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Abstract Bradycardia and rarely cardiac arrest as a
complication of cervical spine injury due to reduced sym-
pathetic activity is well known, which usually settles down
in 4-6 weeks of injury. There are few case reports in lit-
erature of high cervical spinal cord injury requiring
permanent cardiac pacemaker due to this complication, but
an injury as low as cervico-dorsal junction requiring
permanent cardiac pacemaker has never been reported.
A 47-year-old male suffered traumatic C7-D1 dislocation
and continued to have severe bradycardia with multiple
episodes of cardiac arrest till 2 months after injury, which
finally warranted permanent cardiac pacemaker as a life
saving measure. Following permanent cardiac pacemaker
no cardiac arrest occurred and the patient was successfully
rehabilitated. The case directs our attention to a rare
complication of cardiac arrest occurring in an injury as low
as cervico-dorsal junction when all other causes are ruled
out and shows importance of using permanent cardiac
pacemaker to ensure patient safety in community.
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Introduction

Bradyarrhythmia is a well-established complication of
cervical spinal cord injury [3, 4, 7, 10, 12]. In complete
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cervical spinal cord injury, Lehman et al. [7] reported
bradycardia <60 beats/min in 100% patients and cardiac
arrest in 15%.

The need for permanent cardiac pacemaker following
cardiac arrest in a high cervical tetraplegic has been
reported in literature [6, 11] but cardiac arrest occurring as
a complication of cervico-dorsal spinal injury has never
been reported.

Case report

A 47-year-old male suffered a traumatic C7-D1 dislocation
with ASIA-A tetraplegia. Due to breathing difficulty at the
time of admission, he was put on ventilator at positive
airway pressure mode. Skull traction was applied and dis-
location gradually reduced with increasing weight till
16 kg. He was maintaining his blood gas levels with
hypotension (100/60 mmHg) and bradycardia (45—
55 beats/min). His baseline electrocardiogram and preop-
erative blood profile were normal (Fig. 1).

On the fourth day, he underwent anterior fusion with
tricortical bone graft supplemented with anterior cervical
locking plate.

Postoperatively, he continued to have ventilator support
and hence tracheostomy was done. On the seventh day, he
developed asymptomatic bradycardia as low as 38 beats/
min and was corrected with single dose of atropine. On the
next day, he developed sudden bradycardia followed by
arrest which was revived with cardiac massage and single
dose of atropine. Patient was awake just before this epi-
sode, without hypoxia or any medical procedures being
carried out. He continued to be on ventilator support at
positive airway pressure. Again, the same day he devel-
oped two more episodes of cardiac arrest which were
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Fig. 1 T2 weighted MR Image showing C7-T1 dislocation

revived successfully with cardiac massage and single dose
of atropine. All three episodes that occurred in the day took
less than 1 min for revival. Patient had no cardiac problems
in the past and his electrocardiogram following all three
episodes showed no abnormalities other than sinus brady-
cardia. His electrolytes were within normal limits
throughout the postoperative period. Later Holter studies
showed heart rate varying between 44 and 58 beats/min.
The dominant rthythm was sinus bradycardia without any
critical arrhythmias. Lack of sympathetic cardiac acceler-
ation due to spinal cord injury was diagnosed as the
probable aetiology. Low dose ephedrine (0.5 mg/kg every
8 h) was begun. On the tenth day, he again developed
sudden cardiac arrest while he was awake and resting
quietly. Rhythm strip documented sinus bradycardia of
44 beats/min changing to sinus pause of 30 s. Later it
converted first to premature ventricular contractions fol-
lowed by sinus tachycardia after resuscitation with
atropine.

Continual cardiac instability necessitated temporary
cardiac pacemaker set at 65 beats/min. The patient con-
tinued to be on ventilator for the next 2 weeks during
which he was gradually weaned off. Temporary cardiac
pacemaker was removed after 3 weeks of insertion (32nd

day following injury) due to risk of infection. There was no
arrest during this period of temporary cardiac pacemaker.
On the third day after removal of temporary cardiac
pacemaker, he again suffered cardiac arrest. Oxygen satu-
ration just before the episode was normal. He was revived,
but due to low oxygen saturation and breathing difficulty
after revival, he was put on ventilator at positive airway
pressure mode. His heart rate was between 48 and 54 beats/
min without any critical arrhythmias. He once again nee-
ded temporary cardiac pacemaker to avoid further episodes
of cardiac instability with a broader antimicrobial cover to
decrease the risk of infection. He improved again and
weaned from ventilator in a week’s time. He was continued
on temporary cardiac pacemaker for about 4 weeks after
reinsertion, and it was removed (60th day following injury)
considering recovery in sympathetic support due to
improvement in blood pressure recordings. But two days
after removing temporary cardiac pacemaker, he suffered
another cardiac arrest which was again revived and deci-
sion made on permanent cardiac pacemaker to prevent any
long-term sequelae.

Permanent cardiac pacemaker was put next day
(63rd day following injury), following which patient was
weaned from ventilator and did not show further cardiac
instability till he was discharged fully rehabilitated at
4 months following injury.

Discussion

Severe bradycardia and cardiac arrest as a complication of
acute cervical spinal cord injury is well known [4, 7]. It has
been observed that higher the level of injury, more pro-
found the clinical consequences of sympathetic
dysfunction and hence the need for cardiovascular inter-
ventions [3].

Sympathetic innervation to heart arises from neurons in
intermediolateral grey columns of cord segments T1-T4
which is under control of higher centres via cervical spinal
cord. Parasympathetic innervation comes via vagus nerve.
Following any spinal cord injury above T1, the supraspinal
control of sympathetic nervous system is lost, making the
functioning spinal cord below the lesion independent of
higher centres (known as ‘decentralization’ of sympathetic
nervous system), resulting in diminished sympathetic
activity, while the parasympathetic control remains intact
via vagus nerve, which results in relative parasympathetic
dominance causing bradycardia and rarely cardiac arrest.

As the period of spinal shock passes the sympathetic
activity returns, resulting in gradual improvement in heart
rate to normal within 4-6 weeks after injury [4, 7, 12].

This return in sympathetic activity is mainly due to two
reasons [12].
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First, following acute spinal cord injury, the pregangli-
onic sympathetic neurons undergo atrophy after
deafferentation from loss of excitatory inputs of medullary
neurons, causing depression of sympathetic activity. With
time, these preganglionic sympathetic neurons regain their
normal morphology resulting in gradual return of sympa-
thetic activity.

Second, the peripheral vascular alpha receptors become
hyper-responsive resulting in enhanced pressor response
but has no direct effect on elevation of heart rate [1].

In our patient, the level of injury was cervico-dorsal
junction which apart from creating decentralization of
sympathetic nervous system, also leads to direct mechan-
ical insult to preganglionic sympathetic neurons in cord
segments T1-T3, which probably may lead to neuronal cell
death making them unavailable for later recovery in mor-
phology and function. This would lead to permanent
withdrawal of major sympathetic cardioaccelerator sup-
port, thereby not letting recovery in bradycardia and
recurrent cardiac arrest even at more than 2 months fol-
lowing injury.

Since literature [2, 4-6, 8, 9] describes following
mechanisms of bradycardia following spinal cord injury,
we considered all of them in our case before attributing it
to cardiac sympathetic denervation.

1. Vagal stimulation following tracheal suctioning is a
well-known mechanism of bradycardia in tetraplegic
due to dysfunction of sympathetic system [5, 6, 9].

2. Hypoxic episodes can also trigger bradycardia in a
tetraplegic patient on assisted ventilation due to lack of
pulmonary inflation reflex [2, 5, 6].

3. In chronic stage, autonomic hyperreflexia can also
trigger reflex bradycardia [4, 6, 8].

However, in our patient, all these three mechanisms
were ruled out as all the episodes of bradycardia and car-
diac arrest occurred when patient was not being suctioned,
had no hypoxia or any trigger for development of auto-
nomic hyperreflexia which again is unlikely at such an
acute stage.

Clinical evidence against primary cardiac cause proba-
bly comes from the fact that the trial with ephedrine as
preventive measure resulted in failure. Above all, he never
had a single episode of bradycardia or cardiac arrest after
temporary/permanent pacemaker insertion, which again
rules out primary cardiac aetiology.

Our patient, having a cervico-dorsal injury was expected
to recover his sympathetic support to heart in 4-6 weeks
time [4, 7, 12], but in view of continual cardiac instability
at 9 weeks and clinical evidence of cardiac stability during
the period of temporary cardiac pacemaker forced us to
consider implantation of permanent cardiac pacemaker.
Despite improvement in serial blood pressure readings at
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the end of 8 weeks following injury, he continued to have
cardiac instability as soon as temporary cardiac pacemaker
was removed. This forced us to conclude that although
recovery in sympathetic tone due to peripheral alpha
receptor hyper-responsiveness and morphological recovery
of preganglionic sympathetic neurons in functioning spinal
cord segments below the injured level had occurred, the
injured cord segments of T1-T3 in a cervico-dorsal injury
had stopped giving sympathetic cardiac acceleration
resulting in persistent bradycardia and cardiac arrest. The
justification of using permanent cardiac pacemaker in our
case lies in the fact that, in the absence of cardiac pacing,
cardiac instability persisted even at more than 2 months
after injury, when spontaneous recovery in bradycardia
should have occurred [4, 7, 12]. The patient could be sta-
bilised successfully with permanent cardiac pacemaker and
completed his rehabilitation.

We therefore conclude that despite being a rare
scenario of permanent cardiac pacemaker in an injury as
low as cervico-dorsal junction, it should be considered
whenever all other possible alternatives are ruled out
to ensure patient’s safety in community over a long
period.
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