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Case Report
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Paroxysmal sympathetic storming (PSS) is a rare disorder characterized by acute onset of nonstimulated tachycardia, hypertension,
tachypnea, hyperthermia, external posturing, and diaphoresis. It is most frequently associated with severe traumatic brain injuries
and has been reported in intracranial tumors, hydrocephalous, severe hypoxic brain injury, and intracerebral hemorrhage. Although
excessive release of catecholamine and therefore increased sympathetic activities have been reported in subarachnoid hemorrhage
(SAH), there is no descriptive report of PSS primarily caused by spontaneous SAH up to date. Here, we report a case of prolonged
PSS in a patient with spontaneous subarachnoid hemorrhage and consequent vasospasm. The sympathetic storming started
shortly after patient was rewarmed from hypothermia protocol and symptoms responded to Labetalol, but intermittent recurrence
did not resolve until 3 weeks later with treatment involving Midazolam, Fentanyl, Dexmedetomidine, Propofol, Bromocriptine,
and minimizing frequency of neurological and vital checks. In conclusion, prolonged sympathetic storming can also be caused
by spontaneous SAH. In this case, vasospasm might be a precipitating factor. Paralytics and hypothermia could mask the
manifestations of PSS. The treatment of the refractory case will need both timely adjustment of medications and minimization
of exogenous stressors or stimuli.

1. Introduction

Paroxysmal sympathetic storming, also known as paroxys-
mal autonomic instability with dystonia [1] and diencephalic
seizures [2], has been defined as the presence of tachycardia,
hypertension, tachypnea, hyperthermia, dystonia, posturing,
and diaphoresis with aminimumof 1 cycle per day in a patient
with severe brain injury or other equivalent conditions [1].

The pathophysiology of sympathetic storming has been
refined since it was originally described in 1929, and it was
initially thought to be resulted from epileptic discharges from
thalamic nuclei [3]. However, based on EEG studies [4] and
the current model, it is recognized that the interruption of
autonomic pathways results in an imbalance between sympa-
thetic and parasympathetic nervous systems, which leads to

PSS [2]. There is no clear pattern of injury that increases the
likelihood of sympathetic hyperactivity. However, it is more
common in patients with diffuse axonal injury [2, 5].

Sympathetic storming occurs most frequently in patients
with traumatic brain injury [6–9]. However, this unique phe-
nomenon has also been associated with hypoxic injury [5],
brain tumors [2, 10], and hydrocephalous [2, 11]. Although
excessive release of catecholamine and increased sympathetic
activities resulting in cardiac and pulmonary manifestations
have been well reported in subarachnoid hemorrhage [12–
14], for example, myocardial infarction and hypertension,
there was no report with specific description of paroxys-
mal sympathetic storming in spontaneous SAH found after
extensive literature search. Here, we report a case in which
a patient developed prolonged sympathetic storming after
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Figure 1: Imaging studies showing spontaneous subarachnoid hemorrhage. (a) CT head without contrast showed subarachnoid hemorrhage
with intraventricular involvement. (b)CT angiogramof brain demonstrated a 4-5mmsaccular left posterior communicating artery aneurysm.

a spontaneous subarachnoid hemorrhage secondary to a
posterior communicating aneurysm rupture. The prevention
and management of PSS in this setting is also discussed.

2. Case Report

A 27-year-old Hispanic man with no known medical history
arrived to the hospital via EMS after complaining of a
headache one day prior to arrival. He had lost his con-
sciousness and collapsed before being intubated and admitted
to ICU. A CT head without contrast showed a subarach-
noid hemorrhage and a CT angiogram of brain demon-
strated a 4-5mm saccular left posterior communicating
artery aneurysm (Figure 1). An urgent ventriculostomy was
performed as well as craniotomy with posterior aneurysmal
clipping. Despite Nimodipine for vasospasm prevention, the
patient developed episodes of vessel spasms and increased
intracranial pressure (ICP). Due to these complications, the
patient was placed on a hypothermic protocol with paralytics.
Mannitol and 3% sodium chloride were started for ICP

elevation. Levetiracetam was added for seizure prophylaxis.
After his ICP was normalized, the patient was weaned off
all paralytics and rewarmed from the hypothermia proto-
col on day 16 of hospitalization. Overnight on day 16 of
hospitalization, however, the patient developed acute onset
of episodic tachycardia up to 200, hypertension with SBP
up to 220, increased respiratory rate into the mid 30s, and
hyperthermia with a temperature of 101 F. Meanwhile, he
had severe diaphoresis, tremor, and spontaneous extensor
posturing. All of this occurred with a normal ICP and no
change in gag reflex or pupil size. The clinical episodes were
consistentwith sympathetic storming.Hewas given Labetalol
IV 10mg twice, and his tachycardia, hypertension, posturing,
and tremor quickly resolved within several minutes while his
hyperthermia and diaphoresis improved gradually.This rapid
response to Labetalol treatment confirmed a diagnosis of
sympathetic storm.Therewas no evidence indicating possible
acute onset infection, hyperthyroidism, pheochromocytoma,
or hypercortisolism. Despite this initial treatment, similar
episodes recurred with frequency of 3–6 episodes/day with
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Figure 2:The evolvement of vital sign changes during patient’s hos-
pitalization. The extent of changes in heart rate/pulse, temperature,
respiratory rate, and systolic blood pressure during PSS episodes is
shown throughout hospital course.

duration range from 30 minutes to 2 hours, each episode
was accompanied by significant changes of vital signs in
cycles (Figure 2). In addition to Labetalol and Bromocriptine
as needed, Dexmedetomidine, Fentanyl, and Midazolam
were also used in an attempt to control these symptoms.
However, the patient continued to exhibit episodic storming
symptoms during his ICU stay and a tracheostomy and
PEG tube had to be placed. He was subsequently started
on scheduled Propranolol 10mg BID and Bromocriptine
5mg TID in addition to Labetalol as needed before being
transferred to the intermediate care unit with less frequent
interruption/stimuli by neurologic and vital checks.

His symptoms subsequently improved and the relapses
of PSS steadily dissipated (Figure 2). His storming symp-
toms completely resolved on day 46 of his hospitalization.
Although not fully oriented, the patient resumed normal
spontaneous movement of extremity and eye opening with
the ability of simple command following. His Bromocriptine
and Propranolol were then switched to PRN and later
discontinued. He was then discharged to nursing facility with
24-hour care.

3. Discussion

Although the general clinical presentation of paroxysmal
sympathetic storming has been well recognized for nearly
a century [3], the syndrome has not been described in a

nontraumatic subarachnoid hemorrhage. Most well recog-
nized cases of sympathetic storming have been identified in
patientswhohave suffered traumatic brain injury [6–9], brain
tumors [2, 10], aqueductal stenosis [15], or cardiac arrest [16].
Subarachnoid hemorrhage is associated with significant cate-
cholamine elevation and marked sympathetic activation [17,
18], which has been linked to cardiopulmonary complication
other than PSS [12–14, 19, 20], such as neurogenic stress car-
diomyopathy, arrhythmias, neurogenic pulmonary edema,
and neurogenic myocardial injury [21–24]. While numerous
studies have described the above conditions in SAH, in our
extensive electronic literature search for English-language
articles on neurological and cardiopulmonary complications
of SAH up to date, no original article was found reporting
the direct association of paroxysmal sympathetic storming
(or its alias) with spontaneous SAH. This paper presents
the description of PSS caused by spontaneous SAH with
a prolonged hospital course that involved comprehensive
management of this syndrome.

It is essential to distinguish PSS from sympathetic
activation-induced cardiopulmonary effects, as their man-
ifestation, mechanism, and treatment are different. While
hypertension and cardiac injury are relative common compli-
cations of SAHand are a result of catecholamine elevation [19,
21–24], PSS is rare and manifested as episodic tachycardia,
hypertension, tachypnea, hyperthermia, dystonia, posturing,
and diaphoresis in cycles. Instead of simple sympathetic
activation, PSS is thought to be caused by the imbalance
between sympathetic and parasympathetic nervous systems
[2]. The mechanism contributing to its paroxysmal nature is
not clear although certain external noxious stimuli may act
as triggering factors. As in this case, the initial vasospasm
and transiently increased ICP may be triggering factor and
the signs of PSS might have been masked by hypothermia
initially as storming symptoms started right after rewarming,
days after his ICP was normalized. In this case, although
PSS symptomspromptly responded to nonselective𝛽-blocker
Labetalol upon onset, the episodic relapses did not dissipate
till scheduled Propranolol and Bromocriptine were started
in addition to sedative agents and the external stimuli
including vital and neurologic checks were minimized to
medical necessity. Therefore, we think that the scheduled
Bromocriptine and Propranolol are much more effective in
inducing complete resolution of PSS symptoms.

This patient’s sympathetic storming did not start until he
was weaned from the hypothermia protocol, this frequent
association between PSS and rewarming as well as weaning
of sedatives and paralytics has been well reported [16].
This raised question for potential prophylaxis of PSS in
these high-risk patients with medication that has minimal
effect on hemodynamics such as scheduled Bromocriptine.
The potential prevention of PSS in critically ill patients
may significantly reduce related complications, increase their
survival, and shorten their ICU stay.

In conclusion, we report a case of prolonged paroxysmal
sympathetic storming as a rare complication of spontaneous
SAH, which is related to, but distinct from, commonly
reported sympathetic activation secondary to SAH. The
signs and symptoms of PSS may be precipitated by external
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stimuli and stressors, but can be masked by paralytics and
hypothermia. The treatment of the refractory case will need
both timely adjustment of antisympathetic medications and
minimization of exogenous stressors/stimuli. Future studies
are needed to determine the benefit of PSS prophylaxis with
scheduled Bromocriptine or low-dose nonselective𝛽-blocker
in high-risk patients.
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