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Abstract

Background Paroxysmal sympathetic hyperactivity (PSH) is
a less-known complication of traumatic brain injury (TBI).
This study was done to assess the clinical features and out-
come of patients who develop PSH following severe TBI.
Methods A prospective observational study was done on pa-
tients, admitted in the intensive care unit, for treatment of
severe TBI. The clinical characteristics and outcome of pa-
tients, with and without PSH, was compared. At the time of
discharge, patients were assessed with the Disability Rating
Scale (DRS), and at 6 months with the Glasgow Outcome
Score Extended (GOSE).

Results The incidence of PSH was 8 % (29/343). Tachycardia,
hypertension, and sweating were seen in all of the patients.
Tachypnea was seen in 24 (82.8 %), hyperthermia in 28
(96.6 %), and posturing in 13 (44.8 %) patients. Thirteen
(44.8 %) patients had all six symptoms of PSH. Follow-up data
were available for 23 (79.3 %) patients. At the end of 6 months,
14 (60.9 %) patients had died, seven (30.4 %) were severely
disabled, and two (8.7 %) were moderately disabled. There
was a significant correlation of GOSE with the number of symp-
toms of PSH (Spearman’s rho =0.502, p =0.015). The patients
with PSH had significantly higher DRS scores at discharge, 25.3

<l Dhaval Shukla
neurodhaval @rediffmail.com

Departments of Neurosurgery, National Institute of Mental Health
and Neurosciences, Bangalore 560029, India

Clinical Neurosciences, National Institute of Mental Health and
Neurosciences, Bangalore, India

Neuroanesthesiology and Neuroctitical Care, National Institute of
Mental Health and Neurosciences, Bangalore, India

vs. 19.9, p < 0.001; higher mortality at 6 months 60.9 vs. 30.4 %,
p<0.001; and higher proportions with unfavorable outcome.
Conclusions Presence of PSH in patients with severe TBI was
associated with prolonged hospital stay, poorer DRS at dis-
charge, more deaths, and unfavorable outcome. The number
of symptoms of PSH had a significant effect on outcome at
6 months.
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Introduction

Autonomic dysfunction, known by various names, is a less-
known and less-studied complication of traumatic brain injury
(TBI). The current consensus is to adopt the term “paroxysmal
sympathetic hyperactivity (PSH)” to describe the syndrome of
simultaneous, paroxysmal transient increases in sympathetic
and motor activity recognized in a subgroup of survivors of
severe acquired brain injury [3]. Though PSH can arise from
any causes of acquired brain injury, the majority of published
cases resulted from traumatic brain injury (TBI) (79.4 %),
followed by hypoxic brain injury (9.7 %) and stroke (5.4 %)
[13]. The reported incidence of PSH in TBI ranges from 8 to
33 % [12]. It has been described in both adults and children
with severe TBI [6, 8].

PSH is characterized by episodes of autonomic hyper-
responsiveness to non-noxious stimuli. The episodes com-
prise various combinations of hyperthermia, hypertension,
tachycardia, tachypnea, increased muscle tone, sweating,
and other symptoms of sympathetic hyperactivity [15, 16].
A caution of remark is required before labeling the diagnosis
of PSH, as an isolated feature of PSH may be present in pa-
tients with TBI due to various causes like seizures, sepsis,
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hypoxia, hypoglycemia, and pain [16]. PSH often occurs in
the immediate period, i.e., 7 days after an injury, with fewer
cases continuing into rehabilitation. Also, patients with PSH
remain in a low-response state for weeks to months after in-
jury [14]. Whether the early recognition and management of
PSH determines the outcome of patients with TBI is not
certain.

‘We conducted this study to look for the incidence of PSH in
our patients with TBI, its clinical spectrum, and its impact on
outcome.

Methods

This prospective observational study included patients ad-
mitted to the neurosurgical intensive care unit between
September 2013 and November 2015 for the treatment of
severe TBI. An approval and clearance from the institution
ethics committee and informed written consent from the
relatives of the patients were obtained. Adult patients
more than 18 years old with severe TBI, defined as post
resuscitation Glasgow Coma Scale (GCS) 3 to 8 were
screened for symptoms of PSH. The PSH was defined as
episodes of simultaneous occurrence of four out of follow-
ing six symptoms with at least one cycle per day for at
least three consecutive days, and return to baseline in ab-
sence of episodes.

»  Temperature of >38.5 °C

» Hypertension with systolic blood pressure >130 mmHg

* Tachycardia with pulse rate of >100 beats per minute

» Tachypnea with respiratory rate of >30 breaths per minute

* Increased muscle tone, rigidity, dystonia, or decorticate/
decerebrate posturing

*  Profuse sweating

The PSH assessment measure (PSH-AM) proposed by
the consensus on conceptual definition, nomenclature, and
diagnostic criteria for PSH was also applied to confirm
the diagnosis of PSH [3]. The PSH-AM comprised
“clinical feature scale” and “diagnosis likelihood tool”.
The clinical features included were heart rate, respiratory
rate, systolic blood pressure, temperature, sweating, and
posturing during episode. Depending on severity, each
feature was scored from 0 to 3. The features included in
diagnosis likelihood tool in PSH-AM were:

» Clinical features occurring simultaneously

+ Episodes being paroxysmal in nature

+ Sympathetic over-reactivity to normally non-painful
stimuli

» Features persisting >3 consecutive days

» Features persisting >2 weeks post-brain injury
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» Features persisting despite treatment of alternative differ-
ential diagnoses

*  Medication administered to decrease sympathetic features

« >2 episodes daily

* Absence of parasympathetic features during episodes

* Absence of other presumed cause of features

* Antecedent acquired brain injury

Each diagnosis likelihood tool was scored 1. Both clinical
feature scale and diagnosis likelihood tool were added to give
the total score. The diagnosis of PSH was based on combined
total score as follows: unlikely <8, possible 8-16, and proba-
ble >17. Only patients with a PSH-AM score >17 were in-
cluded in the study.

Patients with the following were excluded: injury to
chest, abdomen, long bones, or spinal cord; on inotropes
or other medications affecting autonomic nervous system,
preexisting illness affecting nervous system, diabetes, car-
diac arrhythmias, alcohol withdrawal, seizures, and sepsis.
The exclusion of seizures was made by clinical observa-
tion. The exclusion of sepsis was made by negative bac-
terial cultures of blood, urine, and tracheal aspirate, as and
when required. Episodes similar to PSH, during triggers
like application of painful stimulus for Glasgow Coma
Scale (GCS) assessment, tracheal suction, catheter inser-
tion, weaning from ventilator, and extubation were not
included.

The demographic, clinical, and computerized tomography
(CT) scan details of the patients were recorded. Magnetic res-
onance imaging (MRI) of the brain was not done for patients.
All patients were evaluated for development of symptoms
suggestive of PSH. Two investigators (MJ and DS) confirmed
the diagnosis of PSH, and enrolled the patients in the study.
The patients diagnosed to have PSH were monitored contin-
uously, and started on injectable or oral clonidine. Clonidine
was administered at a dosage of 2 ug/kg body weight for a
maximum dosage of 200 pg twice a day. It was continued
until symptoms subsided. Simultaneously, other medications
and treatments, as required for the management of a patient
with severe TBI, were continued, including cerebral decon-
gestants, antiepileptics, antibiotics, analgesics, and sedatives.
Hydration was taken care of with adequate fluid replacement.
Antipyretics and tepid sponging were used to control fever.
Following parameters of PSH were recorded for each patient:
number of episodes of PSH per day, total number of days of
PSH, number of symptoms of PSH, and total number of epi-
sodes of PSH. At the time of discharge, patients were assessed
with the Disability Rating Scale (DRS), and at 6-month fol-
low-up with Glasgow Outcome Score Extended (GOSE) [17,
19]. The clinical characteristics and outcome of patients with
PSH was compared with a control group of 79 patients with
isolated TBI, but without PSH, studied during the same peri-
od, from the same ICU, for validation of outcome measure
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(unpublished). The control group was matched for established
prognostic parameters of outcome of severe TBI.

Statistical analysis

The data was analyzed using the statistical software SPSS
(version 21). Descriptive statistics were expressed as percent-
ages for the categorical variables, while mean and standard
deviation were calculated for continuous variables. The corre-
lation coefficients were calculated using the Spearman’s rho.
Comparison of data was done using Mann—Whitney U test for
continuous variables, and Chi-square test or mid-p exact test
for categorical variables. The p <0.05 was considered as
significant.

Results

A total of 343 adult patients with severe (TBI) were admitted
during the study period, out of which 29 (8 %) patients satis-
fied the diagnostic criteria for PSH. The mean age of the
patients was 33.7 £ 12.3 years (range, 18-70), and the major-
ity (93.1 %) of them were males. The median (1st interquar-
tile) admission GCS was 5 (three), and the median (1st inter-
quartile) motor score was 3 (two). Twenty-six (89.6 %) pa-
tients underwent surgery for evacuation of traumatic mass
lesions.

Severity of PSH

The number of symptoms manifested in individual patients
varied. Tachycardia, hypertension, and sweating were seen
in all the patients. Tachypnea was seen in 24 (82.8 %) patients
and hyperthermia in 28 (96.6 %) patients. Only 13 (44.8 %)
patients had posturing and dystonia during PSH episode.
Thirteen (44.8 %) patients had all six symptoms of PSH si-
multaneously (Table 1). The mean number of days during
which episodes of PSH were seen was 10.7 £ 8 per patient,

Table 1 Severity of

paroxysmal sympathetic Symptom Incidence (%)
hyperactivity (PSH)
symptoms (1 =29) Tachypnea 24 (82.8)
Tachycardia 29 (100)
Hypertension 29 (100)
Sweating 29 (100)
Posturing 13 (44.8)
Hyperthermia 28 (96.6)
Number of symptoms
Four 6 (21)
Five 10 (34.5)
Six 13 (44.8)

and the mean of number of episodes were 25.0 £23.1 per
patient, during hospital stay. The mean number of episodes
per patient per day was 2.2 £0.9. Two patients had 100 epi-
sodes of PSH lasting 25 and 43 days, respectively. There was a
significant difference in heart rate, systolic blood pressure,
respiratory rate, and temperature, in each patient, between
baseline and during episodes of PSH.

Outcome

The in-hospital mortality was five out of 29 (17.2 %). The
mean DRS score at discharge was 25.3 +3.6, indicating ex-
treme vegetative state. The mean duration of ICU stay was
11.9+11.1 days, and hospital stay was 25.6+19.6 days.
Twenty-three (79.3 %) out of 29 patients were available at
follow-up after 6 months of discharge. At the end of 6 months,
14 (60.9 %) patients died, seven (30.4 %) were severely dis-
abled, and two (8.7 %) moderately disabled. None of the pa-
tients with PSH had good recovery. A comparison of patients
with and without PSH was done. There was no difference in
age, gender, admission GCS, CT scan classification of lesions,
and need for surgical evacuation of traumatic mass lesion
between these two groups. However, the patients with PSH
had significantly lower motor scores (3 (2) vs. 4 (3), p=0.03).
There was no difference in in-hospital mortality and duration
of ICU stay, however the duration of hospital stay was
significantly longer in patients with PSH (25.5+19.5 vs.
12.1+11.1 days, p <0.001). On comparing outcome, the pa-
tient with PSH had significantly higher DRS scores at dis-
charge (25.3+£3.6 vs. 19.9+4.7, p < 0.001); higher mortality
at 6 months (60.9 vs. 30.4 %, p <0.001); and higher propor-
tions with unfavorable outcome (death, vegetative state or
severe disability) (91.3 vs. 60.8 %, p <0.001) (Table 2).

With regards to outcome of severity of PSH, a significant
correlation of GOSE with the number of symptoms of PSH
was seen (Spearman’s tho =0.502, p =0.015); however there
was no significant correlation of outcome with mean number
of episodes per day (Spearman’s rho=-0.13, p=0.544),
total number of episodes of PSH (Spearman’s rho =0.005,
p=0.98), and number of days of PSH (Spearman’s
rho=0.07, p=0.79) (Figs. | and 2)

Discussion

Though PSH is a well-known entity, only a few studies have
been published reporting the incidence, clinical features, and
outcome of PSH after severe TBI. In these studies, there has
been a wide variation in the incidence of PSH ranging from 8-
33 %[5, 12]. This could be explained by the lack of consensus
in diagnosis, as isolated symptoms of PSH can be seen in
various conditions like seizures, sepsis, hypoxia, hypoglyce-
mia, and pain [16]. On employing a strict diagnostic criteria,
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Table 2 Comparison of outcome
of patients with and without PSH

we found that the incidence of PSH is not as high, as reported
in some of the studies, indicating that we should avoid over-

Variable PSH positive PSH negative p value
(n=29) (n="179)
Age in years, mean (SD) 33.7 (12.3) 35.4 (10.9) 0.49
Male 27 (93.1 %) 67 (84.8 %) 0.28
Admission GCS, median (1st IQR) 5(4) 6(5) 0.33
Admission motor score, median (1st IQR) 3(2) 4 (3) 0.03
Emergent surgery 26 (89.6 %) 61 (77.2 %) 0.15
Lesions on CT scan
Diffuse (Marshall grade I-1V) 3(10.3 %) 17 (21.6 %) 0.19
Focal (Marshall grades V and VI) 26 (89.7 %) 62 (78.4 %)
In-hospital mortality 5(17.2 %) 16 (20.3 %) 0.73
Duration of ICU stay, mean (SD) 11.9 (11.1) 9.8 (10.8) 0.38
Duration of hospital stay, mean (SD) 25.5(19.5) 12.1 (11.1) <0.001
DRS at discharge, mean (SD) 25.3(3.6) 19.9 4.7) <0.001
Death at 6 months (n=23) 14 (60.9 %) 24 (30.4 %) <0.001
Outcome 6 months (n=23) <0.001
Unfavorable 21 (91.3 %) 38 (60.8 %)
Favorable 2 (8.7 %) 31 (39.2 %)

PSH paroxysmal sympathetic hyperactivity, GCS Glasgow Coma Scale, /OR interquartile range, SD standard

deviation

alternate diagnosis [3].
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Fig. 1 Scatter plot of indicators of severity of paroxysmal sympathetic
hyperactivity (PSH) vs. outcome. a Number of criteria of PSH vs.
outcome. b Number of days of PSH vs. outcome
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Fig. 2 Scatter plot of indicators of severity of paroxysmal sympathetic
hyperactivity (PSH) vs. outcome. a Mean number of episodes of PSH vs.
outcome. b Total number of episodes of PSH vs. outcome
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With regards to the frequency of PSH episodes, the first
report was by Fernandez-Ortega et al. [5, 8]. They observed
that 18 (10.1 %) out of 179 patients with severe TBI experi-
enced PSH, and the frequency of PSH episodes was 5.6 per
day [8]. The frequency was lower in our study with the mean
being 2.27 + 0.88 per day per patient.

The duration of PSH varies between affected individuals,
with PSH lasting up to 7 days post-injury, occurring in
25-33 % of survivors of severe TBI. Fernandez-Ortega et al.
observed that all patients continued to experience episodes
on discharge from the ICU, with 80 % of these resolved at
the 12-month review [8]. Another study reported that 8—14 %
of all severe TBI subjects develop a more prolonged form of
PSH [4]. Though we did not determine the duration of each
episode (other studies reporting a range from few minutes to
2h[8, 11, 18]), the mean duration of PSH was 10.72 = 8 days
in our study. Two of our patients had 100 episodes of PSH
lasting 25 and 43 days, respectively, and both patients were
dead at 6 months.

Although the clinical implications of short-duration
sympathetic hyperactivity are uncertain [2], most reports
associate prolonged PSH following severe TBI with worse
outcome [1, 4, 7]. The cause of increased mortality in
such patients could be non-response to medications, lead-
ing to prolonged duration of PSH, which results in de-
rangement of metabolic profile, malnourishment, and pro-
gressive deterioration of neurological condition. However,
other studies have not identified an association between
the duration of PSH and outcome [9, 10]. Even in our
study, we could not find any correlation of duration of
PSH with outcome.

However, among all the parameters of severity, we
found the number of symptoms to be significantly associ-
ated with outcome; which has not been reported earlier.
We observed that out of ten patients with all six symp-
toms, only one survived with moderate disability at 6-
month follow-up. Probably, the difficulty in managing
all the symptoms simultaneously could have resulted in
higher mortality, indicating that the number of symptoms
is the most important indicator of severity of PSH, rather
than the duration.

The treatment of PSH is not standardized. A number of
medications are used but all have class 3 evidence of effi-
cacy in controlling symptoms of PSH [14, 16]. Whether
the symptom control results in a more favorable outcome
is not known. However, it is logical that sympathetic hy-
peractivity can harm the body, hence symptom control is
the immediate goal particularly in an intensive care setting.
We used clonidine in addition to supportive therapy. As we
did not have a control group of patients with PSH who did
not receive clonidine, we cannot comment on the benefits
of clonidine. Early and aggressive treatment of PSH may
be a subject of future research.

Conclusions

The incidence of PSH in our study was 8 %. The presence of
PSH in patients with severe TBI was associated with
prolonged duration of hospital stay, poorer DRS at discharge,
more deaths, and unfavorable outcome. The number of symp-
toms of PSH had a significant effect on outcome at 6 months.
There is a need for a multicenter study with adoption of
PSH-AM, and to identify the impact of each of the clinical
features on outcome of patients. There is also the need for a
protocol for the management of PSH.
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