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Tracheostomy as a Risk Factor for Paroxysmal Sympathetic Hyperactivity in Severe

Traumatic Brain Injury

Zhenxing Li, Jigang Chen, Danfeng Zhang, Liquan Lv, Lijun Hou

BACKGROUND: Paroxysmal sympathetic hyperactivity
(PSH) is an uncommon complication of severe traumatic
brain injury (sTBI). The clinical risk factors for PSH have
not been fully characterized, especially regarding tra-
cheostomy, which has usually been recommended for
patients with sTBI to facilitate treatment. We examined
the effects of tracheostomy on PSH incidence in patients
with sTBI.

METHODS: The present single-center, retrospective
study included consecutive patients with sTBl who had
been admitted to the Shanghai Changzheng Hospital from
January 1, 2013 to March 31, 2018. The potential risk factors
related to the occurrence of PSH was explored by univar-
iate analysis. Multivariate logistic regression analysis was
conducted to determine the independence of the factors
associated with PSH development.

RESULTS: Of the 120 patients with sTBI, 17 with PSH
were identified (14.16%). We found 3 risk factors were
significantly associated with PSH on univariate and
multivariate analyses: 1) tracheostomy (odds ratio [OR],
5.368; 95% confidence interval [Cl], 1.102—26.151;
P = 0.038); 2) age (OR, 0.916; 95% CI, 0.874—0.960;
P < 0.001); and 3) hydrocephalus (OR, 6.715; 95% CI, 1.708—
26.408; P = 0.006).

CONCLUSIONS: Our results suggest that tracheostomy
is independently associated with an increased incidence
of PSH.

INTRODUCTION
P aroxysmal sympathetic hyperactivity (PSH) has been

recognized as an uncommon complication of severe trau-
matic brain injury (sTBI), and its incidence has ranged
from 8% to 33% in different case series.”> The syndrome consists
of a cluster of symptoms and abnormal vital signs, including
elevated heart rate, blood pressure, respiratory rate, and temper-
ature, sweating and muscle rigidity,* leading to prolonged
hospitalization and increased morbidity and mortality.>®
A consensus on the definition of PSH has been formally estab-
lished to replace such phrases as “paroxysmal autonomic instability
with dystonia” or “sympathetic storm” in 2014.* However, the
pathogenesis of PSH remains largely unknown. Therefore, research
on the pathophysiological mechanism of PSH is imperative.
Multiple factors potentially correlating with the development of
PSH have been analyzed previously, including diffuse axonal injury,
young patient age, and focal and deep intraparenchymal lesions.”
However, the relationship between the use of tracheostomy and
PSH has not yet been clarified. Tracheostomy has been widely used
and has been generally recommended to facilitate treatment and
reduce the duration of mechanical ventilation in patients with sTBL.
However, no conclusive evidence has shown that the use of early
tracheostomy could reduce the incidence of PSH and improve pa-
tients’ prognosis.”'*" In the present study, we evaluated the risk
factors, in particular, the independence of tracheostomy as a prog-
nostic factor for PSH in patients with sTBI.

METHODS

Participants
The present retrospective study included consecutive patients with
sTBI who had been admitted to the neurointensive care unit at the
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Table 1. Clinical Feature Scale for Paroxysmal Sympathetic Hyperactivity Assessment

Score

Variable 0 1 2 3
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 37-379 38—38.9 >39.0
Sweating None Mild Moderate Severe
Posturing during episodes None Mild Moderate Severe
Possible total ranges from 0 to 18.

Shanghai Changzheng Hospital from January 1, 2013 to March 31,
2018. The inclusion criteria were as follows: 1) isolated head injury; 2)
admission Glasgow coma scale (GCS) score of <8; and 3) age >10
years. Patients who died within 24 hours after admission were
excluded. Patients with tumor, epilepsy, cardiovascular disease, or
chronic respiratory disease were also excluded. The research ethics
board of the Shanghai Changzheng Hospital fully approved the
present study.

The diagnostic criteria of PSH included 1) body temperature
>38.5°C, 2) heart rate >140 beats/min; 3) respiratory rate >20
breaths/min; 4) systolic pressure >140 mm Hg; 5) sweating; and
6) muscle rigidity. Patients were identified as having PSH if any 4
of 6 symptoms were present. The PSH assessment measure pro-
posed by the consensus was also applied to confirm the diagnosis
of PSH.* The PSH assessment measure consisted of the clinical
feature scale and diagnosis likelihood tool. Patients with a
combined score from the diagnosis likelihood tool and clinical
feature scale of >8 were considered to possibly, and those with
a combined score of >17 to likely, have PSH (Tables 1-3).

Outcome Variables

The patients were divided into the PSH group and non—PSH group
according to the development of PSH. The collected clinical vari-
ables included sex, age, mode of injury, history of hypertension,
admission GCS score, admission computed tomography (CT)
findings, hydrocephalus, emergency neurosurgery, tracheostomy,
mechanical ventilation, and duration of mechanical ventilation. The
patients’ medical history was identified from the medical records
and unit care records. Emergency neurosurgery included removal of
intracranial hematoma and decompressive craniectomy in the first
24 hours after admission. Tracheostomy was performed by trained
surgeons in the neurointensive care unit using an open surgical
procedure. The patient was positioned with neck moderately
extended; 2% lidocaine (10 mL) was usually injected for local
anesthesia. A 3—5-cm vertical skin incision initiated below the
inferior cricoid cartilage was required. The strap muscles were
retracted laterally, and the thyroid isthmus was retracted superiorly
or inferiorly or divided. A sideways “H” incision at the level of the
second tracheal ring was created.”"? Finally, the endotracheal tube
was carefully placed.

Statistical Analysis

Statistical analysis was conducted with SPSS, version 24.0, software
(IBM Corp., Armonk, New York, USA). We performed a univariate
analysis to assess the relationships between the clinical variables
and the development of PSH. We used the Mann-Whitney U test for
the quantitative variables and the 7 test for qualitative variables.
Multivariate analysis was also conducted using logistic regression
model to determine the factors independently associated with the
development of PSH. Odds ratios (ORs) with the corresponding
95% confidence intervals (CIs) were evaluated after adjustment for

Table 2. Diagnosis Likelihood Tool for Paroxysmal Sympathetic

Hyperactivity Assessment

Score If Finding
Diagnosis Likelihood Tool Present
Clinical features occur simultaneously 1
Episodes are paroxysmal in nature 1
Sympathetic overreactivity to normally 1
nonpainful stimuli
Features persist >3 consecutive days 1
Features persist >2 weeks after brain 1
injury
Features persist despite treatment of 1
alternative differential diagnoses
Medication administered to decrease 1
sympathetic features
>2 Episodes daily 1
Absence of parasympathetic features 1
during episodes
Absence of other presumed cause of 1
features
Antecedent acquired brain injury 1
Possible total "
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Table 3. Diagnostic Likelihood of Paroxysmal Sympathetic

Hyperactivity Stratified by Combined Score

PSH Diagnostic Likelihood Combined Total Score

Unlikely <8
Possible 8—16
Probable >17

PSH, paroxysmal sympathetic hyperactivity.

confounding factors. P < 0.05 was considered to indicate statistical
significance.

RESULTS

A total of 120 patients with sTBI were included in the present study, 17
(14.16%) of whom developed PSH. The median age in the PSH group
was 31 years and was 59 years in the non—PSH group. The difference
between the 2 groups was statistically significant (P < 0.001). Sex,
hypertension history, and mode of injury proved not to be related to
the development of PSH (Tahle 4). The median admission GCS score
in the PSH group was lower than that in the non-PSH group. How-
ever, the difference was not statistically significant (5; range, 4—06; vs.
6, range, 4—7; P = 0.328). The PSH group tended to have more diffuse
lesions compared with the non-PSH group according to the admis-
sion CT findings, although the results were not statistically signifi-
cant (P = o0.549; Table 4). Similarly, we found no statistically
significant differences in the requirement for emergency
neurosurgery or mechanical ventilation or duration of mechanical
ventilation between the 2 groups (P = 0.100; P = 0.247; and
P = 0.278, respectively; Table 4).

The use of tracheostomy was more frequent in the PSH group
than in the non-PSH group, with a statistically significant differ-
ence (82.4% vs. 45.6%; P = 0.005). In addition, the presence of
hydrocephalus was greater in the PSH group than in the non-PSH
group (64.7% vs. 15.5%; P < o.oo1; Table 4).

Variables with significant results on univariate analysis (i.e., age,
tracheostomy, hydrocephalus) were included in the multivariate
analysis to determine the independent risk factors for PSH. Several
insignificant variables (e.g., sex, emergency neurosurgery, admis-
sion GCS score, and admission CT findings) were also included in
the logistic regression model. Although these variables were not
statistically significant on univariate analysis, they were considered
clinically to be related to the outcome. The results of the logistic
regression analysis showed that tracheostomy (OR, 5.368; 95% CI,
1.102—26.151; P = 0.038), age (OR, 0.916; 95% CI, 0.874—0.960;
P < o0.001), and hydrocephalus (OR, 6.715; 95% CI, 1.708—26.408;
P = 0.006) were independently associated with the development of
PSH after sTBI (Table 5).

DISCUSSION

Many studies have investigated the clinical and prognostic impli-
cations of PSH, which has been widely recognized as an uncommon
complication of sTBI that can result in great damage.®’* However,
the causes of PSH remain largely unknown, and relevant in-
vestigations have been rare. Some investigators have proposed that

the development of PSH might be related to an abnormality in
connectivity within the central autonomic network, although more
detailed neuroanatomical and pathophysiological evidence was
absent. Therefore, studies focusing on the risk factors for PSH
would contribute to improved clinical decisions and the reduction
of mortality and morbidity of patients with sTBL.

Several factors have been reported to be associated with the
development of PSH such as age, early fever, and GCS score.®®
However, the association between the use of tracheostomy and
PSH has rarely been studied. Tracheostomy is an effective method to
provide a relatively stable airway and has been recommended for
patients with sTBI (level IIA evidence, version 2017).""® The ben-
efits of tracheostomy include improved comfort, reduced oropha-
ryngeal stimulation, and a decreased risk of ventilator-associated
pneumonia.”” In contrast, the adverse complications of
tracheostomy have included bleeding, posterior tracheal
perforation, and other airway injuries.”®"® However, little atten-
tion has been given to the development of PSH caused by trache-
ostomy. Ringrose et al.** analyzed the data from patients with TBI
who had undergone tracheostomy and compared the duration of
tracheostomy weaning and influential characteristics between
those with and without PSH. They concluded that PSH might be
associated with prolonged tracheostomy weaning. We analyzed
the data from patients with sTBI who had or had not undergone
tracheostomy and explored the role of tracheostomy on PSH
development. According to the univariate analysis, tracheostomy
was more frequent in the PSH group than in the non-PSH group,
with a statistically significant difference. Multivariate analysis also
identified tracheostomy as an independent risk factor of PSH.

The mechanism behind the significant relationship between the
use of tracheostomy and the presence of PSH is unclear. Studies
have suggested that hypoxia in those with sTBI was common®" and
that the occurrence of PSH mostly resulted from the presence of
cerebral hypoxia.** Nevertheless, to the best of our knowledge, no
clinical and animal studies have focused on the relationship
between the presence of hypoxia and PSH. One study reported the
therapeutic effects of hyperbaric oxygen therapy for patients with
PSH and TBL.”® Because hyperbaric oxygen therapy could increase
oxygen availability and improve cerebral aerobic metabolism for
injured brain tissue,** the potential relationship between PSH and
hypoxia secondary to sTBI requires investigation. We speculated
that patients with PSH who experienced tracheostomy usually
already had cerebral hypoxia. Although the tracheostomy could
effectively ameliorate cerebral hypoxia, the irreversible neurologic
damage caused by the presence of previous hypoxia could still
have affected the development of PSH. Therefore, the need for
tracheostomy might be a reflection of sustained hypoxic brain
injury, which correlated with PSH occurrence after sTBI.

According to the results of our univariate analysis, patients with
PSH seemed to have a lower admission GCS score, suggesting that
patients who require tracheostomy are more likely to have severe
brain injury and severely depressed consciousness. ®** Suction is a
routine clinical procedure for patients with a tracheostomy in
place.®*” We have assumed that frequent suction could trigger
pain or other stimulation, which might lead to activation of the
sympathetic nervous system. Although we have proposed some
assumptions, the independent role of tracheostomy in the devel-
opment of PSH lacks proof of causation. Therefore, the molecular
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Table 4. Patient Demographic Characteristics and Clinical Findings
Variable Total (n = 120) PSH Group (n = 17) Non-PSH Group (n = 103) P Value
Age (years) <0.001
Median 56.5 31 59
IQR 42—64 20-52 45—66
Male sex 97 (80.8) 13 (76.5) 84 (81.6) 0.622
Hypertension history 31(25.8) 2(11.8) 29 (28.2) 0.153
Mode of injury
Traffic accident 74 (61.7) 10 (58.8) 64 (62.1) 0.795
Fall 20 (16.7) 3(17.8) 17 (16.5) 0.907
Other/unknown 26 (21.7) 4 (235) 22 (21.4) 0.841
Admission GCS score 0.328
Median 515 5 6
IQR 47 4—6 4—7
Admission CT findings 0.549
Focal lesion 85 (70.8) 11 (64.7) 74 (71.8)
Diffuse lesion 35(29.2) 6 (35.3) 29 (28.2)
Hydrocephalus 27 (22.5) 11 (64.7) 16 (15.5) <0.001
Emergency neurosurgery 106 (88.3) 13 (76.5) 93 (90.3) 0.100
Tracheostomy 61 (50.8) 14 (82.4) 47 (45.6) 0.005
Mechanical ventilation 23 (19.2) 5(29.4) 18 (17.5) 0.247
Mechanical ventilation duration (days) 0.278
Median 0 0 0
IQR 0-0 0-2 0-0
PSH, paroxysmal sympathetic hyperactivity; IQR, interquartile range; GCS, Glasgow coma scale; CT, computed tomography.

biological mechanism and pathophysiological process requires
further investigation. Also, more attention and special care should
be given to patients with sTBI and tracheostomy to avoid adverse
outcomes. In addition, our study has provided a certain reference
value for tracheostomy weaning. Because no agreement has been
reached regarding the optimal timing of tracheostomy dec-
annulation,”® we would recommend early tracheostomy weaning
for patients with sTBI who develop PSH.

In the present study, other variables were also found to be in-
dependent risk factors for PSH development, including patient age
and hydrocephalus. Young patients seemed to have a high risks of
PSH, similar to the results from other studies.'**° However, we
found no reasonable explanation for the age difference. Moreover,
we detected that the presence of hydrocephalus was related to the
development of PSH. This result was also in line with previous
clinical findings.® It has been controversial regarding whether the
admission GCS score is an independent risk factor for PSH.*° Our
results did not support the independent value of admission GCS
score for PSH, which might have been related to the rapidly
deteriorating course. Also, the admission GCS score was unable to
respond to subsequent progress of the disease for patients with

sTBI. Also, the admission CT findings had no significant rela-
tionship with the development of PSH in our study, although the
PSH group did show a tendency to have more diffuse lesions than
those in the non-PSH group, in accordance with previous re-
ports.” In terms of the limited sensitivity to the diagnosis of
diffuse axonal injury, future studies that include magnetic
resonance imaging findings would be valuable.

Table 5. Multivariate Analysis Results of Variables Related to

Paroxysmal Sympathetic Hyperactivity Development

WORLD NEUROSURGERY 123: E156-E161, MarcH 2019

Variable OR 95% CI P Value
Age 0.916 0.874—0.960 <0.001
Hydrocephalus 6.715 1.708—26.408 0.006
Tracheostomy 5.368 1.102—26.151 0.038
OR, odds ratio; Cl, confidence interval.
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The treatment of PSH has not yet been standardized.*° For PSH-
related tracheostomy, intravenous morphine (1—2 mg every 1—2
hours as needed) or labetalol (10—20 mg every 1—2 hours, as
needed) in the acute phase, followed by intragastric propranolol
(20—80 mg 3 times daily) or gabapentin (100—goo mg 3 times
daily) in the stable phase, has been recommended. A recent study
suggested the use of intrathecal baclofen to treat PSH, combined
with other conventional oral drugs, such as oral baclofen and oral
propranolol.®” Intrathecal pharmacotherapy might be a novel
strategy because of its rapid-onset mechanism. In addition,
frequent suctioning of the tracheostomy might lead to undesirable
consequences. Although a plastic cannula is more flexible for
connecting to the ventilator, it seems more likely to become
occluded by sputum compared with a metal cannula. Therefore,
we believe a metal cannula should be used, if available.

The present study had several limitations that should be noted.
First, ours was a retrospective study, which could have resulted in
bias caused by patient selection and the clinical findings. Second,
although we analyzed several factors that could affect the occur-
rence of PSH, other related factors such as the magnetic resonance

imaging characteristics and the presence of infection were not
explored owing to incomplete medical record data. Moreover, the
sample size was relatively small and the representativeness of our
findings limited. Therefore, to validate the value of tracheostomy
in predicting the development of PSH after sTBI, more prospec-
tive, multicenter studies with a greater number of participants are
needed.

CONCLUSIONS

Our findings have shown that the use of tracheostomy might be
independently associated with an increased incidence of PSH.
Patients with tracheostomy after sTBI should be carefully moni-
tored to reduce the damage caused by PSH.
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