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Introduction

Paroxysmal sympathetic hyperactivity (PSH) is a 

syndrome first identified in 1954 and characterized 

by episodes of sympathetic discharges, after an 

acute brain injury either traumatic or non-traumatic 

(1-4). During this sympathetic discharge episodes; 

tachycardia, transient fever (hyperthermia), arterial 

hypertension, tachypnea, diaphoresis, dystonia and 

posturing (extensor or flexor) may occur spontaneously 

or after a non-painful stimulus (such as endo-tracheal 

tube suctioning or passive body positioning) (1,3). PSH 

is frequently seen in critically ill patients on intensive 

care units (ICU), with acquired brain injury including 

traumatic brain injury (80%), hypoxic- ischemic 

encephalopathy (10%), autoimmune encephalitis 

associated with N-methyl-D-aspartate receptor 

antibodies, stroke (mainly hemorrhagic), tumors, 

cerebrovascular accidents, cerebral fat embolism and 

infectious diseases such as tuberculous meningitis 

and usually observed when the patient is started 

neurological rehabilitation (1-3,5-8).

PSH has been well known for many decades 

and recognizing this syndrome is very important 

due to its clinical burden such as longer stay 

in the ICU, infections, increased morbidity and 

lengthening of the rehabilitation process (1,9). Even 

though PSH is clinically very important; there were 

misunderstandings regarding the nomenclature, 

definition and the diagnostic criteria of this syndrome 

(1,9,10). Therefore, a committee came together in 2014 
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ABSTRACT

Paroxysmal sympathetic hyperactivity syndrome (PSH) is a rarely diagnosed syndrome associated with acute brain injury which 
involves traumatic brain injury, stroke, infectious diseases, and encephalopathy, and results in cyclic episodes of sympathetic and motor 
hyperactivity (hypertension, tachypnea, hyperthermia, diaphoresis, dystonic posturing). Even though there are some theories regarding the 
pathophysiology of PSH, the main mechanism still remains unclear. However, it is mostly agreed upon that PSH is caused by an unbalanced 
activation of the autonomic nervous system caused by the loss of inhibition of excitation in the sympathetic nervous system. Although PSH 
has been well known for many decades there were misunderstandings regarding the nomenclature and the definition of this syndrome. The 
term “Paroxysmal Sympathetic Hyperactivity and a diagnostic tool consisted of two different components and named PSH-Assessment 
Measure (PSH-AM),” was developed to help guiding clinical management in 2014. These components are the diagnostic likelihood tool 
and the clinical features scale. To diagnose this syndrome first other neurological issues should be ruled out. Once diagnosed in order to 
treat and avoid secondary brain damage and other adverse outcomes of this syndrome an approach of both pharmacological (such as 
opioids, B-blockers, alfa2 agonists, benzodiazepines, gabapentin and muscle relaxants) and nonpharmacological should be combined. 
Pharmacological approach focuses on symptom abortion, prevention and refractory treatment.
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in order to develop a definition and set the diagnostic 

criteria for the syndrome. So the term “Paroxysmal 

Sympathetic Hyperactivity” was developed to identify 

the clinical state seen after severe acquired brain 

injury of any cause, and resulted in simultaneous 

paroxysmal transient increases in sympathetic and 

motor activity (1,3,9,10). 

Epidemiology and Risk Factors of PSH

The worldwide yearly incidence of  traumatic 

brain injury (TBI) is 69 million cases (11). While the 

prevalence of PSH after non-traumatic brain injuries 

is only 6%; the prevalence of PSH is shown to be 

between 7,7%- 33% of patients after severe traumatic 

brain injury, although the real incidence is thought to 

be much higher (2,4-6,10). Some of the risk factors 

for PSH include; male gender, young age, early 

onset of hyperthermia, GCS score, tracheostomy, the 

degree of diffuse axonal injury, mid-brain and pontine 

lesions, the cause and the severity of the brain injury 

(mostly after traumatic brain injury(79,4%), hypoxic 

encephalopathy and stroke (3-5,12-14).

Pathophysiology of PSH

Basically PSH is thought to be caused by the 

imbalance of the autonomic nervous system (ANS) 

(4). After damage to the brain ANS activation leads to 

immediate inflammation and metabolic response. This 

response results in the core sympathetic symptoms 

of PSH if the parasympathetic mechanisms cannot 

compensate (6). However, the main pathophysiologic 

mechanisms behind PSH, even though there are some 

theories, still remains unclear. These theories are the 

disconnection theory, excitatory/inhibitory ratio (EIR) 

model, the neuroendocrine dysregulation theory and 

the neutrophil extracellular traps theory (2,12). 

Disconnection theory (Figure 1) supports a 

disconnection related to focal or diffuse brain damage, 

either anatomical or functional, between cortical 

inhibitory centers; which are the hippocampus, 

insular cortex, cingulate cortex, middle temporal 

cortex, amygdala, basal ganglia and the dorsolateral 

prefrontal cortex and the sympathetic centers which 

are; the hypothalamus, brain stem and mesencephalon 

(2,3,6,10,12). When there is a disconnection, losing the 

cortical inhibition results in an inflated sympathetic 

response to normally non-painful stimuli. However the 

problem with this model is that it does not explain the 

episodic nature of this syndrome (2). 

Excitatory/inhibitory ratio model (Figure 2) helps 

explain the hypersensitivity of the reactions and the 

episodic nature of PSH (5,12). This theory, being 

the mostly agreed upon, supports an unbalanced 

relationship between inhibitory (brainstem and 

diencephalon) and the excitatory (spinal cord) 

pathways. In first place we witness the loss of 

descending inhibition which leads to excitation of the 

spinal circuits against non-painful stimuli resulting 

in hyperactive sympathetic responses (2,6,10,12). 

Other mechanisms try to compensate for the loss of 

inhibitory control, but they contain partial recovery of 

the descending pathways, and an increase in gamma-

aminobutyric acid levels. Because these mechanisms 

are episodic in nature we can explain the paroxysmal 

characteristic of PSH (2). 

Figure 1. Schematic representation of disconnection theory
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Neuroendocrine dysregulation theory refers to a 

dysfunction in the hypothalamic–pituitary–adrenal 

(HPA) axis. PSH causes overactivation of HPA axis 

resulting in an uncontrolled adrenergic outflow which in 

turn leads to an increased amount of catecholamines in 

the circulation (2,3). During the sympathetic discharge 

episodes blood levels of epinephrine, norepinephrine, 

dopamine and adrenocorticotropic hormone (nearly 

40%) rises significantly, favoring the involvement of 

neuroendocrine system in the pathophysiology of 

PSH (2,12). 

Neutrophil extracellular traps (NETs) theory explains 

the infiltration of paraventricular nucleus with 

neutrophils after TBI. The release of NETs leads 

to microglial activation and interleukin 1 B release 

resulting in sympathetic activation and a change 

in neurotransmitter levels (15). Cerebral contusion, 

brain edema, cerebral ischemia may also result in the 

release of excitatory amino acids at a cellular level 

intensifying the development of PSH (12).

Diagnosing PSH

In order to diagnose PSH, like all other syndromes, 

first one must have a strong degree of suspicion. 

First step of diagnosing PSH is excluding all the 

other causes of the symptoms such as sepsis, 

pulmonary embolism, epilepsy or hypoxic brain 

(1,2,6,10). As mentioned above these findings of 

sympathetic hyperactivity episodes are tachycardia, 

hypertension, hyperthermia, sweating, tachypnea, 

posturing (2,5,6,9,10). Moreover some of the less 

frequent symptoms are mydriatic pupils, altered 

consciousness, bowel disorders, alterations in blood 

glucose levels, increased bronchial secretions 

and hypersalivation, desynchrony with mechanical 

ventilator, excitation and horripilation (2,5,6). The 

duration of these episodes may vary between minutes, 

hours, and in severe cases it may occur a few times 

in a day. They may even become continuous in 

refractory cases (4). Because these symptoms may 

overlap with other TBI related pathological outcomes 

such as; seizures, sepsis, embolism, neuroleptic 

malignant syndrome, central fever, traumatic pain, 

different brain injuries, sedation withdrawal, hypoxia, 

rhabdomyolysis, and dehydration diagnosing 

PSH is often delayed or misdiagnosed resulting in 

complications in the management of the case (1,3,4). 

There is also another entity resembling paroxysmal 

sympathetic hyperactivity in nomenclature and that 

is autonomic dysreflexia. Autonomic dysreflexia 

patients have episodes of hypertension  after a high 

spinal cord (above the level of thoracal 6 vertebra) 

injury, however they are usually bradycardic as a 

reflex response to hypertension, and they often have 

debilitating headaches; differentiating this syndrome 

from PSH (16-20).

Diagnosing PSH as early as possible has great 

importance because delayed recognition may 

result in unnecessary work-up and inappropriate 

use of medications may prolong hospitalization. 

Uncontrolled symptoms can lead to secondary brain 

injury caused by hypertension, hyperthermia and 

cardiac damage. It should also be kept in mind that 

Figure 2. Schematic representation of excitatory / inhibitory 
ratio theory
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these other pathologies may coexist and even trigger 

episodes of PSH (4).

Therefore the intensivist should keep the possibility of 

PSH in mind, especially when the patient is coming 

out of a coma or when the patient is weaned from 

sedatives (4,10).

Neuro-imaging techniques like computerized 

tomography (for acute phase) and magnetic resonance 

images (in stable patients) are helpful to identify the 

anatomical place and the morphological structure of 

the injury and as in a case report from the literature, 

they often show diffuse axonal injury (3,6,10,12,21). 

Aside from these techniques, dysconnectivity in 

white matter; especially on the right posterior internal 

capsule, corpus callosum and the splenium shown 

on diffusion tensor imagings are associated with the 

early stages of PSH (2).

Even though there is no specific biomarker for PSH 

a study by Fernandez et al showed that plasma 

catecholamine (and to a lesser extend adrenocortical 

hormone) levels increased during the episodes 

of PSH (22). Moreover another study showed that 

procalcitonin levels can be used to differentiate 

between infectious pathologies and PSH (23).

A diagnostic tool named Paroxysmal Sympathetic 

Hyperactivity - Assessment Measure which consisted 

of two different components, was developed in 

order to help guiding the clinical management 

and to standardize the diagnostic criteria. One of 

the components, referring to the possibility of the 

diagnosis, is a diagnosis likelihood tool (DLT) (Table 1) 

derived from 11 characteristics of this syndrome, and 

the other one, evaluating the severity and intensity 

of the symptoms in each hyperactivity episode, is a 

clinical feature scale (CFS) (Table 2) (1,3,9). The DLT 

evaluates 11 main items with the presence of each 

scored as one point and absences are scored as zero. 

If the symptoms persist for three consecutive days, the 

diagnosis of PSH is more probable. Data to evaluate 

six main symptoms CFS is used. CFS has a value 

range between zero and three.  A combined score of 

DLT and CFS gives us the Paroxysmal Sympathetic 

Hyperactivity Assessment Measure (PSH-AM) 

(Table 3). If the score is < 8 points the diagnosis is 

unlikely, if it is between 8-16 points the diagnosis is 

possible and if the score is > 17 points the diagnosis 

is probable (1,2,9).

Treatment Modalities in PSH

Treating PSH is challenging due to the lack of 

guidelines and the complicated etiology of the 

syndrome. That is why the treatment modalities mostly 

focus on controlling the symptoms and the episodes 

(2,4).

Treatment approach should include adequate 

sedation, analgesia and muscle relaxation. However, 

the clinician must be ready to treatment related 

scenarios like prolonged mechanical ventilation 

support and a delay in neurological rehabilitation 

Table 1. Diagnostic likelihood tool (1 point for each feature)
Clinical features occur simultaneously 1 point
Episodes are paroxysmal in nature 1 point
Sympathetic over – reactivity to normally non-painful stimuli 1 point
Features persist > 3 consecutive days 1 point
Features persist > 2 weeks post brain injury 1 point
Features persist despite treatment of alternative differential diagnosis 1 point
Medication administered to decrease sympathetic features 1 point
> 2 episodes daily 1 point
Absence of parasympathetic features during episodes 1 point
Absence of other presumed cause of features 1 point
Antecedent acquired brain injury 1 point
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of the patient (3). Moreover, while treating PSH the 

possibility of multisystem organ dysfunction must 

also be considered and possible adverse events like 

cardiac hypertrophy, muscle wasting and dehydration 

must also be treated. We must also make sure that 

the patient is receiving enough calories and water- 

electrolyte levels are balanced (6,10). In order to treat 

this syndrome, an approach of both pharmacological 

and nonpharmacological should be combined (4).

Pharmacological Treatment 

Medical treatments include a diversity of drug groups, 

each affecting or preventing different symptoms. 

Opioids, beta-blockers, dopamine agonists, alfa2 

agonists (clonidine, dexmedetomidine), GABAergic 

agents, benzodiazepines, gabapentin, baclofen 

(can be given either enterally or intrathecal) and 

muscle relaxants are mostly used (1,3,4,10).  

Pharmacological approach focuses on three steps: 

symptom avoidance, prevention and refractory 

treatment. Symptom abortive medications should be 

administered as soon as the episodes are identified 

they focus on stopping the paroxysmal episodes (2). 

They have a rapid onset of action and a short half-life; 

for example, use of antipyretics to treat hyperthermia, 

sedatives for agitation, muscle relaxants to relieve 

spasticity and postures, and antihypertensive 

agents for hypertension. Morphine and short acting 

benzodiazepines are considered first line treatment 

(2,4).

Preventive medications aim to control the episodes 

and to reduce their frequency as well as severity, 

in order to avoid any arrhythmia, cardiac overload, 

dehydration, and loss of muscle mass. This approach 

includes the usage of non-selective beta-blockers, alfa 

2 agonists bromocriptine, baclofen, gabapentin and 

long-acting benzodiazepines. Among these drugs, 

Propranolol a non-selective B-blocker has shown to 

reduce mortality rates when given 20-60mg doses in 

every 4-6 hours. Besides its cardiovascular effects, 

propranolol also helps lower the body temperature. 

Furthermore, dexmedetomidine, an alpha-2 agonist, 

can be administered as an intravenous infusion 

at a rate of 0.2–0.7 mcg/kg/h to provide sedation 

and analgesia, regardless of whether the patient is 

receiving ventilatory support or not. It is also preferred 

on TBI patients to prevent PSH (2,4). 

Refractory treatment modalities aim to avoid 

secondary brain damage from hypertension, 

hyperthermia and cardiac damage. During the 

refractory period continues or bolus intravenous 

medications likes propofol, benzodiazepines, opioids 

or dexmedetomidine can be used. Also, intrathecal 

baclofen use may also be considered in some 

refractory cases in which posturing episodes persist. 

Dantrolene, a ryanodine receptor antagonist may also 

be used for posturing during the refractory period, but 

with close monitorization of liver function tests (3,4,6).

Because there is no treatment guideline, centers can 

prepare their own PSH treatment protocols according 

to clinical presentations of PSH (3,4). Besides, we can 

Table 3. Paroxysmal sympathetic hyperactivity – assessment 
measure (PSH-AM)
Unlikely <8 points
Possible 8-16 points
Probable >17 points

Table 2. Clinical feature scale
0 1 2 3

Heart Rate <100/per minute 100-119/per minute 120-139/per minute >140/per minute
Respiratory Rate <18/ per minute 18-23/per minute 24-29/per minute >30/per minute
Systolic Blood Pressure <140 mmHg 140-159 mmHg 160-179 mmHg >180 mmHg
Temperature <37oC 37oC-37.9oC 38oC-38.9oC >39oC
Sweating Nil Mild Moderate Severe
Posturing During Episodes Nil Mild Moderate Severe 
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also use the PSH-AM scores to combine treatment 

modalities. For patients with a score of <8 points 

only the dominant symptoms might be targeted, 

whereas for patients with a score of 8-16 points 

both symptomatic and preventive modalities might 

be used. Patients with a score of >17 points might 

need symptomatic, preventive treatment as well as 

baclofen, gabapentin and even dantrolene (6).

Non-pharmacological treatment

As mentioned above, the treatment of PSH 

should include both pharmacological and non-

pharmacological approaches. Non-pharmacological 

approach aims to prevent any sympathetic 

hyperactivity episode triggering events, reduce 

sympathetic nervous activity and lighten any adverse 

effects (3).

Avoidance of excessive external stimuli while giving 

daily care, and controlling room temperature are of 

major importance (3,5).

During ICU management of patients with PSH it must 

be taken into account that energy consumption of 

these patients are increased during the episodes, 

therefore their caloric requirements are also increased 

because of a hyperfunctioning brain (24,25). Close 

monitorization of nutrition and hydration status as 

well as early initiation of enteral nutrition is of crucial 

importance (26).

Physiotherapy must also keep in mind in order to 

extend the motion range and prevent contractile 

postures (3).

Family support and their education are also very 

important for the management of these patients 

because the road to recovery is hard and long. Also, 

Salmani et al showed that family related stimulations 

are more effective than sensory stimulations in order 

to improve consciousness (24,27). 

The relationship of PSH with cerebral hypoxia might 

bring hyperbaric oxygen therapy (HBOT) to mind. 

It was shown in a case series HBOT controlled 

autonomic discharges and posturing episodes in the 

subacute phase of TBI and is a good treatment option 

in refractory PSH with pharmacological therapy (28). 

Moreover, in a study conducted by Wang et al, two 

groups of PSH patients, one received HBOT, and 

the other group did not, were compared. The study 

revealed that the group which had HBOT had lower 

PSH-AM scores, more clear relief of PSH symptoms, 

more awake patients, higher Glasgow Coma Scale 

scores and shorter ICU stay (29).

Clinical Features and Intensive Care Management of 
PSH

Paroxysmal Sympathetic Hyperactivity syndrome is a 

complex disease in which the main symptoms consist 

of paroxysmal episodes of sympathetic and motor 

hyperactivity. Although these main symptoms are 

tachycardia, tachypnea, hypertension, hyperthermia, 

sweating and posturing, it should also be expected 

to see different symptoms in each patient (3). During 

the ICU stay these hyperactivity episodes occur in a 

cyclic pattern. Even though the episodes may occur 

spontaneously, they may also occur after non-painful 

stimuli such as endotracheal tube aspirating, exposure 

to touch or light or physiotherapy (6). 

Another important approach is to remember that 

some of the symptoms might be masked by the 

therapeutic processes of TBI or may overlap with 

other neurological issues related to TBI (3,4). Number 

of symptoms rather than the duration of episodes are 

more indicative as to the severity of the disease. Non-

adequate controlling of these symptoms may result in 

secondary brain damage and therefore leading to a 

poor prognosis (4,6).

The episodes may last a few minutes or as long as 

two hours, and they can even occur several times in 

a day or they may occur continuously in refractory 

cases (3,4). On the other hand the duration of PSH 

may also change between a few weeks and more than 

a year (3).
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PSH occurs in three stages. First one, the hyperacute 

phase usually refers to the first week of admission 

in which the damage to the brain is maximum but 

the patient is usually asymptomatic due to heavy 

sedation, analgesia and neuromuscular blockers (if 

needed) in order to treat TBI and other related injuries. 

This results in a delay in diagnosis unless the patient 

awakens for some reason. The second phase is the 

one in which the patient shows paroxysmal episodes 

of sympathetic and motor discharges. The last phase 

starts when hyperhidrosis ends. During this stage 

declines in posturing episodes are seen. Furthermore, 

this stage represents the rehabilitation phase which 

can last for years but with less frequent and severe 

episodes (6,10).

Figure 3. Diffusion tensor imaging (DTI) and tractography magnetic resonance imaging (MRI) findings of diffuse axonal injury

Axial FLAIR imaging (A) reveals a subtle hyperintense signal in the posterior limb of the right internal capsule (yellow arrow), consistent with chronic changes 
due to diffuse axonal injury. The color-coded fractional anisotropy (FA) map (B) demonstrates focal disruption, reflecting underlying microstructural damage and 
reduced white matter integrity. Tractography (C) reveals a noticeable reduction in the density and continuity of fibers passing through the affected region of the 
internal capsule. The background axial (D) and coronal (E) FLAIR images, combined with corticospinal tract (CST) visualization, confirm that the lesion spatially 
overlaps with the right CST, indicating trauma related degeneration or partial disruption along its trajectory.
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It should also keep in mind that other medical 

conditions related to trauma and intensive care 

treatments may also cause delays in diagnosing PSH, 

as in a case reported by ourselves (21). In this case 

report it was stated that a 26-year-old female suffering 

from TBI was admitted to the ICU with diffuse axonal 

injury and deep coma. Even though she had episodes 

of sympathetic activities at early admission she also 

had other medical problems like sepsis and acute 

hypoxemic respiratory failure at the same time. During 

her stay in the ICU her magnetic resonance images 

showed diffuse axonal injury (Figure 3) and the 

sympathetic symptoms re-occurred while there were 

no other contemporaneous medical problems. Since 

PSH-AM was applied. Her CFS was 13, DLT was 9 and 

she had a total PSH-AM score of 22 and diagnosed 

with PSH. The diagnostic tool PSH-AM can help the 

clinician diagnose and treat PSH at early stages, if it 

begins to be used from the admission of the patient 

unless there are no other concurrent pathologies.

PSH is often recognized once the intravenous 

sedation infusions are stopped and the patient begins 

to awaken. In the case report mentioned above the 

patient was given metoprolol, gabapentin, tramadol, 

dexmedetomidine, amantadine sulfate, melatonin and 

modafinil as pharmacological treatment to control the 

symptoms (21).

Paroxysmal Sympathetic Hyperactivity syndrome 

is usually associated with poor long-term outcomes 

such as, low level of consciousness and low Glasgow 

Coma Scale scores, longer hospital stays, higher 

dependance to mechanical ventilation, tracheostomy 

indication, and more infectious complications (3,5,30). 

While managing these patients in the ICU it must be 

kept in mind that PSH results in a hypermetabolic 

state which leads to weight loss and dehydration as 

a result of hypercatabolism, heterotopic ossifications, 

inflammation, immunosuppression and infections, all 

of which resulting in excessive interventions, delayed 

rehabilitation, increase in morbidity, longer hospital 

and ICU stays (1-3,6,30). Even though there is no 

consensus on the relationship of PSH and weaning 

from mechanical ventilation, the intensivist should 

also evaluate the effects of PSH on the weaning 

process (2).

Conclusion

Prompt recognition of PSH is essential, because 

delayed diagnosis may result in unnecessary work-

up,  inappropriate use of medications, excessive 

interventions, and prolonged hospitalization. The 

occurrence of PSH after TBI should always be 

suspected especially if the patient is showing episodes 

of sympathetic hyperactivity while being weaned from 

sedative agents. Because PSH is often recognized 

once the intravenous sedation infusions are stopped 

and the patient begins to awaken. In order to treat this 

syndrome an approach of both pharmacological and 

nonpharmacological should be combined. It must be 

kept in mind that uncontrolled symptoms may also 

lead to secondary brain injury caused by hypertension, 

hyperthermia, cardiac damage and even death.
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