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ABSTRACT

Envenoming by hump-nosed pit vipers (genus Hypnale) causes local effects, mild coagulopathy,
and rarely, acute kidney injury. Neuromuscular dysfunction has not been clinically reported but,
in vitro studies show a weak, reversible, neurotoxic effect on the neuromuscular junction. We
investigated the neuromuscular dysfunction in H. hypnale envenoming. Eighteen patients with
authenticated H. hypnale envenoming were included. All 18 had serial clinical and neurological
examinations. We evaluated neuromuscular dysfunction using stimulated concentric needle sin-
gle-fibre electromyography (sfEMG) of orbicularis oculi in the patients within two days of the
bite and compared to 29 normal subjects. Patients with abnormal jitter were reviewed six weeks
later. All 18 patients had local effects and one-third had non-specific systemic symptoms. No
patient had clinical features of neuromuscular paralysis. Median jitter values of patients were
statistically significantly higher than normal subjects (19.6+13.0 us compared with 15.6+7.4 ps.).
None of the patients or normal subjects had neuromuscular blocks. Three patients had median
jitter values higher than the maximum in normal subjects, which returned to normal by six
weeks. H. hypnale envenoming leads to sub-clinical neuromuscular dysfunction, despite patients
not showing any clinically detectable neurotoxicity.

Introduction

Snakebite is a neglected tropical disease and causes
significant morbidity and mortality in many parts of
the world [1]. There are 398 snakebites for 100,000
population per year in Sri Lanka, which is one of the
highest snakebite incidence rates in the world [2].
Merrem’s hump-nosed viper (Hypnale hypnale) enve-
noming is common and a significant public health
issue in Sri Lanka and South India [3,4]. H. hypnale
has been estimated to account for 35 to 45% of the
snakebites in Sri Lanka [5]. Envenoming by H. hyp-
nale causes significant local effects that include pain,
swelling, blistering, haemorrhage, and necrosis at the
bite site. In severe cases, the local effects may result
in the loss of a digit or even a partial limb amputa-
tion [6]. The systemic effects of H. hypnale include

mild venom-induced consumption coagulopathy and
acute kidney injury [7,8]. Electroencephalographic
changes without clinically detectable neurological
effects have been reported in five patients with enve-
noming by H. hypnale [9].

Neurotoxic snake envenoming most commonly
results in flaccid paralysis, due to the pre- and post-
synaptic neurotoxins that disrupt the neurotransmis-
sion across the neuromuscular junction [10].
Clinically detectable neuromuscular dysfunction in H.
hypnale envenoming has not been reported in previ-
ous clinical studies with case-authentication [6,8].
However, weak neurotoxic and myotoxic effects of H.
hypnale venom have previously been shown in in
vitro nerve-muscle preparations [11]. Mice enve-
nomed by Hypnale showed reduced motor activity,
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hypotonia accompanied by muscarinic effects [12]. As
seen in most viper venoms [13], H. hypnale venom is
rich in phospholipase A, toxins and lacks three-finger
toxins [14]. The former toxin group includes pre-syn-
aptic neurotoxins while the latter group includes
post-synaptic neurotoxins. No neurotoxins have been
isolated from H. hypnale venom to date.

Using a series of concentric needle jitter estima-
tions after envenoming, we have previously demon-
strated the evolution and resolution of neuromuscular
dysfunction in Indian krait (Bungarus caeruleus) [15]
and Russell’s viper (Daboia russelii) [16] envenoming.
Furthermore, we have shown the usefulness of con-
centric needle jitter estimation to detect sub-clinical
neuromuscular dysfunction in patients with Russell’s
viper envenoming, who did not develop clinically
detectable paralysis [16].

Jitter estimation is a measure of the variation in
time for the nerve impulse to cross the neuromuscu-
lar junction and excite the muscle fibre. An increase
in jitter demonstrates dysfunction of the neuromuscu-
lar junction before failure of impulse transmission
from nerve to muscle, and therefore before clinical
muscle weakness develops. It is formally measured as
the mean consecutive difference (MCD) between one
impulse and the next. Neuromuscular transmission is
secure and never normally fails, even in fatigue. If the
neuromuscular junction is compromised, the jitter or
MCD becomes prolonged and some impulses may fail
to cross to the muscle fibre. This is neuromuscular
blocking and when about 20% of impulses are
blocked, muscle weakness becomes clinically appar-
ent [17].

The lack of clinically detectable paralysis in enve-
nomed patients despite the venom showing neurotox-
icity in vitro, prompted us to investigate a possible
sub-clinical neuromuscular dysfunction in H. hypnale
envenoming using concentric needle jitter estimation.
We used portable equipment at the bedside in trop-
ical conditions. This differs from the usual tempera-
ture controlled laboratory conditions used by others,
so we compared the jitter values of patients with H.
hypnale envenoming with a group of healthy volun-
teers in tropical conditions.

Methods
Ethics

This study was approved by the human ethics com-
mittees of the Rajarata University and University of
Peradeniya in Sri Lanka. All patients and normal sub-
jects gave their written informed consent.

Patients with H. hypnale envenoming

We recruited 18 patients with H. hypnale envenoming
treated in the professorial medical unit of the
Anuradhapura Teaching Hospital between August
2013 and October 2014. The recruited patients had
the offending snake specimen available for identifica-
tion by an experienced herpetologist (AS) and had
symptomatic bites with at minimum local pain and
swelling. In all cases, the offending snake was identi-
fied as H. hypnale by AS who is a herpetologist, by
examining the dead specimen brought in with
the patient.

The patients had a detailed neurological examin-
ation on admission and at 4, 8, 12, 24hours post-
envenoming and daily thereafter. A clinical examin-
ation (other than neurological examination) was done
on admission, 12 and 24 hours post-envenoming and
daily thereafter. A 20-min whole blood clotting test
(WBCT20) was done in all patients on admission.
Clot formation at the end of 20 min was considered a
negative test. All routine investigations of the patients
carried out in the hospital were recorded. Patients
had stimulated “concentric needle jitter electro-
myography” undertaken within 3 to 47 hours of enve-
noming. The treating clinicians determined patient
treatment, which included analgesics, intravenous or
oral cloxacillin 500 mg every six hours, and no anti-
venom. The Indian polyvalent antivenoms available in
Sri Lanka are not raised against H. hypnale and are
ineffective [8,18-20]. Patients who had abnormal jitter
were reviewed for repeat jitter estimation six weeks
after the snakebite.

Normal subjects

We recruited the normal volunteers from the Faculty
of Medicine of the Rajarata University. There were 21
males and 8 females, median age 36years
(18-59 years). All were healthy, and neither had a his-
tory of any neuromuscular related disease, nor were
they on any medication.

Concentric needle single-fibre
electromyography (sfEMG)

We undertook jitter recordings of orbicularis oculi
muscle as per the previously described sfEMG
method, [21-23] with minor modifications. The orbi-
cularis oculi muscle was used because it is one of the
earliest muscles to become affected in neurotoxic
snake envenoming. We used monopolar needle elec-
trodes to stimulate the supra-zygomatic branch of the
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Table 1. Demographic characteristics of 18 patients with H. hypnale envenoming.

Age Median (range) in years 39 (20-63)
Sex Males (%) 11 (61%)
Site of bite Foot 13 (72%)
Hand 5 (28%)
Time since bite to reach local hospital Median (IQR) in minutes 30 (20-35)
Time since bite to reach study hospital Median (IQR) in hours 2.5 (1.8-3.0)
First aid and home remedies on bite site Washing of bite site 9 (50%)

Application of lime juice 2

(
Application of tourniquet proximally 3 (17%)
Local effects 18 (100%)
Pain 18 (100%)
Swelling 14 (78%)
Blistering 2 (11%)
Necrosis/gangrene 0 (0%)
Regional lymphadenopathy 6 (33%)
Non-specific systemic effects 6 (33%)
Headache 5 (28%)
Nausea 5 (28%)
Vomiting 3 (17%)
Abdominal pain 3 (17%)
Diarrhoea 1 (6%)

facial nerve. Disposable monopolar EMG needles
37mm long, 26G (TECA, Natus neurology, Ireland)
were used as the cathode and 10 mm diameter EEG
scalp electrodes as the stimulating anodes applied to
the cheek.

We recorded from the orbicularis oculi muscle
using a facial concentric needle EMG electrode
(TECA elite, Natus neurology, Ireland, 25 mm X 30G)
and Medelec Synergy equipment VIASYS healthcare,
USA). A ground electrode was placed on the fore-
head. The amplifier bandwidth was set from either
1kHz or 2kHz to 10kHz using recursive filters and
the sampling rate was 100kHz. Stimulation duration
was 0.05-0.2ms and at 10/sec at just supra-threshold
strength (0.8-2.0mA.) We recorded jitter measure-
ments using time gated amplitude threshold detection
of the fibres. We recorded 20 to 50 separate jitter
measurements in each subject or patient. A Toshiba
laptop ran the software. The investigators then
checked the analysis of the results after recording and
only included all apparent single fibres meeting the
inclusion criteria (see below) for the jitter
measurements.

In the process of undertaking jitter measurements,
there is a risk of recording a spike-like potential,
which is a composite of several overlapping single
fibres. To minimise this risk, we adjusted the stimulus
strength to just supra-threshold to excite a minimum
number of motor units. Records were scrutinised off-
line before MCD measurements using an amplitude-
crossing algorithm. We examined traces at a sweep
speed of 0.2ms per division and potentials less than
100 uV amplitude and any positive going potentials
were excluded. Potentials with a rise time of greater
than 0.3ms and those with notches or shoulders on

the rising phase or which had an inconsistent shape
were deemed to be composites of more than one
fibre, and were rejected from the analysis. All others
were included. Normal data have been reported and
are used here for comparison [21].

Data analysis

Analysis of jitter data was done using PRISM, version
7.02 (GraphPad Software, Inc., La Jolla, CA).
Continuous variables were reported as medians,
range, and interquartile range (IQR). Jitter values of
patients and normal subjects were analysed using the
Mann Whitney test.

Results

Characteristics of the snakebites and the clinical
features of envenoming

All the 18 patients had fang marks at the bite site and
local features of envenoming. Six patients had non-
specific systemic symptoms (Table 1). None of the
patients developed any sign of neuromuscular paraly-
sis, including ptosis, ophthalmoplegia, diplopia, facial
and bulbar palsy, or respiratory paralysis. No patient
had any evidence of venom-induced consumption
coagulopathy based on them all having negative
WBCT20 and normal INR. One patient had clinical
and biochemical evidence of acute kidney injury.

sfEMG jitter estimates of envenomed patients
versus normal subjects

We recorded jitter measurements in all 18 patients, 3
to 47 hours (median: 15hours; IQR: 9 to 30hours)
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Figure 1. Comparison on median jitter of 18 patients with H.
hypnale envenoming (HNV) and 29 normal subjects.
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subjects

ues compared to normal (*p <0.05, Mann
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Figure 2. Stimulated single-fibre electromyography recordings
of the orbicularis oculi muscle of a patient with H. hypnale
envenoming. (a) superimposed and (b) non-superimposed
recordings of a fibre with a MCD of 56.01 s in a patient who
had a mean jitter of 41.04 ps, recorded 29 hours after the bite.
(c) Superimposed and (d) non-superimposed recordings of a
fibre with a MCD of 6.36 s in the same patient who had a
mean jitter of 15.12 ps, recorded six weeks after the bite.

after H. hypnale envenoming. We compared these
with the median jitter estimates of 29 normal subjects.
Neither the patients nor normal subjects developed
neuromuscular blocks. Patients with H. hypnale enve-
noming had higher median jitter values compared to
the normal subjects, indicating neuromuscular dys-
function (Figure 1). Three patients had median jitter
values greater than the upper limit of the normal

subjects (Figures 1 and 2). Six weeks after the snake-
bite, the MCD of all three patients had reduced sig-
nificantly, with the median jitter values lying within
the range of median jitter values of the normal sub-
jects, indicating a recovery of the neuromuscular
function (Figure 3). There was no association between
the percentage of abnormal fibres in patients and the
bite-to-jitter time gap (R*=0.0194). Measurements
from the pooled fibres in patients with H. hypnale
envenoming and normal subjects are shown in
Table 2.

Discussion

Our study demonstrates sub-clinical neuromuscular
dysfunction in patients envenomed by H. hypnale
based on increased jitter measured by concentric nee-
dle stEMG. The electromyographic abnormalities were
limited to slightly prolonged jitter, without any neuro-
muscular blocks, and the patients had no evidence of
clinical neuromuscular weakness. The abnormalities
were detected within the first two days of the snakebite
and had resolved by 6 weeks after the snakebite. This is
similar to the previously reported high jitter observed
in Russell's viper (Daboia russelii) envenoming in
patients without clinically detectable paralysis [16].

Neurotoxin are yet to be isolated from H. hypnale
venom. Recent venom proteomic studies of H. hyp-
nale venom suggested the absence of post-synaptic
neurotoxins [14]. However, the venom contained
large amounts of phospholipase A, toxin, and it is
possible that there is a weak pre-synaptic neurotoxin
in the venom responsible for this sub-clinical neuro-
toxicity. The jitter values in themselves do not distin-
guish a pre- or post-synaptic action, so functional
characterisation of the venom is required to con-
firm this.

H. hypnale bites generally only cause local effects
while systemic manifestations such as venom induced
consumption coagulopathy and acute kidney injury
are rare [6]. Venom induced consumption coagulop-
athy in patients with H. hypnale bites is incomplete
and mild, so is often not detectable with a WBCT20
[7]. H. hypnale is a small bodied pit viper species
rarely exceeding 40 cm in length [24]. The mild coa-
gulopathy and sub-clinical neuromuscular dysfunction
observed in patients with H. hypnale envenoming
could therefore be partly due to the smaller venom
doses likely to be injected during the bite.

Single fibre EMG was developed as a sensitive test
for the detection of neuromuscular dysfunction in
myasthenia gravis because it detects abnormalities in
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Figure 3. Comparison of the MCD of the sampled fibres during the hospital admission following the snake bite and six weeks
after the snakebite of three patients (Patients A, B, and C) who had higher jitter values compared to the normal subjects, follow-

ing the snakebite (*p < 0.05, Mann Whitney test).

Table 2. The pooled jitter values recorded by stimulated concentric needle EMG of 18 patients with H. hypnale envenoming and

29 normal subjects.

Number of

Minimum jitter of

Maximum jitter of Mean jitter of pooled SD of the jitter of

Subjects sampled fibres pooled fibres (ps) pooled fibres (us) fibres (us) pooled fibres (us)
Envenomed patients 18 491 5.05 136.6 19.61 13.01
Normal subjects 29 812 437 70.46 15.62 7.39

motor end plate function when there is no detectable
weakness [25]. We have successfully modified this
technique of concentric needle jitter analysis to inves-
tigate neuromuscular paralysis in snake envenoming
[15,16]. The traditional method of repetitive nerve
stimulation demonstrates the failure of nerve-muscle
transmission in some of the fibres. However, jitter
values increase before there is failure of nerve-muscle
transmission and hence is useful to detect sub-clinical
neuromuscular paralysis or impending neuromuscular
paralysis in snake envenoming [15,16]. Stimulated
concentric needle jitter measurement is based on the
original sfEMG technique, but is quicker and cheaper
to use [26]. Cooperation of the patient is not required
and the test can be easily applied to the facial muscles
and is therefore more appropriate in studying snake-
bite patients who are often critically ill.

Conducting serial sfEMG tests of patients during
the hospital stay was not possible and the timing

from the bite to sfEMG varied among the patients. It
is therefore possible to miss any transient sfEMG
abnormalities in some of the study patients.

The normal ranges of jitter values for fibres in
individuals has been established based on studies
conducted in electromyography laboratories with
controlled environments. This is not the case for
snakebite patients, who are mostly treated in uncon-
trolled environments in resource poor settings in
the tropics. We established normal ranges for com-
parison, with a group of normal subjects under
tropical laboratory conditions. The mean jitter of
our normal subjects (15.62+7.39 us) compares well
with the means obtained from a multicentre
study [26].

Our results in patients with H. hypnale envenom-
ing, and the in vitro studies of the venom [11] suggest
the presence of a neurotoxic component in H. hyp-
nale venom.
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