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ARTICLE INFO ABSTRACT

Handling Editor: Denise Tambourgi The clinical management of snakebite envenomation (SBE) is challenging in many tropical and subtropical re-
gions of developing countries due to the complex clinical manifestations and inadequate medical infrastructure.
Some venomous snakes, such as the Indian Russell’s viper (Daboia russelii) cause a wide range of rare compli-
cations in addition to their classical envenomation effects. In general, these uncommon complications are often
misdiagnosed or not treated promptly due to a lack of awareness about these conditions. Thus, it is critical to
report such complications to draw the attention of the healthcare and research communities to improve the
clinical management and scientific research of SBE, respectively. Here, we report bilateral adrenal and pituitary
haemorrhages in an SBE patient following a bite by Russell’s viper in India. The initial symptoms included gum
bleeding, swelling, axillary lymphadenopathy and clotting abnormalities. Despite the administration of anti-
venom, the patient presented palpitation, nausea, and abdominal pain, which were not recovered by combina-
tional therapy with epinephrine and dexamethasone. Further infusion of antivenom did not address these issues
and the patient displayed persistent hypotension, hypoglycaemia and hyperkalaemia suggesting an adrenal
crisis. Inadequate secretion of corticosteroids was confirmed by laboratory tests, and imaging investigations
revealed haemorrhages in both the adrenal and pituitary glands. The patient made a full recovery after treatment
with hydrocortisone and thyroxine. This report adds to the growing evidence of rare complications induced by
Russell’s viper envenomations and it provides relevant guidance to diagnose and treat such complications in SBE
victims.
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1. Introduction

India is a major hotspot for snakebite envenomation (SBE) due to its
large, rural agricultural communities (Longbottom et al., 2018). Poor
outcomes are often observed in SBE victims in India due to the delay in
seeking prompt care and inadequate healthcare infrastructure in rural
settings (Williams et al., 2017; Vaiyapuri et al., 2023). Hence, SBE
causes high rates of mortality, and morbidity, and a significant socio-
economic burden on rural farming communities (Arnold, 2020; Sur-
aweera et al., 2020). Epidemiological studies have identified Russell’s
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viper (Daboia russelii) as being the main perpetrator responsible for most
bites (Vaiyapuri et al., 2013; Samuel et al., 2020). The clinical mani-
festations of Russell’s viper envenomations display significant variations
(Thorpe et al., 2007; Adhikari et al., 2019), while most patients manifest
typical features, predominantly composed of local tissue damage, coa-
gulopathies, nephrotoxicity and neurotoxicity, other victims also pre-
sent various rare pathological complications such as Wunderlich
syndrome (spontaneous non-traumatic renal haemorrhage) (Senthilku-
maran et al., 2022a), priapism (prolonged penile erection) (Senthilku-
maran et al., 2021b), salivary calculus development in the salivary
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glands (Arathisenthil et al., 2022) and splenic rupture (Senthilkumaran
et al., 2021a). A better understanding and broader knowledge sur-
rounding the clinical manifestations of SBE in patients is crucial for
medical practitioners to identify such rare complications and mitigate
unfavourable outcomes. These data will also allow researchers to initiate
novel research lines focused on molecular, biochemical, and epidemio-
logical aspects relating to these poorly understood complications. In
recent years, our research group has been making efforts to shed light on
these underexplored effects that may contribute to the mortality and
morbidity of SBE victims (Senthilkumaran et al., 2021a, 2021b, 2022b;
Arathisenthil et al., 2022). Consistent with this aim, the present case
demonstrates that Russell’s viper envenomation can induce simulta-
neous haemorrhage into the adrenal and pituitary glands.
Disturbances in haemostasis and bleeding from damaged vessels are
well documented following the viperid envenomations (Larréché et al.,
2021). Skin, gums, nose, and urinary tract are some of the main bleeding
sites (Lakhotia et al., 2014), but other underrepresented regions such as
the suprarenal (Senthilkumaran et al., 2018) and pituitary (Thein and
Byard, 2019) have also been described. Adrenal haemorrhage is an
infrequent and acute clinical decompensation of multiple causes rec-
ognised by bleeding into endocrine organs (adrenal glands) located on
top of each kidney (Simon and Palese, 2009). Historically, it has been
classified according to the number of glands affected (unilateral or
bilateral) and its aetiology (traumatic or non-traumatic) (Sharrack et al.,
2020). This bleeding manifestation is particularly diverse and
non-specific in terms of symptomology and can potentially be fatal
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(Kolinioti et al., 2018). Similarly, pituitary haemorrhage is a highly
variable endocrine emergency with a broad spectrum of signs and
symptoms related to different aetiologies (Kim et al., 2009). Bleeding in
adrenal and pituitary glands has been associated with SBE in isolation,
including in India (Bhattacharya et al., 2020). In this article, we report a
case whereby simultaneous bilateral adrenal and pituitary haemor-
rhages were present in the same patient following Russell’s viper en-
venomation. We herein share our experience, detailing aspects of the
diagnosis and treatment, which will be useful in the management of
patients presenting similar clinical manifestations following SBE.

2. Case report

A 42-year-old, male farmer was bitten by a snake on his right index
finger while working in the field, and the snake was later identified as
Russell’s viper (Fig. 1A) by a trained herpetologist. The patient arrived
at a local hospital 3 h after the bite. Upon arrival, the patient was
conscious, oriented, and haemodynamically stable with adequate satu-
ration in room air. Systemic examination was unremarkable, and no
signs of neurotoxicity were present. The patient displayed bleeding in
the gums, localised swelling, right axillary lymphadenopathy, and a
prolonged 20 min whole blood clotting time (20 WBCT), which is a
classical sign of envenomation. Therefore, he was administered 50 ml (5
vials) of polyvalent antivenom (Bharat Serums and Vaccines Limited,
Mumbai, India) raised against the Indian ‘Big Four’ snakes (Russell’s
viper, cobra, krait, and saw-scaled viper). Two hours later (i.e., 5 hours

Fig. 1. Haemorrhagic manifestations in the adrenal and pituitary glands caused by Russell’s viper envenomation in a 42-year-old victim. (A) The offending snake was
identified as Russell’s viper by a herpetologist. (B) Axial non-contrast CT scan of the brain corroborating acute haemorrhage of the pituitary gland (indicated with an
arrow). (C) Coronal view of abdominal CT demonstrating haemorrhagic and enlarged adrenal glands (indicated with arrows). (D, E) Axial views of abdominal CT

confirming haemorrhagic adrenal glands (indicated with arrows).
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after the bite), he complained of further complications such as palpita-
tions, nausea, and abdominal pain. He became restless and irritable, and
his blood pressure dropped down to 70/50 mmHg with a pulse rate of
132 beats per min. He received two doses of intramuscular epinephrine
and dexamethasone in suspicion of an early anaphylactic reaction to the
antivenom. Following no signs of improvement, he was transferred to
the emergency department of our hospital.

Upon arrival, he was unconscious, responding to only deep painful
stimuli with a heart rate of 160 bpm and systolic blood pressure of 70
mmHg. Due to a poor response to stimuli in line with a low score on the
Glasgow Coma Scale (GCS, which assesses the level of consciousness),
and a high risk of impending respiratory arrest and shock, he was
intubated and connected to a mechanical ventilator. Fang marks were
visible on the right index finger, but no active bleeding was observed.
His 20 WBCT and prothrombin times were prolonged. Therefore, he was
given 10 vials (in 250 ml of saline) of polyvalent antivenom (Bharat
Serums and Vaccines Limited, Mumbai, India) intravenously over 1
hour. An echocardiogram revealed normal left ventricular function and
no evidence of pericardial effusion. The chest radiograph was normal.
Despite adequate intravenous fluid replacement, he still displayed
persistent hypotension, so, intravenous noradrenaline (0.01 pg/kg of
body weight until blood pressure improved) infusion was started. He
also displayed recurrent episodes of hypoglycaemia despite intravenous
dextrose supplementation, with blood sugar levels fluctuating between
45 and 60 mg/dL.

Blood parameters showed sodium level of 135 mEq/L, potassium of
6.9 mEq/L, chloride of 102 mEq/L, bicarbonate of 16 mEq/L, aspartate
aminotransferase (AST) 253 IU/L, alanine aminotransferase (ALT) 699
IU/L, the glucose of 52 mg/dl, and creatinine 2.9 mg/dl. His urea, uric
acid, and creatinine as well as serum glutamic-oxaloacetic transaminase
(SGOT) and serum glutamate pyruvate transaminase (SGPT) levels were
increased. Based on catecholamine-resistant hypotension, hypo-
glycaemia and hyperkalaemia, an adrenal crisis was suspected. His
random cortisol level was largely reduced to 1.12 pg/dL (normal levels:
6.2-19.4 pg/dL). Similarly, his thyroid hormone levels were reduced;
thyroid stimulating hormone (TSH) - 0.03 pIU/mL (normal levels:
0.30-5.5 pIU/mL), free thyroxine (T4) - 0.41 ng/dL (normal levels:
0.70-1.80 ng/dL) and free triiodothyronine (T3) - 0.6 pg/mL (normal
levels: 1.7-4.2 pg/mL). Moreover, growth hormone (0.12 ng/mlL),
prolactin (1.7 ng/mL), adrenocorticotrophic hormone (ACTH) (5.90 pg/
ml), LH (0.11 mIU/ml), follicle-stimulating hormone (FSH) (0.14 mIU/
ml), Insulin-like growth factor 1 (IGF1) (25 ng/ml), insulin-like growth
factor binding protein 3 (IGFBP3) (1.04 pg/ml), and testosterone (0.20
ng/ml) levels were all reduced. Hence, an emergency computerised to-
mography (CT) brain scan without contrast was performed, and it
revealed an acute haemorrhage in the pituitary gland (Fig. 1B). Simi-
larly, a CT scan of the abdomen showed bilateral homogeneous, smooth
adrenal enlargement with high attenuation, suggestive of bilateral ad-
renal haemorrhage (Fig. 1C, D and E). The replacement of cortisol and
thyroxine was performed according to the standard protocol; by giving
the patient hydrocortisone 50 mg intravenously twice daily for five days
and thyroxine 150 pg (orally as tablets once daily until the euthyroid
state was attained). Vasopressors were tapered gradually, and the pa-
tient was weaned off the ventilator and extubated on the 9™ day from
admission. His condition improved and he was discharged on day 15
(from admission at our hospital). He was stable during the weekly
follow-up monitoring for three months, and once a fortnight for another
three months.

3. Discussion

The majority of the clinical manifestations of Russell’s viper enve-
nomations on biological systems and their implications for effective
antivenom therapy have been extensively documented in the literature
(Suraweera et al., 2020; Senthilkumaran et al., 2022a). However, recent
clinical studies have emphasised that we have a limited understanding
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of the full range of possible complications that Russell’s viper enveno-
mations can cause including numerous rare manifestations (Pothukuchi
et al., 2018; Sasidaran et al., 2018; Ganguly et al., 2022). Several ex-
amples of such unusual consequences have been published in recent
years (Senthilkumaran et al., 2021b, 2022b; Arathisenthil et al., 2022),
warning that healthcare professionals must remain vigilant and obser-
vant of unexpected manifestations in SBE victims. New reports of un-
common manifestations are crucial for building awareness and ensuring
the effective resolution of symptoms based on previous experiences. This
article is an example of a patient with both bilateral adrenal and pitui-
tary haemorrhages caused by Russell’s viper bite.

Adrenal glands are important sites for the production and secretion
of several hormones, which are intrinsically regulated by signals from
the pituitary gland in the brain (Goyal et al., 2018). These glands are
richly covered with blood vessels and therefore, they are highly sus-
ceptible to bleeding (Bhattacharya et al., 2020). Many different causa-
tive factors such as acute stress, anticoagulant use, burns, COVID-19,
infections, idiopathies, liver transplantation, major surgery, severe
sepsis, and tumours may induce adrenal haemorrhages (Wong et al.,
2016). Bleeding into the pituitary gland induced by diverse factors also
has numerous causalities (Uihlein et al., 1957). The data presented here,
including symptoms, laboratory results and imaging modality indicates
Russell’s viper envenomation as a possible cause of haemorrhage of the
pituitary and adrenal glands. A considerable percentage (51%) of such
bleeding events have been identified in autopsies involving the adrenal
and pituitary glands of victims in India following Russell’s viper en-
venomation (Gopalakrishnan et al., 2018).

An investigation of SBE cases in Myanmar revealed that around 90%
of the patients’ autopsies within a 5-year period were victims of Russell’s
viper envenomations. This study revealed a similar prevalence of pitu-
itary (43%) and adrenal (36%) haemorrhages among other SBE patients
(Thein and Byard, 2019). Other studies have discussed patient fatalities
resulting from haemorrhages of the adrenal or pituitary glands induced
by Russell’s viper (Tun et al., 1987; Than et al., 1989). These insights
suggest that such complications may be more frequent than previously
realised. Thus, more statistical analysis of observational data is needed
to confirm if they are uncommon or rather underreported
manifestations.

To date, the relationship between SBE and haemorrhagic necrosis of
pituitary or adrenal glands has not been completely understood (Bhat-
tacharya et al., 2020). The high blood supply requirements of these
glands make them a likely site of blood extravasation induced by venom
toxins (Jordan et al., 2012). Functional studies have unveiled that bio-
logically active toxic proteins within Russell’s viper venom present
vasculotoxic, haemorrhagic and proteolytic properties which may lead
to venom-induced thrombocytopenia, activation of clotting factors and
fibrinolysis. Activation of clotting factors paired with excessive fibri-
nolysis results in the exhaustion of clotting factors and is known as
consumption coagulopathy. The venom-induced consumption coagul-
opathy can result in localised blood clotting with systemic bleeding a
condition known as disseminated intravascular coagulation. This co-
incides with the prolonged 20 WBCT and prothrombin time observed in
this SBE patient. The consumption of coagulation factors and/or direct
action of snake venom metalloproteases on blood cell wall integrity is a
possible pathogenic mechanism implicated in the reported disturbance
of the functional vascular network. Other similar reports previously
support the same mechanistic details as discussed here (Lakhotia et al.,
2014; Kar et al., 2021).

The non-specific presentation and diagnostically challenging nature
of haemorrhages in endocrine glands were illustrated in this case report.
Initially, adrenaline and glucocorticoid (dexamethasone) were given to
prevent/revert potentially serious hypersensitivity effects characteristic
of an anaphylactic reaction. These strategies are widely used to avoid
adverse events derived from the antivenom (Nuchpraryoon and Garner.,
2000). However, in the present case, this intervention did not eliminate
the symptoms, suggesting a misdiagnosis. The patient required
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transferring to another specialist hospital for better management,
emphasising the need for more well-trained clinicians to handle SBE
victims and this is the same in many developing countries (Vaiyapuri
et al.,, 2013). Strengthening health centres and training medical
personnel for accurate and time-limited diagnosis are key points to
achieve the objectives of mitigating the impact of SBE in line with the
strategies established by the World Health Organisation (Minghui et al.,
2019). The victim in this study experienced acute abdominal pain, hy-
potension that did not respond to inotropes, hypoglycaemia, and
hyperkalaemia. Additionally, of clinical significance, laboratory test
results confirmed decreased cortisol, thyroid stimulating hormone,
prolactin, free triiodothyronine (T3), free thyroxine (T4), testosterone
and ACTH levels. Collectively, these biomarkers are correlated with
adrenal insufficiency, as suggested by previous studies (Senthilkumaran
et al., 2018; Bhattacharya et al., 2020). In line with this suspicion of
endocrine dysfunction, a CT scan was performed. CT examinations of the
brain and abdomen are key imaging modalities used for diagnosing
haemorrhage in endocrine glands (Sayit et al., 2017; Goyal et al., 2018).
According to our image analysis, the SBE victim presented simultaneous
bilateral adrenal and pituitary haemorrhages. Thus, this case consists of
primary and secondary adrenal insufficiency characterised by damage to
the adrenal and pituitary glands, respectively. Most previously reported
cases of patients bitten by snakes with haemorrhage are in one of the
glands. In this sense, we encourage prompt diagnosis allowing for the
timely provision of life-saving treatments.

In clinical practice, the general management of SBE victims pre-
senting adrenal and/or pituitary haemorrhages is frequently based on
hormones, replacing those that are not being produced due to venom-
induced effects on the endocrine gland (Fatima et al., 2018). In this
study, conservative therapy consisting of a combination of hydrocorti-
sone and thyroxine was successful. Similarly, Russell’s viper patients
showing bilateral adrenal haemorrhages exhibited considerable
improvement in the clinical condition following traditional approaches
involving the administration of intravenous hydrocortisone (Senthilku-
maran et al., 2018). From a hospital-based supportive care experience,
other reviews, case reports and original articles have evidenced the
important role of corticosteroid treatment in high-risk patients (Rao
et al., 1989; Bhandari et al., 2016; Senthilkumaran et al., 2018; Bashari
et al., 2020).

Finally, bilateral adrenal and pituitary complications should be
considered during medical supervision of victims bitten by Russell’s
viper and other snakes, and healthcare professionals must be vigilant in
promptly identifying these events. The underlying mechanisms causing
these effects have not been fully elucidated. Thus, multidisciplinary
research into these consequences, including a detailed epidemiology
analysis and molecular research should be initiated for a deeper un-
derstanding that could result in beneficial therapeutic developments and
drive decision-making that can have a direct impact on the advancement
of clinical practice.

4. Conclusions

This case report updates the recognised clinical presentations of
Russell’s viper envenomations and offers a detailed account of the
diagnosis and treatment of simultaneous haemorrhage in adrenal and
pituitary glands, which can be utilised as a guide for the successful
treatment of future patients displaying similar clinical manifestations
and symptomology. In summary, bilateral adrenal and pituitary hae-
morrhages caused by Russell’s viper bites seem to be underreported
conditions that require due care and consideration when dealing with
patients and assessing their signs and symptoms. Failure or delay in
acknowledging these clinical manifestations and administering appro-
priate treatment can be fatal. The exact pathophysiology of this clinical
scenario remains uncertain and deserves further investigation. In terms
of successful management, early diagnosis using a CT scan and prompt
administration of parenteral hydrocortisone are essential to improve
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