Paroxysmal Sympathetic Hyperactivity (PSH) : S/ RESRIEEED
2018.11.13 I#@EARIL E2— FERRC

(B
PSHIZ, EERKEBGZICSIEHE. RFEICER. SME. Bk, Bk, FT. HERDOE
EREBEOERHERERERZET 2RET. BERREERRHAREEREZEY %,

[FEIR]

AW (&, DM ER. MELR. WK ER, & T. FBLRE. HEBEREDIERIFEE
MEICTHICOEEEA L. 1E4 U % &30t 5. PSHIFEHES UTEE. K. BIRE
B, BfEERC L. BRICEERFEERXSZ D, INSOAHIETREZE L GARET ST
ETEETE SN, PSHOBMZBARZAS RV EFIEN TEAR U,

[&FRIcDWT]

AKjFREIE. dysautonomia. paroxysmal autonomic instability with dystonia. paroxysmal
sympathetic storm. sympathetic storm. autonomic storm. diencephalic seizure.
autonomic dysfunction syndrome’a EDQZIMTHRE SN T W, RETIE "REMBRIFEE
MICHEEREICRDHE) ZHEYICKEUCPSHNZYE IS,

OFEHF

Normal PSH

Thalamus

Normal sensory input
and perception

Non-noxious stimuli

Normal descending perceived as noxious  Impaired descending
inhibition inhibition

Normal descending inhibition Impaired descending inhibition

Non-noxious sensory input Non-noxious sensory input

Normal balance of
interneuron activity

Increased excitatory
interneuron activity
Figure 2: Excitatory:inhibitory ratio model of the pathogenesis of PSH

In normal circumstances, various cortical, hypothalamic, thalamic, and other subcortical inputs modulate activity
within brainstem centres—the PAG is shown here as one of the key brainstem hubs in this process. These
brainstem nuclei provide inhibitory drive to spinal-reflex arcs, thereby maintaining balance between inhibitory and
excitatory interneuron influences on motor and sympathetic efferents, allowing normal sensory stimuli to be
perceived as non-noxious. In the excitatory:inhibitory ratio model of PSH, disconnection of descending inhibition

Sympathetic output Increased sympathetic output

Motor output Increased motor produces maladaptive dendritic arborisation and spinal-circuit excitation, with non-noxious stimuli triggering
P output increased motor and sympathetic output (spinally) and potentially becoming perceived as noxious (centrally).**
P/ luctal grey. PSH=p: al hetic hyperactivity.
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TABLE 1. PAROXYSMAL SYMPATHETIC HYPERACTIVITY — ASSESSMENT MEASURE

Clinical Feature Scale (CFS)

0 1 2 3 Score
Heart rate <100 100-119 120-139 >140
Respiratory rate <18 18-23 24-29 =30
Systolic blood pressure <140 140-159 160-179 =180
Temperature <37 37-37.9 38-38.9 >39.0
Sweating Nil Mild Moderate Severe
Posturing during episodes Nil Mild Moderate Severe

\ CFS subtotal

Severity of clinical features

Nil 0

Mild 1-6
Moderate 7-12
Severe >13

Diagnosis Likelihood Tool (DLT)

Clinical features occur simultaneously

Episodes are paroxysmal in nature

Sympathetic over-reactivity to normally non-painful stimuli
Features persist =3 consecutive days

Features persist 22 weeks post -brain injury

Medication administered to decrease sympathetic features
22 episodes daily

Absence of parasympathetic features during episodes
Absence of other presumed cause of features

Antecedent acquired brain injury

Features persist despite treatment of alternative differential diagnoses

(Score 1 point for each feature present)

\ DLT subtotal

Combined total (CFS+DLT)

PSH diagnostic likelihood

Unlikely <8
Possible 8-16
Probable >17

PSH, paroxysmal sympathetic hyperactivity.

A (linical feature scale (CFS) score

0 1 2 3
Heart rate (beats per min) <100  100-119 120-139 =140
Respiratory rate (breaths per min) <18 18-23 24-29 =30
Systolic blood pressure (mm Hg) <140 140-159 160-179 >180
Temperature (°C) <370 37-0-379 38:0-38:9 =390
Sweating Absent Mild Moderate  Severe
Posturing during episodes Absent Mild Moderate  Severe

B Diagnosis likelihood tool (DLT): one point per feature present

Antecedent acquired brain injury

Clinical features occur simultaneously

Episodes are paroxysmal in nature

Sympathetic over-reactivity to normally non-noxious stimuli
Absence of parasympathetic features during episodes
Features persist for >3 consecutive days

Features persist for >2 weeks post-brain injury

Two or more episodes daily

Absence of other presumed causes of features

Features persist despite treatment of alternative differential diagnoses
Medication administered to decrease sympathetic features

C Interpretation of scores

+ CFS subtotal=

sum of CFS scores for each of the six features (0-3 points for individual
features; maximum subtotal=18);

CFS subtotal severity scores:

0=nil; 1-6=mild; 7-12=moderate; =13=severe

DLT subtotal=

sum of points for each feature present (one point per feature;
maximum subtotal=11)

PSH-AM=

CFS subtotal + DLT subtotal;

PSH-AM score:

<8=PSH unlikely; 8-16=PSH possible; 217=PSH probable

Figure 1: The PSH Assessment Measure

The PSH Assessment Measure (PSH-AM; appendix) is calculated using

two constructs: (A) the clinical feature scale (CFS), which measures the intensity of
the cardinal features identified as crucial to PSH; and (B) the diagnosis likelihood
tool (DLT), which is based on the presence of contextual attributes (identified by
expert consensus), and indicates the likelihood that the observed features are due
to PSH. (C) The PSH-AM score is calculated by combining the CFS and DLT
subtotal scores, which gives an estimate of the probability of a diagnosis of PSH.
Adapted from Baguley and colleagues,” by permission of Mary Ann Liebert, Inc.
PSH=paroxysmal sympathetic hyperactivity.
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titrate to effect
Treatment: 1-10 mg intravenous bolus

Fentanyl* Prevention: patch 12-100 pg/h

Intravenous anaesthetics

Propofol Prevention: intravenous infusion; maximum
<4 mg/kg per h

Treatment: 10-20 mg intravenous bolus
B-adrenergic blockers

Propranolol®# Prevention: 20-60 mg every 4-6 h, orally (rectal

administration also described)

Labetalol*® Prevention: 100-200 mg every 12 h, orally
Metoprolol Prevention: 25 mg every 8 h, orally

o2 agonists

Clonidine* Prevention: 100 pg every 8-12 h, orally; titrate to

a maximum of 1200 ug/day
Prevention: intravenous infusion; titrate to effect

Dexmedetomidine”#®  Prevention: intravenous infusion; titrate to effect

Prevention and treatment: 0-2-0-7 pg/kg per h

Neuromodulators

Bromocriptine* Prevention: 1-25 mg every 12 h, orally; titrate to

amaximum of 40 mg/day

Gabapentin®® Prevention: 100 mg every 8 h, orally; titrate to a

maximum of 4800 mg/day

Baclofen® Prevention: 5 mg every 8 h, orally; titrate to a
maximum of 80 mg/day

Prevention: intrathecal—specialist use only

spinal cord (and possibly in
peripheral tissue)

Opioid receptors in brain and
spinal cord (and possibly in
peripheral tissue)

GABA, receptors in brain

Non-selective
B adrenoceptors (central,
cardiac, and peripheral)

B and a adrenoceptors

Cardioselective
B adrenoceptors

o2 adrenoceptors in brain and
spinal cord

o2 adrenoceptors in brain and
spinal cord

Dopamine D, receptors

028 presynaptic
voltage-gated Ca** channels
in brain and spinal cord

GABA, receptors

hypertension, allodynia, and
tachycardia

Most features, particularly
hypertension, allodynia, and
tachycardia

Most features

Tachycardia, hypertension,
and diaphoresis; might help
with dystonia

Tachycardia, hypertension,
and diaphoresis; might help
with dystonia

Limited or no impact on any
features

Hypertension and
tachycardia

Hypertension and

tachycardia

Temperature and sweating

Spasticity and allodynic
responses

Spasticity and dystonia

Prevention or treatment: dose and route* Site of action Clinical features targeted  Evidence of Cautionary notes
efficacyt
Opioids
Morphinet* Prevention: intravenous infusion, Opioid receptors in brainand ~ Most features, particularly ~ Consistent Respiratory depression, tolerance,

Consistent

Consistent

Consistent

Limited

Ineffective

Intermediate

Intermediate

Intermediate

Consistent

Orally: limited;

intrathecal:
consistent

and need for dose escalation

Respiratory depression, tolerance,
and need for dose escalation

Only if mechanically ventilated, and
in acute phase

Bradycardia, hypotension,
bradyarrhythmia, sleep disturbances,
and masked hypoglycaemia,
especially with oral antidiabetics

Bradycardia, hypotension,
bradyarrhythmia, sleep disturbances,
and masked hypoglycaemia,
especially with oral antidiabetics
Bradycardia, hypotension,
bradyarrhythmia, sleep disturbances,
and masked hypoglycaemia,
especially with oral antidiabetics

Hypotension, bradycardia, and
sedation; intravenous infusions are
not a long-term solution

Hypotension, bradycardia, and
sedation; intravenous infusions are
not a long-term solution

Confusion, agitation, dyskinesia,
nausea, and hypotension

Well tolerated

Sedation and withdrawal syndrome

(Table 2 continues on next page)




Prevention or treatment: dose and route*

Site of action

Clinical features targeted

Evidence of
efficacyt

Cautionary notes

(Continued from previous page)

Benzodiazepines

Diazepam Treatment: 1-10 mg intravenous bolus
Lorazepam Treatment: 1-4 mg intravenous bolus
Midazolam Treatment: 1-2 mg intravenous bolus
Clonazepam Prevention: 0.5-8-0 mg/day,

orally in divided doses

Sarcolemmal Ca* release blockers

Dantrolene* Treatment: 0-5-2 mg/kg intravenous every
6-12 h; titrate to a maximum of 10 mg/kg per

day

Central benzodiazepine
receptors on GABA complexes
in brain and spinal cord

Central benzodiazepine
receptors on GABA complexes
in brain and spinal cord

Central benzodiazepine
receptors on GABA complexes
in brain and spinal cord

Central benzodiazepine
receptors on GABA complexes
in brain and spinal cord

Ryanodine receptors in cell
membranes of striated
muscle fibre cells

Agitation, hypertension,
tachycardia, and posturing

Agitation, hypertension,
tachycardia, and posturing

Agitation, hypertension,
tachycardia, and posturing

Agitation, hypertension,

tachycardia, and posturing

Posturing and muscular
spasms

Intermediate

Intermediate

Intermediate

Intermediate

Intermediate

Sedation; use intravenous boluses
with caution in patients without
secure artificial airway

Sedation; use intravenous boluses
with caution in patients without
secure artificial airway

Sedation; use intravenous boluses
with caution in patients without
secure artificial airway

Sedation; use intravenous boluses
with caution in patients without
secure artificial airway

Hepatotoxicity and respiratory
depression

These data are provided as a record of published reports of drugs used to treat patients with PSH, and not as recommendations for treatment. Drug doses and clinical impressions of efficacy are based on past
publications of clinical trials, case series, and case reports,*** and are largely covered in four reviews on the subject.***5’ Single case reports and other studies that did not add substantive information were
excluded, but drug classes and specific agents that have been commonly used to treat patients with PSH are covered in this table. Combinations of drugs are commonly used in clinical practice—eg, combining
interventions for both prevention and treatment of paroxysms, and using drugs in different therapeutic classes with different mechanisms. These drugs and drug combinations are based on local custom, rather
than objective evidence. PSH=paroxysmal sympathetic hyperactivity. *Drug administration routes are mainly intravenous or oral, which includes administration through a nasogastric or other feeding tube. The
dose ranges listed cover the entire ranges that have been reported in the literature. The dosage and route of administration of drugs used should take into account each patient’s individual circumstances and
good clinical practice. tEvidence of efficacy is described as consistent when many or most of the publications reviewed showed benefits; intermediate when there was an equivocal impression of benefit in the
literature; limited when data were scarce and inconclusive but showed some benefit; or ineffective when the literature showed no benefit. These judgments are subjective because a formal meta-analysis was not
possible since the data are very heterogeneous and poorly documented. +Or other opioids; doses provided are for morphine.

Table 2: Classes of drugs used for treatment and prevention of PSH
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