic complications and local tissue
damage. Moreover, prominent local inflammatory
response occurs due to several factors which
further complicates venom-induced
dermatonecrosis. These factorsinclude: acute tissue
damage, presence of protein fragments of diverse
biological activities, release of inflammatory
mediators, and activation of endogenous
proteinases derived from resident tissue cells or
invading leukocytes (Gutiérrez & Rucavado, 2000;
Amog et a, 2016; Gutiérrez et al., 2016).

The parenteral administration of animal-
derived anti-venoms constitutes the mainstay in the
therapy of snakebite envenoming (World Health
organization, 2010). Venom-specific
immunoglobulin G fab fragment works by binding
and neutralizing venom toxins, facilitating their
redistribution away from target tissues and their
elimination from the body. Although the total dose
of antivenom required may vary widely, aggressive
dosing strategy exceeding typical dosing may be
needed in severe envenomation. The higher doses
employed and the longer duration of hospital stay
for cases complicated with AKI and subsequent
mortality in the current study reflect the degree of
severity which necessitated both rapid control and
prolonged follow up for eminent complications and
the possible recurrence (Lavonas et al., 2011;
Goudaet al., 2017).

Collectively, findings in the current study
support findings by previous authors;, AKI after

envenomation by vipers is due to the interplay of
different mechanisms. Important implicated events
include: alteration of rena hemodynamics
glomerular and enhanced renal ischemia due to
hypofiltration by  bleeding, depletion of
intravascular volume by extravasation,
microthrombi formation by  consumption
coagulopathy. Direct nephrotoxicity by venom
congtituents, immunologic reaction and
pigmenturia may contribute to the development of
AKI after viper snake bite (Kanjanabuch & Sitprija,
2008; Kumar, 2012; Al-Johany et al., 2015).

Hemotoxic events following  viper
envenomations are related to morbidity and
mortality in cases of rena failure and should be
expected after envenomation by vipers with a
serious course of intoxication with greater
susceptibility with increasing age and delayed time
to antivenom therapy.

Recommendations

Acute kidney injury is a potential complication of
viper envenomation in Egypt, however its non-
recognition can be complicated by poor outcome.
Support materials for health-care providers at all
levels of the hedth service could help to
disseminate appropriate scientific  knowledge
.Being undoubtedly multifactorial, evaluation of
clinica manifestations of envenomation and the
renal status of viper bite victims both at baseline
and during hospital stay is recommended: to allow
identification of AKI patients, enable monitoring of
AKI severity, and predict patient outcome.

Community education, taking medical
care of snake bite closer to those at risk, and
efficient supply-chain for antivenom are important
to ensure effective timely management thus
reducing morbidity and mortality in viper
envenomed cases.

Further research is needed to assess more
accurate local estimates of incidence and mortality,
using health center surveys —both retrospective
and prospective—in combination to  household
surveys.
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