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Case Report
New-onset tachycardia-bradycardia syndrome
following acute non-medullary brainstem infarction
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Abstract: Tachycardia-bradycardia syndrome (TBS) is a variant of sick sinus syndrome (SSS) characterized by alter-
nating tachycardia and bradycardia. A few cases of SSS secondary to structural lesions in the medulla have been
reported, but there has never been a reported case of the rare sign akin to TBS following acute non-medullary brain-
stem infarction. Furthermore, new-onset cardiac arrhythmias in stroke often presented in one continuous pattern
- either as bradycardia or tachycardia, but instances of an alternating fashion have been rarely reported. We present
the case of a 46-year-old female who developed severe dizziness with vomiting, diplopia, and slurred speech, which
gradually worsened to quadriplegia, severe hypophonia, and dysphagia. Brain magnetic resonance imaging (MRI)
demonstrated acute midbrain and pontine infarction. Except for neurological symptoms, the patient experienced
unexpected TBS with the symptoms of excessive sweating, palpitations, and irritability without any other predispos-
ing factors. The frequency of the episodes gradually declined until it spontaneously disappeared the 5™ day after
admission. Given the unpredictable nature of the tachycardia and bradycardia, it was challenging to manage the
arrythmias with medications. A pacemaker was recommended, but financial reasons led the patient to reject this
option. Two weeks after antithrombotic therapy and rehabilitation, she was discharged with residual symptoms of
diplopia, moderate dysarthria, mild quadriplegia, and no cardiac symptoms. Our case highlighted the occurrence
of TBS as a new-onset arrhythmia that can manifest during the acute phase of non-medullary brainstem infarcts.
Further research into brainstem lesions contributing to TBS is warranted us to elucidate the underlying mechanisms.
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Introduction rare sign akin to TBS following acute non-med-
ullary brainstem infarction [4-6].

Cardiac arrhythmias are associated with cen-

tral nervous system dysfunction, which are fre-
quent in stroke [1]. Clinically, new-onset cardiac
arrhythmias in stroke often present in one con-
tinuous pattern - either as bradycardia or tachy-
cardia, but instances of an alternating fashion
mimicking tachycardia-bradycardia syndrome
(TBS), a variant of sick sinus syndrome (SSS),
are rarely reported [2]. While the neurocardiac
syndrome has mostly been focused on cortical
areas, especially the insula areas, it is crucial
to recognize the significant role that nuclei of
the medulla play in regulating autonomic car-
diovascular functions in the brainstem [3].
Although cases of SSS secondary to structural
lesions in the medulla have been reported,
there has never been a reported case of the

Case presentation

A 46-year-old right-handed woman developed
an episode of severe dizziness with vomiting,
diplopia, and slurred speech, and the symp-
toms lasted for three hours before she was
referred to our emergency department. She had
a 20-year history of smoking cigarettes, and no
known cardiac issues. Neurological examina-
tion revealed somnolence, dysarthria, and left
lateral gaze palsy with left internuclear ophthal-
moplegia, suggestive of left one and a half syn-
drome. She was subsequently admitted to the
neuro-intensive care unit (NICU) after a brain
computed tomography (CT) confirmed the ab-
sence of intracranial hemorrhage. Fingertip
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Figure 1. Brain MRI and ECG abnormalities. Diffusion-weighted se-
quences on brain magnetic resonance imaging showed midbrain and
pontine infarction (A-C). The basilar artery and initial segments of both
left and right posterior cerebral arteries could not be visualized by brain
magnetic resonance angiography (D). The ECG, measured at 4-minute
intervals, showed sinus bradycardia and supraventricular tachycardia
with heart rates of 206 and 47 beats per minute, respectively (E, F).

blood glucose and electrocardiogram (ECG)
results were normal limits. Given the diagnosis
of hyperacute cerebral infarction, intravenous
thrombolysis was initiated with 54 mg tissue
plasminogen activator (rt-PA) 3.5 hours after
symptom onset. The patient was given atorvas-
tatin with a dosage of 20 mg once daily and
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100 ml of butylphthalide injection
twice daily. Despite treatment, the
symptoms worsened progressive-
ly, leading to quadriplegia, impair-
ment of the horizontal eye move-
ment and anarthria within the
initial 24 hours. A diagnosis of
locked-in syndrome was estab-
lished due to total immobility with
the preservation of the ability to
perform vertical eye movement,
blink, and maintain a normal level
of consciousness. Brain CT after
neurological deterioration demon-
strated no intracranial hemor-
rhage. Dual antiplatelet therapy
with aspirin (100 mg/day) and
clopidogrelonce (75 mg/day) was
initiated 24 hours after thromboly-
sis. Diffusion-weighted sequences
on brain magnetic resonance im-
aging (MRI) showed midbrain and
pontine infarction (Figure 1A-C),
while no structural lesions were
found in the medulla oblongata
and supratentorial region. Brain
magnetic resonance angiography
(MRA) indicated non-visualization
of the basilar artery and bilateral
initial part of posterior cerebral
artery (PCA) (Figure 1D). Notably,
the patient experienced new-
onset cardiac arrhythmias along
with the worsening of neurological
symptoms. Unexpected tachycar-
dia occurred with heart rates rap-
idly escalating from normal to
over 170 beats/min for a few min-
utes. Subsequently, the heart rate
dropped to less than 50 beats/
min without any medication, as
observed by cardiac monitoring.
The heart rate ranged between 34
and 206 during an attack without
major alterations of blood pres-
sure, whereas it ranged from 59 to
66 between attacks. Episodes of
ECG abnormalities at 4-minute interval time
showed supraventricular tachycardia and sinus
bradycardia with the heart rate of 206 and 47
beats/min, respectively (Figure 1E, 1F). The
patient developed symptoms of excessive
sweating, palpitations, and irritability with ta-
chycardia episodes. Doppler echocardiography
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showed mild tricuspid regurgitation and normal
left ventricular systolic and diastolic function.
Laboratory tests, including cardiac enzymes
(Troponin | 0.01 ng/mL, CK-MB 0.90 ng/mL,
myoglobin 51.5 ng/mL), brain natriuretic pep-
tide (89 pg/ml) and ion levels (potassium 3.6
mmol/L, sodium 138.7 mmol/L, and calcium
2.26 mmol/L), revealed no significant abnor-
malities. Electrolyte abnormalities, metabolic
abnormalities, uncontrolled sleep apnea, and
possible offending medications (e.g., beta-
blockers, calcium channel blockers) were ex-
cluded as causes of secondary TBS. The alter-
nating tachycardia and bradycardia occurred
approximately 10 times per day during the ini-
tial 48 hours since admission, and the frequen-
cy of the episodes gradually declined until it
disappeared by the 5" day, as documented by
continuous cardiac monitoring and by nurses in
the NICU. Although 24-hour dynamic ECG was
inconclusive due to some interference, real-
time ECG confirmed each episode of alternat-
ing tachycardia and bradycardia. Given the un-
predictable nature of the tachycardia and bra-
dycardia, it was challenging to manage the
arrythmias with medications. While the consid-
eration of a pacemaker was on the table before
tachycardia medication, financial reasons led
the patient to decline the option. Two weeks
after antithrombotic therapy and rehabilitation,
she was discharged with residual symptoms of
diplopia, moderate dysarthria, and mild quadri-
plegia. At the 4-month follow-up, palpitations,
excessive sweating, and arrhythmias had
ceased, despite ongoing diplopia and slurred
speech, resulting in a modified Rankin Scale
(mRS) score of 3.

Discussion

TBS represents a variant of SSS characterized
by alternating slow and fast heart rates, pre-
sumably caused by a malfunction of the sinus
node. The spectrum of associated arrhythmias
is broad, including inappropriate sinus brady-
cardia, sinus pauses (> 3 seconds) with junc-
tional escape, sinus arrest, atrial tachycardia,
atrial flutter, and atrial fibrillation. Commonly,
there is an alternating pattern of tachycardia-
bradycardia with a normal sinus rate or brady-
cardia observed between attacks. The condi-
tion may be exacerbated or initiated by both
intrinsic factors such as degenerative fibrosis,
ion channel dysfunction, and remodeling of the
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sinoatrial node, as well as extrinsic factors
including pharmacologic, metabolic, or auto-
nomic factors. Diagnosis ultimately hinges on
the identification of the arrhythmia through
ECG with the presence of symptoms such as
palpitations, dizziness, and syncope [7]. For
individuals with TBS, the installation of a per-
manent pacemaker allows the continuation of
anti-arrhythmic drug therapy, thereby maintain-
ing sinus rhythm.

Newly developed cardiac arrhythmias are com-
monly observed following ischemic or hemor-
rhagic stroke. Previous studies have reported
a significantly higher frequency of new-onset
arrhythmias in patients with stroke compared
to those without a history of stroke [8]. Studies
indicated that a 39% incidence of new-onset
arrhythmias in patients with no previous cardi-
ac history after experiencing a stroke [2]. The
incidence of arrhythmia is particularly elevated
within the initial 48 hours following admission
to the stroke unit, as detected by cardiac moni-
toring [9, 10]. Various types of ECG abnormali-
ties have been detected following acute stroke,
including abnormal T waves, QT prolongation,
atrial fibrillation, atrial tachycardia, and, in so-
me instances, ventricular arrhythmias [1, 8].
Additionally, it is worth noting that the presen-
tation of new-onset cardiac arrhythmias in
stroke often follows a continuous pattern, man-
ifesting as either bradycardia or tachycardia.
However, an alternating pattern mimicking TBS
has not been previously reported.

In our patient, the occurrence of alternating
tachycardia and bradycardia could not be asso-
ciated with any underlying heart disease or
medication, and it was most likely that the
brainstem lesions were responsible for the
tachycardia-bradycardia phenomenon, sup-
ported by the following reasons: 1) The patient
had no history of heart disease, and the cardiac
workups did not show significant findings; 2)
The possibility of drug-induced TBS such as cal-
cium channel blockers, beta blockers, amphet-
amines, antipsychotics, bronchodilators, corti-
costeroids, and loop diuretics was excluded; 3)
The possibility of other causes in TBS such as
electrolyte disturbance, obstructive sleep ap-
nea, and neuromuscular diseases was exclud-
ed; 4) The onset of tachycardia-bradycardia
coincided with the acute phase of brainstem
infarction; and 5) The alternating heart rate
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normalized as the acute ischemic lesion of the
brainstem recovered.

TBS is most likely to be caused by an imbal-
ance of the autonomic tone to the sinoatrial
node due to no confounding causes in our case.
The sympathovagal imbalance can result from
the local pressure effect of the brainstem
infarctions. It has been well documented that
the cortex, brainstem and autonomic nerves
affect cardiac electrophysiology and arrhyth-
mia and that these may function as an integrat-
ed system [3]. Research on neurocardiac syn-
drome has mostly been focused on cortical
regions, especially the insula areas, whereas
the nucleus tractus solitarii (NTS) in the medul-
la is assumed to play an essential role in the
autonomic regulation of cardiovascular func-
tions within the brainstem [11]. Notably, sever-
al case reports have described patients with
lateral medullary infarction who developed car-
diovascular autonomic dysfunction or sinus
arrest [4, 5, 12]. Lee et al. reported a case of
SSS following Wallenberg syndrome [6], char-
acterized by an increased R-R interval with bra-
dycardia and prolonged sinus pause. However,
occurrence of SSS resulting from non-medul-
lary brainstem has been rarely reported. In our
case, the new-onset of TBS was caused by
acute brainstem infarction involving midbrain
and pontine lesions. While RVLM and NTS in
the medulla play a crucial role in cardiovascular
regulation, they are not the sole region involv-
ed. Other regions in the midbrain and pontine
areas (e.g., periaqueductal grey matter of the
mesencephalon and Kdolliker-Fuse region of the
lateral pons), as well as the parasympathetic
and sympathetic branches of the autonomic
nervous system, also contributes to cardiac
regulation [13].

In addition to brainstem lesions, increased
intracranial pressure (ICP) can also cause
changes in the autonomic nervous system. The
cerebral edema caused by brainstem multifo-
cal lesions can displace and compress vital
brain tissue and cerebral vessels, affecting
cerebrospinal fluid circulation, and leading to
increased ICP. ICP serves as a determinant of
sympathetic activity, and it can modulate sym-
pathetic activity even at relatively low ICP lev-
els. ICP has also been suggested to play a role
in the vagus nerve’s function affecting sympa-
thetic and parasympathetic nerve fibers. High
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ICP triggered an increased vagal discharge to
the heart leading to sinus cycle abnormalities.
Makhaly et al. proposed that SSS featuring
multiple intermittent sinus pauses was attrib-
uted to elevated ICP due to tumor-induced
mass effect in the corpus callosum and pon-
tine area [14]. In our case, the tachycardia-bra-
dycardia phenomenon exhibited self-limiting
characteristics and showed rapid improvement.
This could be attributed to the prompt resolu-
tion of edema around the lesion or the rapid
reestablishment of the central autonomic regu-
latory mechanism.

Hence, it is postulated that local compression
of the rostral pontine and midbrain infarcts or
an increase in ICP due to multifocal lesions
could cause significant dysfunction in the car-
diovascular regulatory system. This dysfunction
involves both the sympathetic and parasympa-
thetic divisions of the autonomic nervous sys-
tem, ultimately resulting in the manifestation of
TBS.

Conclusion

In conclusion, we have highlighted the occur-
rence of alternating tachycardia and bradycar-
dia as a new onset arrhythmia that can mani-
fest during the acute phase of non-medullary
brainstem infarcts. Further research into brain-
stem lesions contributing to TBS is warranted
to elucidate the underlying mechanisms.
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