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hyperactivity (PSH) on the functional
outcome of neurological early rehabilitation
patients: a case control study
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Abstract

Background: Paroxysmal Sympathetic Hyperactivity (PSH) is a frequently observed condition among critically ill
patients on intensive care units. According to different studies, PSH is associated with worse recovery and increased
mortality in acute-care facilities. In this monocentric, retrospective case-control study, we investigated whether this
association also applies to post-acute neurological early rehabilitation.

Methods: The study included n = 387 patients, admitted to an intensive care or intermediate care unit within 1
year (2016). Among these, 97 patients showed clinical signs of PSH. For each patient with PSH, a patient without
PSH was identified, controlling for age, gender, functional and respiratory status upon admission. However, for 25
patients with PSH, there was no suitable control patient fulfilling all defined matching criteria. Primary outcome was
type of discharge, dichotomized into favorable (follow-up rehabilitation) and unfavorable outcome (all others).
Secondary outcome measures were functional and respiratory status, number of secondary diagnoses, duration of
treatment interruptions and length of stay at discharge.

Results: About 25% of neurological early rehabilitation patients showed clinical signs of PSH. A young age (OR =
0.94; CI = 0.91–0.97) and less severe PSH symptoms (OR = 0.79; CI = 0.69–0.90) were independent predictors of a
favorable outcome. In addition, severity of PSH symptoms was associated with weaning duration, while the
occurrence of PSH symptoms alone had no influence on most secondary outcome variables. The treatment on
intermediate care units proved to be longer for patients with PSH symptoms, only.

Conclusions: Patients with PSH represent a large group of neurological early rehabilitation patients. Overall, we did
not find PSH-related differences in most of the examined outcome measures. However, severe PSH symptoms
seem to be associated with poorer outcome and longer treatment on intermediate care units, in order to prevent
possible complications.
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study
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Background
Paroxysmal Sympathetic Hyperactivity (PSH) is a frequently
observed condition during neurological early rehabilitation.
Major symptoms include tachycardia, hyperthermia, arterial
hypertension, tachypnea, excessive sweating, flexion or ex-
tension synergisms with increased muscle tone [1, 2]. Occa-
sionally, further minor symptoms such as myoclonus [1, 2],
mydriasis [3], abdominal disorders (constipation or diarrhea)
[4], hypersalivation, increased bronchial secretion, hyper-
activity, psychomotor agitation [5], blood sugar and meta-
bolic fluctuations [6], as well as flush and goose skin may be
observed [2]. Due to this variety of symptoms, various terms
have been used to describe this pathology over the last 25
years. Autonomic dysfunction syndrome, autonomic or sym-
pathetic storming, dysautonomia, brainstem attack, hyperpy-
rexia associated with muscle contraction, hypothalamic-
midbrain dysregulation syndrome, acute midbrain syndrome,
diencephalic seizure, paroxysmal autonomic instability with
dystonia or sympathetic hyperactivity [5, 7, 8] are common
terms for PSH. In this paper, the unifying term “Paroxysmal
Sympathetic Hyperactivity” is used, which was proposed by
an expert consensus group [1].
Currently, the most commonly proposed pathophysio-

logical mechanism causing PSH is a functional disruption
or an unbalanced activation of systems subserving auto-
nomic control [9]. Early studies focused on increased di-
encephalic activity [4, 7, 8], either by direct activation or
disinhibition. Most recently, Baguley and colleagues [10]
proposed the Excitatory Inhibitory Ratio (EIR) model. This
model provides an explanation for the hypersensitive reac-
tions to external stimuli in patients with PSH [9]. Affer-
ents from the spinal cord may disturb the equilibrium
through inputs, such as external stimuli [10–12]. The EIR
model suggests that the afferent stimuli from the spine
have an allodynic tendency (i.e. pain outlasts the external
stimulus), which is normally controlled by tonic inhibitory
activity of diencephalic structures. A disturbance of these
inhibitory structures or of the inhibitory influence on mes-
encephalic structures could disrupt the control of the allo-
dynic tendency. Once the tonic inhibitory cycle is
impaired, there is a positive feedback loop that causes
sympathetic overactivity to afferent input [11].
According to several studies, symptoms of PSH occur pre-

dominantly among young and male patients with traumatic
brain injuries (TBI) (79%) [13, 14]. Although existing publica-
tions reported an incidence of PSH between 7.7 and 33% [9],
the real incidence of PSH is probably much higher. Baguley
and colleagues [11] report that PSH is mainly present within
the first week after admission (92%) to the intensive care unit
(ICU) and declining during the second week (24%) and be-
yond that period (8%). However, existing publications do not
necessarily reflect the true incidence of PSH.
The aim of the present study is to determine the inci-

dence of PSH in patients during neurological early

rehabilitation and to investigate the influence of PSH on
the outcome of these patients in dependence of severity
of PSH.

Methods
The study was conducted at the BDH-Clinic Hessisch
Oldendorf, a neurological rehabilitation center in North-
ern Germany with a large intensive care unit (24 beds),
three intermediate care units (38 beds) and five peripheral
wards (104 beds). The center offers treatment in all phases
of neurological rehabilitation under one roof, ranging
from acute care treatment (phase A), neurological early
rehabilitation (phase B), subsequent rehabilitation (phase
C and D) to occupational rehabilitation (phase E).
Neurological early rehabilitation is a specialized treat-

ment for patients suffering from severe neurological disor-
ders of the central and peripheral nervous systems. In the
German phase model of neurological rehabilitation [15],
neurological early rehabilitation corresponds to phase B,
in which intensive care treatment options are still re-
quired. Phase B begins as soon as the acute medical treat-
ment (phase A) is over. In case of substantial functional
improvements, patients enter subsequent inpatient re-
habilitation. When there is no functional gain for a couple
of weeks (maximum observation period 2 months), early
rehabilitation ends and the patient is discharged to home
care or a nursing home.

Data collection
All neurological early rehabilitation patients admitted to
an intensive care or intermediate care unit within 1 year
were enrolled in the study (n = 387). Each patient was
screened for the presence of PSH symptoms using the
PSH-Assessment Measure (PSH-AM) proposed by Bagu-
ley and colleagues [1], which consists of two subscales. In
the Clinical Feature Scale (CFS), specific clinical features
of PSH (heart rate, respiratory rate, systolic blood pres-
sure, temperature, sweating and posturing) are examined
and assigned 0 to 3 points (see Table 1). Subsequently, the
sum of the Clinical Feature Scale for the six features is
used to determine a severity score (0 = nil; 1–6 =mild; 7–
12 =moderate; ≥13 = severe). The Diagnosis Likelihood
Tool (DLT), addressing the specificity of the diagnosis,
consists of 11 diagnostic items. The presence of an item is

Table 1 Clinical Feature Scale [1]

Value 0 1 2 3

Heart rate (bpm) <100 100–119 120–139 ≥140

Respiratory rate (respiration/min) <18 18–23 24–29 ≥30

Systolic blood pressure (mm Hg) <140 140–159 160–179 ≥180

Temperature (°C) <37 37–37.9 38–38.9 ≥39.0

Sweating nil mild moderate severe

Posturing nil mild moderate severe
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scored as one, while the absence is scored as zero. Finally,
the sum of both scores (CFS + DLT) is calculated and used
to determine the likelihood of PSH (< 8 = unlikely; 8–16 =
possible; ≥17 = probable).
For n = 97 patients clinical signs of PSH were identified

(25% of all phase B patients admitted to intensive care or
intermediate care units). In a next step, control patients
without clinical signs of PSH (PSH-) were identified for
each patient with PSH symptoms (PSH+). The following
criteria were used for the matching process: age (±15
years), gender, Early Rehabilitation Index (±50 points),
Barthel Index (±10 points) and mechanical ventilation
(yes/no) upon admission. In total, 72 matched pairs were
created. Thus, 144 patients were included in the study.
For 25 patients with PSH, no suitable control patient ful-
filling all defined matching criteria could be found. Espe-
cially the combination of low (< 30 years) or high (> 75
years) ages with low functional status upon admission
proved to be a difficult match criterion.
Patient data, including demographic data (age, sex) and

main diagnosis were retrospectively extracted from elec-
tronic patient records. To assess the functional status,
the Barthel Index [16] and the Early Rehabilitation Index
[17] were determined upon admission and at the end of
phase B treatment. The Barthel Index, a measure for activ-
ities of daily life, is one of the most common scores in
neurological rehabilitation. The functional independence is
assessed with ten ordinal-scaled items resulting in a score
of 0 to 100 (with 0 being completely dependent and 100 be-
ing completely independent from nursing). As an extension
to the Barthel Index, the Early Rehabilitation Index ad-
dresses aspects important among neurological early re-
habilitation patients. In particular, the following criteria are
rated: intensive care supervision, tracheostoma, mechanical
ventilation, orientation disorder, behavioral disorder endan-
gering oneself or others, severe impairment of communica-
tion, and dysphagia. If a criterion is fulfilled, − 25 points
(communication impairment) or − 50 points (all other cri-
teria) are assigned (range: − 325 to 0 points).

In addition to these scales, an ICF core set consisting
of 20 ICF items was used (see Table 2). The core set was
developed and validated by Rollnik [18] as proposal for an
ICF-compliant documentation of functional status, as well as
for the definition and planning of therapeutic goals in neuro-
logical rehabilitation. The severity of each item was scored
zero (“no impairment”) to four (“complete impairment”)
upon admission and at the end of phase B treatment. ICF
data upon admission were only analyzed in n= 138 cases
when scores from PSH+ and the according PSH- patient
were available (n= 69 for each group). ICF data at the end of
phase B treatment were analyzed in n= 50 cases (25 in each
group). The main reason for missing endpoint ICF data is
that ICF items are only filled out in case of planned dis-
charges. Thus, patients who were transferred to acute hospi-
tals or who died did not have an endpoint ICF assessment.
In addition, patients entering subsequent rehabilitation have
not been assessed with ICF, either. In these cases, an ICF as-
sessment is done at the end of subsequent rehabilitation
(phase C or D) and thus are not comparable to patients at
the end of phase B treatment.

Outcome measures
For the primary outcome measure, the type of discharge
was dichotomized into favorable (follow-up rehabilitation)
vs. unfavorable (acute care hospital, nursing at home,
nursing home, in-hospital death) outcome. Secondary out-
comes included functional improvements (Early Rehabili-
tation Index, Barthel Index), respiratory status, number of
secondary diagnoses (as measure for comorbidity), dur-
ation of treatment interruptions as well as length of stay at
the end of phase B treatment.

Statistical analyses
For statistical analyses, the SPSS software package (ver-
sion 24.0) was used. Since most of the data was not nor-
mally distributed, non-parametric statistical methods
were used. Group differences were evaluated with the
Mann-Whitney U test for metric data and with χ2 tests

Table 2 ICF core set proposed by Rollnik [18] for use in neurological rehabilitation

Code Part 1: Body Functions Code Part 2: Activities and Participation

b110 Consciousness functions d310 Communicating with - receiving - spoken messages

b114 Orientation functions d330 Speaking

b126 Temperament and personality functions d440 Fine hand use

b130 Energy and drive functions d445 Hand and arm use

b140 Attention functions d450 Walking

b144 Memory functions d465 Moving around using equipment

b152 Emotional functions d550 Eating

b156 Perceptual functions d560 Drinking

b164 Higher-level cognitive functions d599 Self-care, unspecified

b440 Respiration functions d850 Remunerative employment
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for categorical data. Differences between outcome mea-
sures upon admission and at the end of phase B treat-
ment were tested with the non-parametric Wilcoxon
test for dependent samples. The Spearman correlation
coefficient was used to detect linear relationships. Binary
logistic regression models were used to examine which
factors predict favorable outcome. All variables available
upon admission (age, gender, time since injury, respira-
tory and functional status and main diagnosis) as well as
the score of the clinical feature scale as indicator of PSH
severity were tested by forward binary logistic regression
for their predictive value of the primary outcome meas-
ure (favorable vs. unfavorable outcome).
While categorical variables are presented as percent-

ages, continuous variables are expressed as medians
(Md) and interquartile ranges ([IQR], 25th and 75th per-
centiles). For graphical representations, mean values and
standard errors are used. Two-tailed p value <.05 was
considered significant.

Results
Baseline characteristics for the total study group and
both study groups are presented in Table 3. One hun-
dred forty-four patients with a median age of 58 years
(IQR = 49–66) were enrolled in the study (39 female,
105 male). The most frequent main diagnosis was intra-
cerebral hemorrhage (n = 40; 27.8%), followed by trau-
matic brain injury (n = 31; 21.5%), stroke (n = 25; 17.4%)
and hypoxic encephalopathy (n = 18; 12.5%). Other diag-
noses, such as polyneuropathies, tumors, inflammatory
diseases and epilepsy were summarized in the category
“other” due to the low number of cases in each category
(n = 30; 20.8%). The distribution of main diagnoses dif-
fered between both groups (χ2 = 16.306, p = .003). While

more patients without PSH symptoms were diagnosed
with stroke (χ2 = 8.180, p = .004) or assigned to the cat-
egory “other” (χ2 = 4.211, p = .040), patients with PSH
symptoms tended to suffer more frequently from trau-
matic brain injuries (χ2 = 3.330, p = .068). The median
time from brain injury to admission was 21 days (IQR= 15–
29). One hundred twenty patients were admitted to the in-
tensive care unit (83.3%) and 24 patients (16.7%) to an inter-
mediate care unit. There were no differences in terms of age,
gender, ventilation and functional status (Early Rehabilitation
Index and Barthel Index) upon admission (Table 3).

PSH symptoms
Table 4 presents results of the Clinical Feature Scale sep-
arately for PSH+ and PSH- group. In the PSH+ group,
the median heart rate was 122 bpm (IQR = 102–139), re-
spiratory rate 37/min (IQR = 30–45), systolic blood pres-
sure 178mmHg (159–197) and temperature 38.1 °C
(IQR = 37.4–38.7). The most frequent clinical features
were severe tachypnea (n = 57; 79.2%) and hypertension
(n = 34; 47.5%), followed by moderate hyperthermia (n =
27; 37.5%) and tachycardia (n = 24; 38.3%), excessive
sweating (n = 26; 36.1%) and severe flexion or extension
synergisms with increased muscle tone (n = 12; 16.7%).
Median values of patients in the PSH- group were sig-
nificantly different for each category (see Table 4). The
following symptoms, which are less frequently described
in the literature, were also present in the PSH+ group:
abdominal disorders (n = 51; 70.8%), electrolyte imbal-
ances (n = 49; 68.1%), psychomotor agitation (n = 38;
52.8%), hypersalivation (n = 35; 48.6%), blood sugar fluc-
tuations (n = 24; 33.3%) and myoclonus (n = 17; 23.9%).
The median score of the Clinical Feature Scale was 10

(IQR = 7–13) in the PSH+ group. According to the

Table 3 Baseline characteristics stratified by PSH group

Total PSH+ PSH- p value

Number of subjects 144 72 72

Age, y (Md; IQR) 58 (49–66) 57 (48–66) 60 (50–67) .421a

Male sex (n; %) 106 (73.6%) 53 (73.6%) 53 (73.6%) 1.000b

Tracheal cannula (n; %) 136 (94.4%) 68 (94.4%) 68 (94.4%) 1.000b

Ventilated (n; %) 116 (80.6%) 58 (80.6%) 58 (80.6%) 1.000b

Time post-injury, d (Md; IQR) 21 (15–29) 19 (14–29) 23 (16–30) .119a

Main diagnosis (n; %)

Intracerebral hemorrhage 40 (27.8%) 24 (33.3%) 16 (22.2%) .137b

Traumatic brain injury 31 (21.5%) 20 (27.8%) 11 (15.3%) .068b

Stroke 25 (17.4%) 6 (8.3%) 19 (26.4%) .004b

Hypoxic encephalopathy 18 (12.5%) 12 (16.7%) 6 (8.3%) .131b

Other 30 (20.8%) 10 (13.9%) 20 (27.8%) .040b

ERI (median; IQR) − 150 (− 175;−150) −150 (−175;-150) -150 (−175;-150) .650a

BI (median; IQR) 10 (10–10) 10 (10–10) 10 (10–10) .631a

aMann-Whitney U test; b χ2 test. ERI = Early Rehabilitation Index; BI=Barthel Index
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classification of Baguley and colleagues [2], 16 patients
(22.2%) showed mild, 34 patients (47.2%) moderate and
22 patients (30.6%) severe clinical signs of PSH. Table 5
shows the results of the Diagnosis Likelihood Tool. Pa-
tients of the PSH+ group exhibited on average eight
symptoms (IQR = 6–9). The median sum of the Clinical
Feature Scale and the Diagnosis Likelihood Tool was 18
(IQR = 13–22) in the PSH+ group. Thus, 29 PSH+ pa-
tients (40.3%) had a “possible” and 43 PSH+ patients
(59.7%) a “probable” likelihood of PSH.

Primary outcome measure
The primary outcome parameter of the study was the type
of discharge at the end of neurological early rehabilitation,
dichotomized into favorable vs. unfavorable outcome. Pa-
tients were assigned to the favorable outcome group when
they entered subsequent inpatient rehabilitation due to func-
tional improvements (n= 33; 22.9%). Patients who died (n=
7, 4.9%), those who were transferred to an acute-care

hospital (n= 21; 14.6%) or a nursing home (n= 72; 50.0%)
were assigned to unfavorable outcome group. Discharge to
nursing at home was also considered as unfavorable out-
come (n= 11; 7.6%). Thus, n= 33 patients (22.9%) were con-
sidered to have a positive outcome and n= 111 patients
(77.1%) to have a negative outcome at the end of phase B
treatment. In the whole group, occurrence of PSH symptoms
had no influence on the discharge type. In a binary regres-
sion model with all variables available upon admission (see
Table 3), a low age (OR= 0.94; CI = 0.91–0.97) and a low
PSH severity (OR= 0.79; CI = 0.69–0.90) independently pre-
dicted a favorable outcome. However, these variables explain
24.5% of the variance of the outcome parameter (Nagelkerkes
R2= 0.245; p < .001), only.

Secondary Outcome Measures
Table 6 presents data of secondary outcome measures for
the total study group and both PSH groups. PSH during
neurological early rehabilitation was not associated with

Table 4 Results of the Clinical Feature Scale (CFS) [1] stratified by PSH group

PSH+ PSH- p value

Heart rate (Md, IQR) 122 (102–139) 103 (89–111) <.001a

Respiratory rate (Md, IQR) 37 (30–45) 21 (16–25) <.001a

Systolic blood pressure (Md, IQR) 178 (159–197) 144 (125–165) <.001a

Temperature (Md, IQR) 38.1 (37.4–38.7) 37.5 (37.1–38.0) .002a

Sweating (n,%)

1: mild 8 (11.1) 13 (18.1%) <.001b

2: moderate 14 (19.4) 4 (5.6%)

3: severe 26 (36.1) –

Posturing (n,%)

1: mild 7 (9.7) 7 (9.7) .002b

2: moderate 7 (9.7) 3 (4.2%)

3: severe 12 (16.7) –

Clinical Feature Scale (Md, IQR) 10 (7–13) 5 (3–6) <.001a

aMann-Whitney U test; b χ2 test

Table 5 Results of the Diagnosis Likelihood Tool (DLT) [1] for patients with PSH symptoms

Symptom n (%)

Clinical features occur simultaneously 66 (91.7)

Episodes are paroxysmal in nature 42 (58.3)

Sympathetic over-reactivity to normally non painful stimuli 48 (66.7)

Features persist ≥3 consecutive days 25 (34.7)

Features persist ≥2 weeks post-brain injury 66 (91.7)

Features persist despite treatment of alternative differential diagnosis 49 (68.1)

Medication administered to decrease sympathetic features 70 (97.2)

≥2 episodes daily 27 (37.5)

Absence of parasympathetic features during episodes 29 (40.3)

Absence of other presumed cause of features 50 (69.4)

Antecedent acquired brain injury 66 (91.7)
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increased complications, higher comorbidity, and mortal-
ity. One hundred thirty-six patients (94.4%) had a tracheal
cannula (68 patients in each group) for a median duration
of 34 days (IQR = 20–52). Weaning from tracheal cannula
was successful in 31 cases (43.1%) in the PSH+ group and
in 33 cases (45.8%) of the PSH- group (Z = 0.118;
p = .731). Mechanical ventilation lasted 280 h on average
(IQR = 137–521). The duration of mechanical ventilation
was influenced by the severity of PSH symptoms (Z =
6.685, p = .035). In detail, mild PSH symptoms (Md = 136
h; IQR = 109–285) were associated with a shorter ventila-
tion period than moderate (Md = 308 h; IQR = 138–567;
Z = -2.060, p = .038) and severe (Md = 369 days; IQR =
231–602; Z = -2.630, p = .007) PSH symptoms. Weaning
from mechanical ventilation was successful in 90 cases
(80.6%). The longer patients were dependent on mechan-
ical ventilation, the longer they stayed on ICU (r = 0.851,
p < .001). This relationship, however, was influenced by
age: A younger age was associated with a shorter ventila-
tion period (r = 0.246, p = .003), which in turn shortened
the length of stay on ICU (r = 0.200; p = .016).
In total, patients were treated for 75 days (IQR = 46–

108) in phase B rehabilitation. A detailed analysis separ-
ately for the different wards revealed that PSH symp-
toms were associated with prolonged length of stays on
intermediate care units (Z = -2.083; p = .037). While
most patients were treated continuously (n = 89; 61.8%),
55 patients (38.2%) had at least one interruption (one
interruption: n = 41; two interruptions: n = 12; three in-
terruptions: n = 1). Median duration of all interruptions
was 7 days (IQR = 5–14). In all cases, patients were
transferred to acute-care hospitals. Main reasons were
implantations of shunts or drug pumps, replacement of
bone flap (skull), wound management or treatment of
other complications.
Figure 1 shows that the functional status of both

groups (PSH+/PSH-) improved during phase B treat-
ment. Group differences, however, were not observed at
the end of phase B treatment. Due to these results, ICF

data were studied for a deeper analysis of the course of
rehabilitation, although they were not used as criteria for
the formation of matched pairs. Unfortunately, patients
with PSH had significantly worse scores in about half of
all items upon admission (Fig. 2). However, both groups
showed significant improvements in most variables. At
the end of phase B treatment, no group differences were
observed anymore.

Subgroup analysis for patients with severe PSH
symptoms
A severity-related analysis revealed that patients with se-
vere PSH symptoms (n = 22) were more likely to have an
unfavorable outcome compared to control patients (χ2 =
9.778, p = .002). This was due to the fact that few control
patients (n = 8) entered subsequent rehabilitation (Fig.
3). In addition, patients with severe symptoms of PSH
were treated significantly longer on intermediate care
units (54 vs. 26 days; Z = -2.009; p = .045) and showed
less progress in functional measures (Barthel Index: 5 vs.
22 points; Z = -2.548, p = .016) than controls. Time until
withdrawal of tracheal cannula was longer for patients
with severe PSH symptoms (59 days) than patients with
moderate PSH symptoms (34 days; Z = -2.101, p = .036).
The severity of symptoms was also associated with age
(Z = 10.789, p = .005). Patients with severe PSH symp-
toms were younger (48 years) than patients with mild
(56 years; Z = -2.485, p = .012) and moderate (60 years;
Z = -3.097, p = .002) symptoms. Other measures upon
admission (gender, main diagnosis, ventilation, time
post-injury, functional status) were not modulated by
the severity of PSH symptoms.

Discussion
The aim of this study was to investigate the influence of
PSH symptoms on different outcome measures and
whether this association is influenced by the severity of
PSH symptoms. For this purpose, patients with and
without PSH symptoms were studied in a matched case-

Table 6 Secondary outcome measures stratified by PSH group

Total PSH+ PSH- p value

Number of subjects 144 72 72

Duration of tracheal cannula, d (Md; IQR) 34 (20–52) 35 (25–49) 27 (14–55) .182a

Duration of ventilation, h (Md; IQR) 280 (137–521) 296 (131–519) 268 (139–667) .947a

Successful weaning (n; %) 90 (62.5%) 45 (62.5%) 45 (62.5%) 1.000b

Secondary diagnoses, n (Md; IQR) 32 (27–36) 33 (27–35) 32 (25–37) .792a

Duration of interruptions, d (Md; IQR) 7 (5–14) 7 (5–13) 7 (4–15) .841a

Length of stay, d (Md; IQR) 75 (46–108) 77 (56–110) 73 (42–103) .303a

ΔERI, points (Md; IQR) 100 (50–150) 100 (50–150) 75 (25–150) .988a

ΔBI, points (Md; IQR) 5 (5–22.5) 5 (5–10) 5 (5–28) .113a

aMann-Whitney U test; b χ2 test. ERI = Early Rehabilitation Index; BI=Barthel Index
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Fig. 1 Improvements in functional measures during phase B treatment

Fig. 2 ICF assessment of both study groups upon admission (n = 138) and at the end of phase B treatment (n = 50). * Wilcoxon test for paired
samples, p-value<.05; # Mann-Whitney U test, p-value<.05

Totikov et al. BMC Neurology          (2019) 19:162 Page 7 of 10



control design. The prevalence of PSH among all patients
enrolled in the study was 25% (n= 97). However, in 72 cases,
only, a suitable control subject fulfilling all matching criteria
could be identified. In this subgroup, a lower age and a lower
PSH severity independently predicted the primary outcome
measure (favorable vs. unfavorable outcome). A favorable
outcome was defined as entering subsequent in-house re-
habilitation, while an unfavorable outcome comprised long-
term nursing care, transfer to acute-care hospitals or in-
hospital deaths. With respect to secondary outcome vari-
ables, length of stay on intermediate care units only proved
to be longer for patients with clinical signs of PSH. In con-
trast, length of stay on the intensive care unit and peripheral
wards were not associated with the presence or severity of
PSH. This result is in line with the study of Baguley and col-
leagues [2]. The study showed that patients with PSH symp-
toms had significantly longer rehabilitation, while length of
stay on intensive care units was not different. Fernández-
Ortega and colleagues [6] report longer stay on intensive
care units of patients suffering from acute dysautonomic cri-
ses. Comparing these studies, however, should be interpreted
carefully due to different study designs (e.g., acute vs. post-
acute setting; traumatic only vs. traumatic and non-
traumatic etiologies).
Severity-related analyses revealed that patients with severe

PSH symptoms were more likely to have an unfavorable out-
come than control patients. This finding was mainly caused
by better improvements among controls (Barthel Index)
allowing them to enter subsequent in-house rehabilitation.
In contrast, none of severe PSH patients entered subsequent
rehabilitation. Previous studies demonstrated that PSH is as-
sociated with a worse functional outcome compared to pa-
tients without PSH symptoms. For example, PSH patients
showed worse scores on the Glasgow Coma Scale compared

to non-PSH patients at the end of treatment [2, 6, 19]. This
finding is in line with the results of the present study, be-
cause a worse functional outcome was only observed in se-
vere PSH- patients. Although the results suggest that
patients with severe PSH symptoms did not benefit from in-
patient rehabilitation as much as patients with mild and
moderate PSH symptoms, several other variables (i.e., eti-
ology, location of brain damage) and thus the level of con-
sciousness and impairments (cognitive-, motoric-, speech-)
have an impact on outcome. The current study used the
Barthel Index and Early Rehabilitation Index upon admission
as match criteria to homogenize the functional status of both
groups at study entry. However, a recent study [20] investi-
gating clinical factors influencing the weaning of phase B pa-
tients, showed that successfully and non-successfully weaned
patients did not differ in Early Rehabilitation Index, but in
other assessment scales (i.e. the Glasgow Coma Scale and
Functional Ambulation Categories) upon admission. This
suggests that functional status might be better evaluated by
other assessment scores, which was also confirmed by the
fact that ICF scores differed between both groups upon ad-
mission, although Barthel Index and Early Rehabilitation
Index did not (both were used as match criteria).
To reliably detect, monitor and treat PSH symptoms it is

recommended to implement diagnostic tools (e.g., PSH-AM)
in early rehabilitation settings. Effective treatment, however,
can be challenging. A clear association between specific
symptoms and drug selection may help to avoid over
−/underdosing and side effects, decline the clinical status
and hamper improvements during early rehabilitation. A
combination of drugs from different classes [9] with rehabili-
tation interventions is supposed to be most effective. Most
PSH symptoms occur as an allodynic response to external
stimuli, such as pain, urinary retention, or movements.
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Fig. 3 Frequencies of discharge type, presented for patients with severe PSH and control patients
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When such triggers may be identified, it is reasonable to ei-
ther treat or to avoid them. Opioids, morphine, and other
sedatives (e.g. midazolam) are used as first-line drugs to sup-
press the allodynic response in PSH patients [21]. Non-
pharmacologically, the avoidance of external stimulation and
maintaining comfortable room temperatures are of major
importance.
Another important issue was to examine whether the pres-

ence of PSH has an impact on the weaning process (i.e. with-
drawal from mechanical ventilation). The analysis revealed
that the duration of mechanical ventilation was not related
to PSH. The median weaning duration is consistent with the
results of previous studies investigating the outcome of
neurological early rehabilitation patients [22, 23]. A currently
published guideline on weaning [24] has not reported any
specific effect of PSH on the weaning process. In contrast,
the present study showed an influence of PSH severity on
weaning duration. However, several other factors such as the
need of dialysis or colonization with multi-drug-resistant
bacteria are associated with weaning failure during phase B
treatment [20]. Additionally, the presence of PSH symptoms
and PSH severity had no influence on length of stay at the
ICU. This result supports the finding that weaning duration
was comparable in both groups, since patients are usually
transferred to an intermediate care unit as soon as they are
successfully weaned from mechanical ventilation. In contrast
to ICU, however, patients with PSH symptoms were treated
longer on intermediate care units than control patients. This
relationship particularly applied to patients with severe PSH
symptoms. Most likely, these patients stayed longer on inter-
mediate care units because they needed more time for the
withdrawal of the tracheal cannula.

Limitations
Comparisons of the present results to international stud-
ies are difficult [25]. One reason is that neurological
early rehabilitation is a special treatment for patients
with severe brain injuries in Germany. In addition, inter-
national studies frequently focus on one etiology, only
(e.g., stroke, traumatic brain injury or intracerebral
hemorrhage). However, the current study aimed to pre-
dict outcome of early rehabilitation patients consecu-
tively admitted to intensive care or intermediate care
units, irrespective of main diagnosis. Unfortunately, this
approach resulted in a different distribution of main
diagnoses for both study groups (PSH+/PSH-). Each
main diagnosis has an impact on the rehabilitation
process and may influence PSH symptoms in an individ-
ual manner, potentially biasing the results. Thus, the
main diagnosis should be used as match criterion in fu-
ture studies. Nevertheless, since we used a multivariate
binary regression model controlling for potential effects
of other variables (e.g., main diagnosis), age and PSH

severity may be considered as independent predictor of
favorable outcome.
In addition, in 25 PSH cases, no suitable controls were

available fulfilling all matching criteria. Thus, the true
number of patients with clinical signs of PSH was lim-
ited due to the study design. Since the combination of
low or high age and low functional status upon admis-
sion proved to be a difficult match criterion, especially
patients with severe functional impairments had to be
excluded from the study. This might be important for
the present results, as this group tends to be most ad-
versely affected by PSH symptoms.

Conclusion
The study contributes knowledge showing that the preva-
lence of PSH in neurological early rehabilitation is similar to
acute-care settings. In summary, this study revealed that the
occurrence of PSH symptoms was not associated with more
complications, higher comorbidity or mortality. PSH-related
differences were observed for length of stay on intermediate
care units, only. Patients with severe PSH symptoms, how-
ever, were more likely to suffer from worse outcome com-
pared to control patients. These results are significant for the
diagnosis, monitoring and treatment of PSH symptoms.

Abbreviations
ICF: International Classification of Functioning, Disability, and Health;
ICU: Intensive Care Unit; PSH: Paroxysmal Sympathetic Hyperactivity; PSH-
AM: PSH-Assessment Measure; TBI: Traumatic Brain Injury

Acknowledgements
The authors thank Diana Gibanjek, Franka Meyer and Megan Süper for their
support in preparing the data for analysis.

Authors’ contributions
AT concepted the study, collected the data, performed the data analysis, and
drafted the manuscript. SBS and MB supervised the study and made
substantial contributions to data analysis and manuscript writing. JDR
critically revised the article and gave final approvement for the paper to be
published. All authors read and approved the final manuscript.

Funding
No funding.

Availability of data and materials
The datasets used during the current study are available from the
corresponding author on reasonable request.

Ethics approval and consent to participate
The study was designed and performed according to the principles of Good
Clinical Practice Guidelines laid down in the Declaration of Helsinki. Consent
to participate was not explicitly obtained for the study, since data were
acquired as part of routine care in neurological early rehabilitation and
patients gave their consent to evaluate these data for research. The
Committee for Clinical Ethics of the Hannover Medical School approved the
study protocol (3559–2017).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Totikov et al. BMC Neurology          (2019) 19:162 Page 9 of 10



Received: 11 December 2018 Accepted: 9 July 2019

References
1. Baguley IJ, Perkes IE, Fernandez-Ortega J-F, Rabinstein AA, Dolce G, Hendricks

HT. Paroxysmal sympathetic hyperactivity after acquired brain injury: consensus
on conceptual definition, nomenclature, and diagnostic criteria. J
Neurotrauma. 2014;31:1515–20. https://doi.org/10.1089/neu.2013.3301.

2. Baguley IJ, Nicholls JL, Felmingham KL, Crooks J, Gurka JA, Wade LD.
Dysautonomia after traumatic brain injury: a forgotten syndrome? J Neurol
Neurosurg Psychiatry. 1999;67:39–43.

3. Turner MS. Early use of intrathecal baclofen in brain injury in pediatric
patients. Acta Neurochir Suppl. 2003;87:81–3.

4. Dalmau J, Gleichman AJ, Hughes EG, Rossi JE, Peng X, Lai M, et al. Anti-NMDA-
receptor encephalitis: case series and analysis of the effects of antibodies.
Lancet Neurol. 2008;7:1091–8. https://doi.org/10.1016/S1474-4422(08)70224-2.

5. Blackman JA, Patrick PD, Buck ML, Rust RS. Paroxysmal autonomic
instability with dystonia after brain injury. Arch Neurol. 2004;61:321–8.
https://doi.org/10.1001/archneur.61.3.321.

6. Fernández-Ortega JF, Prieto-Palomino MA, Muñoz-López A, Lebron-Gallardo
M, Cabrera-Ortiz H, Quesada-García G. Prognostic influence and computed
tomography findings in dysautonomic crises after traumatic brain injury. J
Trauma. 2006;61:1129–33. https://doi.org/10.1097/01.ta.0000197634.83217.80.

7. Bullard DE. Diencephalic seizures: responsiveness to bromocriptine and
morphine. Ann Neurol. 1987;21:609–11. https://doi.org/10.1002/ana.410210617.

8. Rabinstein AA. Paroxysmal sympathetic hyperactivity in the neurological intensive
care unit. Neurol Res. 2007;29:680–2. https://doi.org/10.1179/016164107X240071.

9. Choi HA, Jeon S-B, Samuel S, Allison T, Lee K. Paroxysmal sympathetic
hyperactivity after acute brain injury. Curr Neurol Neurosci Rep. 2013;13:370.
https://doi.org/10.1007/s11910-013-0370-3.

10. Baguley IJ. The excitatory:inhibitory ratio model (EIR model): an integrative
explanation of acute autonomic overactivity syndromes. Med Hypotheses.
2008;70:26–35. https://doi.org/10.1016/j.mehy.2007.04.037.

11. Baguley IJ, Nott MT, Slewa-Younan S, Heriseanu RE, Perkes IE. Diagnosing
dysautonomia after acute traumatic brain injury: evidence for
overresponsiveness to afferent stimuli. Arch Phys Med Rehabil. 2009;90:580–
6. https://doi.org/10.1016/j.apmr.2008.10.020.

12. Baguley IJ, Heriseanu RE, Nott MT, Chapman J, Sandanam J. Dysautonomia
after severe traumatic brain injury: evidence of persisting
overresponsiveness to afferent stimuli. Am J Phys Med Rehabil. 2009;88:615–
22. https://doi.org/10.1097/PHM.0b013e3181aeab96.

13. Meyer KS. Understanding paroxysmal sympathetic hyperactivity after
traumatic brain injury. Surg Neurol Int. 2014;5:2. https://doi.org/10.41
03/2152-7806.144632.

14. Perkes IE, Menon DK, Nott MT, Baguley IJ. Paroxysmal sympathetic
hyperactivity after acquired brain injury: a review of diagnostic criteria. Brain
Inj. 2011;25:925–32. https://doi.org/10.3109/02699052.2011.589797.

15. Schönle PW. Neurological rehabilitation in Germany: The phase model. In:
Christensen A-L, Uzzell BP, editors. International handbook of
neuropsychological rehabilitation. New York, London: Springer; 2000. p. 327.

16. Mahoney FI, Barthel DW. Functional evaluation: the Barthel index. Md State
Med J. 1965;14:61–5.

17. Schönle PW. The early rehabilitation Barthel index-an early rehabilitation-
oriented extension of the Barthel index. Rehabilitation. 1995;34:69–73.

18. Rollnik JD. The hessian Oldendorf ICF-assessment (HOIA). Akt Neurol. 2014;
41:328–34. https://doi.org/10.1055/s-0034-1370228.

19. Baguley IJ, Slewa-Younan S, Heriseanu RE, Nott MT, Mudaliar Y, Nayyar V.
The incidence of dysautonomia and its relationship with autonomic arousal
following traumatic brain injury. Brain Inj. 2007;21:1175–81. https://doi.org/1
0.1080/02699050701687375.

20. Schmidt SB, Boltzmann M, Bertram M, Bucka C, Hartwich M, Jöbges M, et al.
Factors influencing weaning from mechanical ventilation in neurological
and neurosurgical early rehabilitation patients. Eur J Phys Rehabil Med.
2018;54:939–46. https://doi.org/10.23736/S1973-9087.18.05100-6.

21. Meyfroidt G, Baguley IJ, Menon DK. Paroxysmal sympathetic hyperactivity:
the storm after acute brain injury. Lancet Neurol. 2017;16:721–9. https://doi.
org/10.1016/S1474-4422(17)30259-4.

22. Rollnik JD, Berlinghof K, Lenz O, Bertomeu A. Mechanical ventilation in
neurological early rehabilitation. Akt Neurol. 2010;37:316–8. https://doi.org/1
0.1055/s-0030-1248595.

23. Oehmichen F, Ketter G, Mertl-Rotzer M, Platz T, Puschendorf W, Rollnik JD,
et al. Weaning from prolonged mechanical ventilation in neurological
weaning units: an evaluation of the German working group for early
neurorehabilitation. Nervenarzt. 2012;83:1300–7. https://doi.org/10.1007/
s00115-012-3600-z.

24. Rollnik JD, Adolphsen J, Bauer J, Bertram M, Brocke J, Dohmen C, et al.
Prolonged weaning during early neurological and neurosurgical
rehabilitation : S2k guideline published by the weaning Committee of the
German Neurorehabilitation Society (DGNR). Nervenarzt. 2017;88:652–74.
https://doi.org/10.1007/s00115-017-0332-0.

25. Pohl M, Bertram M, Bucka C, et al. Course of rehabilitation in early
neurological/neurosurgical rehabilitation. Results of a 2014 Multicenter
evaluation in Germany. Nervenarzt. 2016;87(6):634–44. https://doi.org/10.1
007/s00115-016-0093-1.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Totikov et al. BMC Neurology          (2019) 19:162 Page 10 of 10

https://doi.org/10.1089/neu.2013.3301
https://doi.org/10.1016/S1474-4422(08)70224-2
https://doi.org/10.1001/archneur.61.3.321
https://doi.org/10.1097/01.ta.0000197634.83217.80
https://doi.org/10.1002/ana.410210617
https://doi.org/10.1179/016164107X240071
https://doi.org/10.1007/s11910-013-0370-3
https://doi.org/10.1016/j.mehy.2007.04.037
https://doi.org/10.1016/j.apmr.2008.10.020
https://doi.org/10.1097/PHM.0b013e3181aeab96
https://doi.org/10.4103/2152-7806.144632
https://doi.org/10.4103/2152-7806.144632
https://doi.org/10.3109/02699052.2011.589797
https://doi.org/10.1055/s-0034-1370228
https://doi.org/10.1080/02699050701687375
https://doi.org/10.1080/02699050701687375
https://doi.org/10.23736/S1973-9087.18.05100-6
https://doi.org/10.1016/S1474-4422(17)30259-4
https://doi.org/10.1016/S1474-4422(17)30259-4
https://doi.org/10.1055/s-0030-1248595
https://doi.org/10.1055/s-0030-1248595
https://doi.org/10.1007/s00115-012-3600-z
https://doi.org/10.1007/s00115-012-3600-z
https://doi.org/10.1007/s00115-017-0332-0
https://doi.org/10.1007/s00115-016-0093-1
https://doi.org/10.1007/s00115-016-0093-1

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data collection
	Outcome measures
	Statistical analyses

	Results
	PSH symptoms
	Primary outcome measure
	Secondary Outcome Measures
	Subgroup analysis for patients with severe PSH symptoms

	Discussion
	Limitations

	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

