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Abstract 

Background Paroxysmal sympathetic hyperactivity (PSH) is the result of dysregulated autonomic function with 
sympathetic symptoms characterised by increased heart rate, respiratory rate, blood pressure and temperature with 
abnormal posture, which predominately occur periodically but can be persistent in severe cases. Common causes 
that present in similar fashion such as infectious process (bacteremia, meningitis, etc.); non-PSH neurological deterio-
ration (increased intracranial pressure, intracranial haemorrhage, intracranial oedema, seizures, encephalitis); pulmo-
nary embolism; thyrotoxicosis, alcohol or drug withdrawal; neuroleptic malignant syndrome; serotonin syndrome; and 
malignant hyperthermia need to be excluded before diagnosing PSH. The earlier the diagnosis made, the better the 
prognosis.

Case presentation We report a case of a 3-year-old male child who was a diagnosed case of Tetralogy of Fallot 
presented with left focal seizure with secondary generalisation. Child also had respiratory complaints prior to convul-
sion. He had developed signs of raised intracranial pressure. Blood culture sent to rule out infective endocarditis was 
negative. CT brain showed bilateral diffuse cortical infarct. Child developed signs and symptoms of PSH such as fever, 
tachycardia, tachypnoea, hypertension, diaphoresis, dystonia and bilateral completely dilated pupils. Other common 
causes such as infective endocarditis, increased intracranial pressure, intracranial oedema, intracranial haemorrhage, 
seizure, encephalitis and infectious processes (bacteremia, meningitis and infective endocarditis) were ruled out. The 
diagnosis of PSH was made and started on propranolol along with clonidine. Child responded well to the treatment.

Conclusion The complex pathophysiology of PSH warrants extensive work-up to rule out other common causes. The 
outcome of our patient shows the importance of early diagnosis and multidisciplinary treatment for better outcome.
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Background
Paroxysmal sympathetic hyperactivity (PSH) is a rare 
acquired clinical syndrome characterised by auto-
nomic symptoms such as tachycardia, hypertension, 
diaphoresis, posturing and tachypnoea. It can be due 

to varied causes resulting in diffuse brain injury. It is 
mainly diagnosed by excluding other causes such as 
infectious process (bacteremia, meningitis, etc.); non-
PSH neurological deterioration (increased intracra-
nial pressure, intracranial haemorrhage, intracranial 
oedema, seizures, encephalitis); pulmonary embolism; 
thyrotoxicosis; alcohol or drug withdrawal; neuro-
leptic malignant syndrome; serotonin syndrome; and 
malignant hyperthermia (Table 1). PSH is well known 
in adult age group and least reported in paediatric 
age group because of lower incidence, lack of aware-
ness of the condition, lower incidence of CNS strokes, 

*Correspondence:
Praveen Unki
praveenu3@gmail.com
1 Department of Paediatrics, Topiwala National Medical College, 
Mumbai 400008, India

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43054-023-00184-9&domain=pdf
http://orcid.org/0000-0002-0223-0622


Page 2 of 5Jomalkar et al. Egyptian Pediatric Association Gazette           (2023) 71:35 

physiological tachycardia and infections masking the 
manifestations. PSH was first described by Penfield 
in 1929. Various terminologies like diencephalic sei-
zures, paroxysmal autonomic instability with dysto-
nia (PAID) and paroxysmal sympathetic storms were 
used to describe the events. Most common causes of 
PSH are traumatic brain injury, stroke and hypoxic 

brain injury. The diagnosis of PSH is made by high 
index of suspicion by using paroxysmal sympathetic 
hyperactivity-assessment measure (PSH-AM) (Table 2) 
after thorough evaluation to rule out common causes 
(Table  1) [1]. Recently, few cases have been reported 
after traumatic brain injury in paediatric age group. 
Treatment is mainly aimed to control symptoms of 
excessive sympathetic activity and to prevent damage 
to peripheral nervous system. Delayed diagnosis may 
result in unnecessary investigations, prolong mechani-
cal ventilation and hospital stay [2]. If left untreated, 
patient may develop secondary brain injury from 
hyperthermia and hypertension and eventually may 
lead to brain damage and even death [3, 4]. The exact 
pathogenesis of PSH is unknown until date. How-
ever, one of the proposed mechanisms include lack 
of parasympathetic inhibition because of extensive 
brain injury and possible damage to Edinger-Westphal 
nucleus leading to uninhibited action of sympathetic 
nervous system. We report a case of cerebral infarct 
presenting with PSH.

Table 1 Alternative diagnosis: excluded before diagnosing PSH

Including but not limited to the following:

•Infectious process (bacteremia, meningitis, etc.)

•Non-PSH neurological deterioration (increased ICP, intracranial haemor-
rhage, intracranial oedema, seizures, encephalitis)

•Pulmonary embolism

•Thyrotoxicosis

•Alcohol or drug withdrawal

•Neuroleptic malignant syndrome

•Serotonin syndrome

•Malignant hyperthermia

Table 2 Paroxysmal sympathetic hyperactivity-assessment measure (PSH-AM)

PSH-AM CFS subtotal + DLT subtotal.  < 8 - PSH unlikely. 8–16 - PSH possible, > 16 - PSH probable

Clinical feature criteria (CFS)

0 1 2 3

Heart rate 1–4 years: < 100 1–4 years: 110–124 1–4 years: 125–139 1–4 years: ≥ 140

5–15 years: < 100 5–15 years:110–119 5–15 years: 120–139 5–15 years: ≥ 140

16 + years: < 100 16 + years: 110–119 16 + years: 120–139 16 + years: ≥ 140

Respiratory rate 1–4 years: < 30 1–4 years: 30–34 1–4 years: 35–39 1–4 years: ≥ 40

5–15 years: < 25 5–15 years: 25–29 5–15 years: 30–34 5–15 years: ≥ 35

16 + years: < 18 16 + years: 18–23 16 + years: 24–29 16 + years: ≥ 30

Systolic blood pressure 1–4 years: < 100 1–4 years: 100–109 1–4 years: 110–119 1–4 years: ≥ 120

5–15 years: < 120 5–15 years: 120–129 5–15 years: 130–139 5–15 years: ≥ 140

16 + years: < 140 16 + years: 140–159 16 + years: 160–179 16 + years: ≥ 180

Temperature  < 37 °C 37–37.9 °C 38–38.9 °C  ≥ 39 °C

Diaphoresis Normal Mild — moist skin Moderate — beads of sweet Severe — profuse sweeting

Posturing during episodes Absent Mild — tone is easily overcome Moderate — tone hard to over-
come

Severe — inescapable hypertonia

Diagnosis likelihood tool (DLT): one point per following feature:

1) Antecedent-acquired brain injury

2) Clinical features occur simultaneously

3) Episodes are paroxysmal in nature

4) Sympathetic over-reactivity to normally non-noxious stimuli

5) The absence of parasympathetic features during episodes

6) Features persist for > 3 consecutive days

7) Features persist for > 2 weeks post brain injury

8) Two or more episodes daily

9) The absence of other presumed causes of features

10) Features persist despite treatment of alternative differential diagnoses

11) Medication administered to decrease sympathetic features
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Case presentation
A 3-year-old baby boy with diagnosed Tetralogy of Fal-
lot (TOF) presented with left focal seizure with second-
ary generalisation with loss of consciousness. Child had 
fever, cough and respiratory distress prior to admis-
sion. Child had history of cyanotic spells noticed from 
6 months of age. Cyanosis did not worsen with age and 
did not seek treatment for TOF. There is no history of 
recurrent respiratory tract infection and similar com-
plaints in the past. Child’s height, weight and weight for 
height were within normal range. Chest X-ray revealed 
boot-shaped heart, and child was started on antibiotics 
after collecting 3 site blood cultures for suspected infec-
tive endocarditis (Fig.  1). 2D echo was consistent with 
TOF, and there was no evidence suggestive of infective 
endocarditis or thrombus. Child’s sensorium did not 
improve after convulsion and developed signs of raised 
intracranial pressure (ICP). Noticing the pattern of pres-
entation and history of cyanotic heart disease, stroke was 
suspected. CT brain was suggestive of bilateral massive 
cortical infarct, right more involved than left (Fig.  2). 
Child was treated for raised ICP. Child responded to 
treatment and developed fever on the 16th day of illness. 
Child was investigated to look for causes of fever. Investi-
gations revealed normal total leukocyte counts (6400/µl), 
CRP (0.1 mg/dl), negative 3 site blood cultures and urine 
culture, normal cerebrospinal fluid (CSF) study (no cells, 
proteins — 10 mg/dl, glucose — 73 mg/dl) and negative 
CSF culture. He also had bilateral completely dilated 
pupil but reacting to light (Fig. 3). Child had fever, tachy-
cardia, neurogenic breathing, tachypnoea, hypertension, 

diaphoresis and dystonia. All the above-mentioned 
signs were periodic in nature and occurred three or 
four times daily. Repeat investigations to rule out sepsis 
and infective endocarditis were negative. Rare possible 
diagnosis of sympathetic hyperactivity was suspected. 
Electroencephalogram (EEG) suggested excessive beta 
activity which can be secondary to hyperstimulation and 
increased pain perception due to PSH. Child was moni-
tored for the clinical features, and trial of propranolol 

Fig. 1 Chest X-ray showing boot-shaped heart

Fig. 2 CT brain showing bilateral cortical infarct

Fig. 3 Dilated pupil secondary to sympathetic hyperactivity
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and clonidine was given. Fever intensity and tachycardia 
decreased and eventually normalised after increasing 
the dose of medications. Dystonia responded to cloni-
dine and baclofen. Child eventually got discharged and 
planned surgical correction in near future.

Discussion
PSH manifests with fever, tachycardia, tachypnoea, 
hypertension, diaphoresis and dystonia after an acquired 
brain injury. PSH-AM score was 26 in our patient as 
described in Table 3. He had probable PSH as per crite-
ria. We had ruled out all other possible causes (Table 1) 
presented in similar way (normal thyroid function). PSH 
is more commonly noticed in younger adults after brain 
injury [5]. PSH is an important clinical problem as case–
control studies have shown that the occurrence of PSH 
leads to poor outcome and prolonged length of hospital 
stay [6]. In paediatric age group, cases have been pub-
lished mentioning PSH after traumatic brain injury. 
Traumatic brain injury is the leading cause of PSH 
accounting for nearly 79% of PSH cases [2, 5]. Other 

known causes include stroke, hypoxic ischemic encepha-
lopathy, hypoglycaemic brain injury, central nervous sys-
tem infections, hydrocephalus and brain tumours [5]. If 
diagnosed early and treated appropriately, it may take 
weeks to several months to recover. Our patient devel-
oped signs of raised ICP developed after massive cer-
ebral infarct. Child was diagnosed to have PSH during 
the 3rd week after acute event after ruling out other pos-
sible causes such as sepsis, infective endocarditis, neuro 
infection and convulsion. Trial of propranolol and clo-
nidine was given, and child responded to the treatment 
which confirmed our diagnosis. While exact mechanism 
is not known, another proposed mechanism is that unin-
hibited action of sympathetic nervous system. Third pro-
posed mechanism is excitatory-inhibitory ratio model 
which states that disconnection of descending inhibition 
produces maladaptive dendritic arborization and spinal 
circuit excitation. Sympathetic hyperexcitation causes 
excessive catecholamine release, manifesting as PSH [7]. 
The same elevated levels of catecholamine are seen in 
blood as well [8]. This complex mechanism may require 
combination of drugs. Most commonly used drugs 
include propranolol and clonidine. However, opioid, 
gabapentin and benzodiazepines are also equally effec-
tive. The treatment mainly focusses on symptom abor-
tion, prevention of symptoms and refractory treatment. 
In our patient, we have started with low doses of pro-
pranolol and clonidine, and levels increased to get good 
response. Tachycardia, tachypnoea and hypertension 
responded to the treatment. However, patient required 
treatment with gabapentin and levodopa to abort dys-
tonia. Simultaneous care was taken to avoid malnutri-
tion and cyanotic spells. Definitive surgical intervention 
planned on follow-up for TOF.

Conclusion
PSH is less known entity in paediatric age group, and 
wide awareness among paediatrician is required as most 
of the cases goes unnoticed. Diffuse traumatic brain 
injury is well-known entity to cause PSH and needs fur-
ther data to support other conditions causing PSH. Early 
suspicion, diagnosis and appropriate intervention may 
alter the course of the disease and decrease mortality. 
Multidisciplinary approach may significantly alter the 
course of illness and final outcome.
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Table 3 Paroxysmal sympathetic hyperactivity-assessment 
measure (PSH-AM) score in our patient

PSH-AM CFS subtotal + DLT subtotal. PSH-AM 15 + 11 = 26. Total PSH-AM score in 
our patient, 26 (PSH probable)

Clinical feature criteria (CFS)
Score

 Heart rate 3

 Respiratory rate 3

 Systolic blood pressure 2

 Temperature 2

 Diaphoresis 3

 Posturing during episodes 2

 Clinical feature criteria total score 15

Diagnosis likelihood tool (DLT)
 One point per feature presents the following: Score

  1) Antecedent-acquired brain injury 1

  2) Clinical features occur simultaneously 1

  3) Episodes are paroxysmal in nature 1

  4) Sympathetic over-reactivity to normally non-noxious 
stimuli

1

  5) The absence of parasympathetic features during epi-
sodes

1

  6) Features persist for > 3 consecutive days 1

  7) Features persist for > 2 weeks post brain injury 1

  8) Two or more episodes daily 1

  9)The absence of other presumed causes of features 1

  10) Features persist despite treatment of alternative dif-
ferential diagnoses

1

  11) Medication administered to decrease sympathetic 
features

1

 Diagnostic likelihood tool total score 11
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