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CASE REPORT

Paroxysmal sympathetic hyperactivity 
following acute diffuse brain swelling due 
to traumatic brain injury: a case report 
with good clinical outcome
Kyohei Sakai1,2*†, Takehiro Kitagawa1,2†, Kohei Suzuki2, Keita Toh2 and Junkoh Yamamoto2 

Abstract 

Background:  Paroxysmal sympathetic hyperactivity (PSH) may occur after acquired brain injury. The clinical presen-
tation of PSH results from increased sympathetic overdrive, including transient paroxysms of tachycardia, hyperten-
sion, hyperventilation, hyperthermia, dystonic posturing, and excessive sweating. The exact pathophysiology of PSH, 
however, remains unclear, and no definitive treatment is available. Herein, the authors report a case of PSH in a male 
patient who experienced acute brain swelling after acquired head injury, for which a good clinical outcome was 
achieved due to multimodal treatment. The ensuing discussion also addresses the pathophysiology of PSH.

Case presentation:  An 18-year-old man was transported to the authors’ hospital after experiencing a traumatic 
brain injury. On admission, computed tomography revealed cerebral herniation due to diffuse brain edema in the 
left parietal lobe. Emergency decompressive craniotomy and internal decompression were performed. After surgery, 
anti-edema therapy (glycerol and mannitol) was continued. Ten days postoperatively, PSH was diagnosed in accord-
ance with the PSH assessment score (20 points). Vecuronium, fentanyl, morphine, propofol, dexmedetomidine, and 
a calcium channel blocker were administered; however, the drug effect was insufficient. Thirty-two days postsurgery, 
the patient gradually recovered from the adrenergic symptoms of PSH, and head computed tomography performed 
32 days after surgery revealed improvement in diffuse brain edema. Ultimately, the patient fully recovered and lived 
independently at home.

Conclusions:  Considering the pathophysiology of PSH, cerebral contusion, acute brain swelling, and secondary 
mechanisms of brain injury may trigger sympathetic nerve-enhancing regions and cause hyperexcitation of the sym-
pathetic nervous system, resulting in PSH. The outcome of the present case demonstrates that PSH can be reversed 
if it is identified early and before it becomes irreversible, that is, post the development of hypoxic encephalopathy or 
widespread brain damage. Appropriate management, including decompression craniotomy for brain swelling and 
multidisciplinary treatment, leads to good clinical outcomes.
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Background
Paroxysmal sympathetic hyperactivity (PSH) may occur 
after acquired brain injury. The clinical presentation 
of PSH is due to increased sympathetic overdrive and 
includes transient paroxysms of tachycardia, hyperten-
sion, hyperventilation, hyperthermia, and excessive 
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sweating. Excessive motor tone may result in dystonic 
posturing [1]. Currently, the most widely accepted diag-
nostic criteria for PSH are those proposed by Baguley 
et al. (Table 1) [1].

Recently, the clinical and diagnostic features of PSH in 
patients experiencing traumatic brain injury (TBI) have 
reached broad clinical consensus in many neurology 
departments. These advances in understanding should 
provide a unanimous foundation for systematic research 
investigating this clinical syndrome and its manage-
ment. Clinically, significant attention has been devoted 
to the definition and diagnostic criteria, epidemiology 
and pathophysiology, symptomatic treatment, and pre-
vention and control of secondary brain injury in patients 

with TBI. The primary goals of treatment include remov-
ing any eliciting stimuli, controlling excessive sympa-
thetic hyperactivity, and preventing damage to peripheral 
organ systems [2, 3]. Delayed recognition, leading to 
unnecessary workup and medications, can further pro-
long hospitalization, with potentially harmful results for 
patients. Uncontrolled symptoms can lead to second-
ary brain injury from hypertension, hyperthermia, car-
diac damage, and even death [4, 5]. However, the exact 
pathophysiology of PSH remains unclear, and there is no 
definitive treatment; moreover, perioperative manage-
ment is difficult and the prognosis is poor [6]. Herein, 
we report a case of PSH after acute brain swelling due to 
acquired head injury, for which a good clinical outcome 

Table 1  Paroxysmal sympathetic hyperactivity assessment

0 1 2 3 Score
<100 100-119 120-139 140
<18 18-23 24-29 30

<140 140-159 160-179 180
<37 37-37.9 38-38.9 39.0
Nil Mild Moderate Severe
Nil Mild Moderate Severe

CFS subtotal

Nil                      0
Mild               1–6 
Modelate      7–12
Severe            >12

Diagnosis Likelihood (DLT) 
Clinical features occur simultaneously
Episodes are paroxysmal in nature
Sympathetic over-reactivity to nomaly non-painful stimuli
Features persist >3 consecutive days
Features persist >2 weeks post brain injury
Medication administered to decrease sympathetic features

2 episodes daily
Absence of parasympathetic features
Absence of other presumed cause of features
Anthcedent acquired brain injury

DLT subtotal

Unlikely <8
Possible  8-16
Probable >16

Sweating

PSH diagnostic likelihood

Severity of clinical features

Combined total (CFS+DLT)

Posturing  during episodes

Clinical Feature Scale (CFS)

Heart rate 
Respiratory rate 
Systolic blood pressure 
Temperature
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was achieved due to multimodal treatment. The ensuing 
discussion also addresses the pathophysiology of PSH.

Case presentation
An 18-year-old man was transported to the authors’ 
hospital with altered levels of consciousness after expe-
riencing TBI, having fallen from a height of 9  m. On 
admission, he had a Glasgow Coma Scale (GCS) score 
of 10 (E3V2M5), motor strength and tone were nor-
mal, and pupils were equal in size. Brain computed 
tomography (CT) on admission revealed left temporal 
lobe contusion and diffuse subarachnoid hemorrhage 
(Fig.  1). Whole-body CT revealed multiple fractures 
(right clavicle and femur), multiple lung contusions, 
and a left pneumothorax. The patient required mechan-
ical ventilation due to a reduced level of consciousness, 
while brain edema was managed conservatively with 
anti-cerebral edema drugs (glycerol 400  ml/24  h and 
mannitol 600  ml/24  h). An external fixation of open 
fracture of the right femur was performed. Four hours 
after the injury, the patient’s pupils became unequal in 
size (right, 3  mm; left, 6  mm), and head CT revealed 
cerebral herniation due to diffuse brain edema in the 
left parietal lobe. Emergency decompressive crani-
otomy and internal decompression were performed. 
Intraoperatively, a dural incision was made as large as 
possible within the craniotomy, and the brain paren-
chyma bulged beyond the dural margin. The soft mem-
brane vessels on the surface of the left parietal lobe 
were markedly dilated, suggesting impaired reflux due 
to increased cerebral pressure. Approximately two-
thirds of the brain parenchyma, which was bulging 

extradurally, was resected. After the operation, anti-
edema therapy (glycerol 400  ml/24  h and mannitol 
600 ml/24 h) was continued. Two days after the opera-
tion, the patient developed high temperature and exten-
sor posturing; accordingly, vecuronium (50  mg/24  h), 
fentanyl (0.4  mg/24  h), levetiracetam (1000  mg/24  h), 
and intravenous injections of propofol were initiated. 
However, atelectasis recurred, and tracheotomy was 
performed 4  days after the initial operation. Ten days 
after the operation, the patient was awake. He also 
exhibited high blood pressure induced by pain and 
stimulation, tachycardia, tachypnea, high fever, and 
diaphoresis. PSH was diagnosed in accordance with 
a PSH assessment score of 20 points [1]. Investiga-
tions for sepsis and non-convulsive epileptic seizures 
were negative. Morphine (150  mg/48  h), dexmedeto-
midine (200  μg/24  h), benzodiazepine (midazolam) 
(40  mg/24  h), and a calcium channel blocker (nicardi-
pine) (96 mg/24 h) were administered; nevertheless, his 
adrenergic symptoms persisted, suggesting that drug 
effects were insufficient. He was administered sufficient 
hydration to compensate for the increased insensi-
ble losses caused by excessive diaphoresis and hyper-
thermia management with acetaminophen, diclofenac 
sodium, and external cooling measures. Fourteen days 
after surgery, the patient was extubated. Thirty-two 
days postsurgery, the patient eventually recovered from 
the adrenergic symptoms of PSH. Additionally, the 
patient’s communication gradually improved. Head CT 
performed 32  days after surgery revealed an improve-
ment of diffuse brain edema. Forty-three days after 
the operation, cranioplasty was performed, and the 

Fig. 1  Head computed tomography on admission revealing left temporal lobe contusion and diffuse subarachnoid hemorrhage
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tracheal cannula was removed 50  days after decom-
pressive craniotomy. The patient fully recovered and 
lived independently at home (Fig. 2).

Discussion
PSH, defined as a state of sympathetic hyperactivity con-
sisting of periodic episodes of increased heart rate, blood 
pressure, sweating, hyperthermia, and motor posturing, 
can develop after severe acquired brain injury. Recently, 
the PSH assessment measure proposed by Baguley et al. 
has been used for the early diagnosis of PSH (Table  1) 
[1, 7]. In our patient, the PSH assessment score was 20 
points.

Patients who experience PSH are typically young [7, 
8]. The most common underlying cause is head injury 
(79.4%); approximately 10% of patients with severe head 
injury develop PSH [6, 8]. In particular, it has been 
reported that the frequency of PSH is high in patients 
who experience diffuse axonal injury and deep cerebral 
lesions [6]. Other causes of PSH include hypoxic enceph-
alopathy (9.7%), which often has a poor prognosis, stroke 
(5.4%), hydrocephalus (2.6%), brain tumor, central nerv-
ous system infections, and hypoglycemia [8]. The par-
oxysms usually begin 5–7 days after the injury, although 
they may start earlier. The duration of the PSH phase is 
variable, ranging from < 2  weeks to several months [9]. 
PSH prolongs intensive care unit stay, coma duration, 

and the time on mechanical ventilation [6]. Our patient 
was a young man who developed acute brain swelling 
after experiencing a severe head injury that required cra-
niotomy decompression. The patient was diagnosed with 
PSH 10  days after experiencing brain injury, and PSH 
symptoms persisted for 21  days. Sepsis, non-convulsive 
epileptic seizures, and hypoxia were considered as the 
differential diagnosis; however, the results of various tests 
were negative. The patient’s outcome was favorable fol-
lowing active whole-body management. PSH symptoms 
gradually improved and resolved immediately after the 
brain swelling had improved.

While the exact pathophysiology of PSH remains 
unclear, three mechanisms have been proposed. First, the 
disconnection theory suggests that the sympathetic nerve 
centers in the hypothalamus and brainstem are separated 
from the control of the higher cerebral cortex, resulting 
in sympathetic excitement [8, 10]. In the second, recently 
proposed model, the excitatory–inhibitory ratio model, 
proposes that disconnection of descending inhibition 
produces maladaptive dendritic arborization and spinal-
circuit excitation, with non-noxious stimuli triggering 
increased motor and sympathetic output (spinally) and 
potentially becoming perceived as noxious (centrally) 
[11]. The third theory suggests that the sympathetic nerv-
ous system causes hyperexcitability due to disorders in 
the insula, which has been reported to be involved in 

Fig. 2  Time course of clinical findings in the present case
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the sympathetic tone and may be linked to sympathetic 
hyperexcitation [12]. Sympathetic nervous hyperexcita-
tion causes excess catecholamine release, leading to PSH. 
The posterior part of the right insula, bilateral supra-
marginal gyrus, right amygdala, anterior part of the left 
insula, and mid-cingulate gyrus have been reported to 
enhance the sympathetic nervous system [13]. In addi-
tion, patients with PSH have been reported to exhibit 
high plasma catecholamine levels, making the measure-
ment of blood catecholamine levels during PSH attacks 
particularly useful [14].

In the present case, cerebral contusion damaged the 
left anterior insula and supra-marginal gyrus, with sub-
sequent generalized swelling of the brain. This case 
indicates that primary brain contusion, extensive brain 
swelling, and secondary brain injury may trigger dys-
function of the cerebral sympathetic nervous system. 
The similarity in the course of PSH to that of Takotsubo 
cardiomyopathy and neuro-pulmonary edema observed 
after stroke supports this mechanism [13]. From that 
report and the current case, brain contusion following 
head trauma, acute brain swelling, cerebral ischemia, and 
subsequent release of excitatory amino acids at the cel-
lular level may contribute to the development of PSH. We 
speculate that secondary brain injury due to factors, such 
as the production of inflammatory cytokines and reac-
tive oxygen species, hyperthermia, hypoxemia, and the 
deterioration of general condition, may be involved in the 
pathophysiology of PSH.

In clinical practice, most patients with PSH require 
multiple drugs with complementary roles. However, the 
selection of drug combinations is typically based on local 
practices rather than objective evidence [11]. The man-
agement of PSH requires a combination of pharmacologi-
cal and non-pharmacological treatment modalities. Since 
the etiology of the disease is not clearly understood, ther-
apy has focused on symptom control [15, 16]. Opioids 
(morphine and fentanyl), intravenous anesthetics (propo-
fol), gabapentin, benzodiazepines (diazepam, midazolam, 
and clonazepam), alfa-2 agonists, and beta-adrenergic 
blockers have been used [11]. The mechanisms by which 
these agents improve the symptoms of PSH remain spec-
ulative; however, a combination of medications from dif-
ferent classes appears to be the most effective approach 
in managing PSH symptoms. Optimizing outcomes with 
these medications and minimizing side effects, such as 
sedation, is the goal but can be a challenge. Ideally, the 
appropriate approach to preventing side effects is by 
using short-acting medications, choosing the appropri-
ate regimen, and avoiding medications that fail to control 
symptoms. The pharmacological management of PSH 
focuses on three treatment approaches: symptom abor-
tion, prevention of symptoms, and refractory treatment. 

Symptom-abortive medications are used to control dis-
crete breakthrough episodes. These medications have a 
rapid onset of action with a short half-life. The targets of 
abortive medications usually depend on the predominant 
symptoms: treating hyperthermia with antipyretics, agi-
tation with sedation, and hypertension with antihyper-
tensive agents [15, 16].

Our case highlights the role of multidisciplinary sys-
temic management in preventing mortality and long-
term morbidity. We demonstrated that PSH can be 
reversed if it is identified early before it becomes irrevers-
ible, that is, post the development of hypoxic encepha-
lopathy or widespread brain damage. It is important 
to actively prevent secondary brain injury through 
body temperature and blood pressure management, 
dehydration prevention, nutritional management, and 
rehabilitation.

A limitation of this case was that we could not meas-
ure serum catecholamine levels or monitor intracranial 
pressure and perform magnetic resonance imaging. As 
such, it was difficult to provide an objective evidence of 
symptomatic nerve stimulation and objectively attribute 
reduced intracranial pressure to our management efforts, 
identifying detailed areas of brain damage. Cranial CT 
has limitations in detecting non-hemorrhagic lesions and 
those located in the posterior cranial fossa. Moreover, 
various authors have reported that magnetic resonance 
imaging is more sensitive than CT in diagnosing the 
anatomical sequelae of TBI, especially in detecting non-
hemorrhagic lesions and those located in the corpus cal-
losum, deep nuclei, and brain stem [17–19].

Conclusions
Cerebral contusion due to head injury, acute brain 
swelling, and secondary mechanisms of brain injury 
may trigger sympathetic nerve-enhancing regions and 
cause hyperexcitation of the sympathetic nervous sys-
tem, resulting in PSH. We believe that PSH is reversible 
if appropriate interventions are implemented before it 
becomes irreversible. Some features identified from evi-
dence-based clinical practice will provide predictors for 
the early identification of PSH in TBI patients. Moreo-
ver, some risk factors, such as age, early fever, the GCS 
score, and the use of tracheostomy, have been reported 
to be associated with the development of PSH. In the 
future, rigorous investigations and prospective studies 
are needed to accumulate reliable data, for example, to 
establish whether individual management modulates the 
relationship between the severity of PSH and long-term 
neurological outcomes in TBI patients and to stratify 
complications caused by PSH as an entity or PSH asso-
ciated with TBI. Appropriate management, includ-
ing decompression craniotomy for brain swelling and 
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multidisciplinary treatment, may result in good clinical 
outcomes.
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