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Paroxysmal sympathetic hyperactivity in
neurological critical care

Abstract
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Introduction: Paroxysmal sympathetic hyperactivity (PSH) is a clinical disorder mainly
caused by traumatic brain injury, stroke, encephalitis and other types of brain injury. The
clinical features are episodes of hypertension, tachycardia, tachypnea, fever and dystonic
postures. In this study, we described clinical profile and outcome of six patients of PSH
admitted in neurocritical care unit. Materials and Methods: This was a prospective
observational study conducted at neurology critical care unit of a tertiary care center. All
patients admitted at neurology critical unit during 6-month period from August 2013 to
January 2014 were screened for the occurrence of PSH.The clinical details and outcome
was documented. Results: PSH was observed in 6 patients. Male to female ratio was
5:1. Mean age ± SD was 36.67 ± 15.19 years. The leading causes were traumatic brain
injury (two patients), stroke (two patients) and Japanese encephalitis (JE) (one patient)
and tuberculous meningitis (one patient). Conclusion: PSH is an unusual complication
in neurocritical care. It prolonged the hospitalization and hampers recovery. The other
life-threatening conditions that mimic PSH should be excluded. The association with JE
and tuberculous meningitis was not previously described in literature.
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Introduction
Paroxysmal sympathetic hyperactivity (PSH) is a
complication of severe brain injury which is characterized
by episodes of hypertension, tachycardia, tachypnea,
diaphoresis, fever and dystonic posturing.[1] The first
case of PSH was reported by Penfield in 1929, he
gave the term diencephalic autonomic epilepsy to
describe this condition.[2] Since then various terms like
paroxysmal sympathetic storms, diencephalic seizures,
or midbrain dysregulatory syndrome and paroxysmal
autonomic instability with dystonia (PAID) have been
used to describe this condition.[3] PSH is an important
clinical entity because it leads to poor outcome, and
it represents a significant additional burden on health
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care system. [4] PSH can mimic other common and
life-threatening conditions, and early diagnosis can lead
to the rational approach to management.[3] Traumatic
brain injury, cerebral hypoxia and cerebrovascular
accidents are amongst the most common conditions
leading to PSH. [4] Despite the important impact of
this condition the literature on this syndrome is still
debatable, with no consensus regarding nomenclature,
diagnosis and evidence-based management of PSH.[4]
Therefore, we conducted this study on patients admitted
in neurology critical care unit with the aim to determine
the frequency, etiology, clinical features, and outcome of
PSH patients admitted in our referral center.

Materials and Methods
This was a prospective observational study conducted
at neurology critical care unit of a tertiary care center.
All patients admitted at neurology critical unit during
6 months period from August 2013 to January 2014 were
screened for the occurrence of PSH.
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Paroxysmal sympathetic hyperactivity was diagnosed
on the basis of diagnostic criteria proposed by Blackman
et al.[3] This proposed criteria defines PSH or PAID in the
clinical setting of traumatic brain injury. The signs of PAID
syndrome include: (1) Severe brain injury (Rancho Los
Amigos level IV), (2) temperature of at least 38.5°C, (3) pulse
of at least 130 beats/min, (4) respiratory rate of at least
140 breaths/min, (5) agitation, (6) diaphoresis, and (7)
dystonia (i.e. rigidity or decerebrate posturing). The
duration is at least 1 cycle/day for at least 3 days. Finally,
other related conditions must be ruled out.[3]
Other clinical disorders mimicking PSH like neuroleptic
malignant syndrome, malignant hyperthermia,
pheochromocytoma, hyperthyroidism, sepsis and
other infections were ruled out clinically and by specific
investigations like creatine phosphokinase (CPK), urine
for myoglobin, septic screen, thyroid profile etc.
All patients suspected of having PSH underwent
detailed clinical history and examination, including
continuous heart rate and electrocardiogram monitoring,
noninvasive blood pressure (BP) monitoring and
temperature monitoring frequently. These patients were
also subjected to routine hematological and biochemical
investigations along with septic screen (blood, urine,
tracheal aspirate and sputum culture) chest X-ray, CPK,
urine for myoglobin and thyroid profile.
Patients developing PSH were managed using
adequate hydration, morphine sulfate, propranolol and
clonidine.

Statistical analysis
Categorical variables will be expressed as percentages;
continuous variables will be expressed as mean ± standard
deviation.
Observation
During the study period of 6 months, a total of
57 patients were admitted to neurology critical care unit,
PSH developed in only 6 of these patients, therefore
incidence of PSH in these 6 months in our setup was
10.53%.
The baseline characteristics of these 6 patients are given
in Table 1.

Case 1
A 35-year-old male was admitted to our center
after sustaining a head injury during a road traffic
accident (RTA). At presentation, his vitals were stable,

Glasgow Coma Scale (GCS) was E2M4V2. Computed
tomography (CT) scan (Cranium) was suggestive of
multiple hemorrhagic contusions. Patient was managed
conservatively, he was doing well and recovering but
on 8th day of admission he developed episodes of fever,
tachycardia and hypertension along with dystonic
posturing, each episode lasted for a few minutes and
there were several such episodes per day, details of
such episodes are summarized in Table 2. Patient was
diagnosed to be suffering from PSH after ruling out other
conditions mimicking PSH as described above. He was
treated using propranolol 40 mg thrice a day, clonidine
0.1 mg thrice a day. The frequency of these episodes
reduced markedly on this treatment after several days,
and these episodes stopped after 1 week.

Case 2
A 62-year-old female who was admitted with
complaints of sudden onset unconsciousness and
weakness of the right side of the body. At presentation,
her BP was 220/130, GCS was E3M5V1, right hemiparesis
was present and right plantar was extensor. Noncontrast
CT scan of the head was suggestive of left thalamic bleed.
Patient was given injection labetalol 20 mg intravenous
to control the BP; she was managed conservatively
using cerebral decongestants and physiotherapy. Her
condition showed improvement and on 9 th day of
admission she was fully conscious, although weakness of
her right upper and lower limb persisted. She was about
to discharge, when she developed episodes of fever,
tachycardia, diaphoresis and hypertension along with
dystonic posturing. These episodes were diagnosed as
PSH after exclusion of other closely related conditions.
A repeat CT scan of the brain was repeated, which
was not suggestive of any other abnormality apart
from resolving thalamic hematoma. Her episodes also
responded well to propranolol and clonidine. Details of
her PSH episodes are described in Table 2.
Case 3
A 17-year-old male who was admitted with fever, altered
sensorium and seizures. He was diagnosed to be having
Japanese encephalitis (JE) as his cerebrospinal fluid (CSF)
was positive for JE antibodies and magnetic resonance
imaging (MRI) brain was showing bilateral thalamic
hyperintensities. He was managed conservatively and
was showing gradual improvement when on 18th day of
admission he started to develop episodes of PSH. He was
treated using propranolol and clonidine, but his episodes
did not stopped completely so gabapentin 600 mg/day
was added, after few days of adding gabapentin his
episodes stopped.
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Table 1: Baseline characteristics of PSH patients
Variable

Value (%)

Mean age±SD
Sex

36.67±15.19 years
5 males (83.33)
1 female (16.67)

Etiology leading to PSH
Traumatic brain injury
Ischemic stroke
Hemorrhagic stroke
Tuberculous meningitis
Japanese encephalitis
Mean time interval between
admission and development of PSH

2/6 (33.33)
1/6 (16.67)
1/6 (16.67)
1/6 (16.67)
1/6 (16.67)
11.33±3.56 days

PSH: Paroxysmal sympathetic hyperactivity; SD: Standard deviation

Table 2: Details of PSH episodes
Patients BP (mmHg)

HR/min RR/min Temperature Dystonic
(°F)
posturing

1

140-177

37-52

101-103

147-170

40-60

101.6-104

152-187

37-52

100.7-103.2

150-180

45-52

102-103.7

154-172

44-50

101.6-104

147-167

47-55

101-102

2
3
4
5
6

SBP=195-222
DBP=110-120
SBP=176-210
DBP=102-124
SBP=177-224
DBP=97-117
SBP=157-220
DBP=120-137
SBP=160-197
DBP=110-130
SBP=177-230
DBP=90-132

Neck and all
four limbs
Neck
Agitation
Neck and all
four limbs
Neck

Discussion
Penfield was the first to describe PSH in the year
1929, he hypothesized that these episodes are caused by
epileptiform discharges in thalamic nuclei irritated by
increased intracranial pressure; therefore he called the
condition as “diencephalic autonomic seizures.”[5] Since then
this condition have been given various terms by various
authors; 31different terms were found in the literature to
describe this condition.[4] PSH was the term introduced by
Rabinstein in 2007,[6] since then this term is being considered
most clinically accurate.[4] We have also used the term PSH
through this article to describe this condition.
The pathophysiology of PSH is still unclear and a matter
of debate. Most authors have invoked a disconnection
theory; according to this theory brainstem excitatory
centers are released from higher control leading to a
hyper sympathetic state.[7]

Absent

PSH: Paroxysmal sympathetic hyperactivity; SBP: Systolic blood pressure;
DBP: Diastolic blood pressure; BP: Blood pressure; HR: Heart rate; RR: Relative risk

Case 4
A 42-year-old male was diagnosed as a case of acute
ischemic stroke with infarct in right middle cerebral
artery territory, he presented to us with left hemiparesis.
He was being managed using aspirin 150 mg/day
and atorvastatin 20 mg/day and other conservative
measures. His hospital course was uneventful till day
10 when he started to develop episodes of PSH. He also
responded well to propranolol and clonidine.
Case 5
A 37-year-old male, who sustained head injury
following RTA; he was admitted with GCS of E1M4V1.
He developed episodes of PSH on 12th day of admission.
He responded poorly to propranolol and clonidine, but
on adding gabapentin 600 mg/day his episodes subsided
within a few days.
Case 6
A 27-year-old male presented to us with fever, headache
and altered sensorium. He was diagnosed as a case of
tuberculous meningitis on the basis of CSF findings,
and MRI brain revealed meningeal enhancement, basal
exudates and communicating hydrocephalous. He was
being treated with antitubercular drugs and steroids;
36

he developed PSH episodes on 11th day of admission,
his episodes responded to morphine 15 mg thrice daily,
clonidine 0.1 mg thrice daily and propranolol 80 mg
twice daily.

The exact incidence of occurrence of PSH is also variable,
various studies have reported estimated incidence of PSH
following traumatic brain injury from 7.7% to 33%.[4,6,8,9]
Dolce et al. found that 1/3 of their severe traumatic brain
injury patients developed PSH.[10] We found the incidence
of PSH in our set up as 10.53% that lies within the range
of previously reported incidence.
Traumatic brain injury is the most commonly reported
etiology of PSH.[4,6] Second most commonly reported
etiology is hypoxia. [4] Third most etiology usually
reported in PSH patients is stroke.[4] We also found that
most common etiology leading to PSH was traumatic brain
injury (33.33%), we found PSH in one case of hemorrhagic
stroke and in one case of ischemic stroke. We also found
occurrence of PSH in one case of tuberculous meningitis
and in one case of JE; this was an interesting finding as
PSH had been very rarely reported in association with
tuberculous meningitis previously.[11] We could not find
any previous report of the occurrence of PSH following JE.
As per the review of Perkes et al. in 2010 PSH was found
in males more commonly than females.[4] We also found
a higher percentage of males (83.33%) developing PSH.
Mean age of our patients developing PSH was
36.67 ± 15.19 years. Previous studies have also reported
occurrence of PSH commonly in younger individuals.[4]
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Perkes et al. in their review reported mean age of PSH
cases as 24.2 ± 11.8 years.[4]
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