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ABSTRACT
Background  Survivors of moderate-to-severe traumatic 
brain injury (msTBI) frequently experience troublesome 
unexplained somatic symptoms. Autonomic dysfunction 
may contribute to these symptoms. However, there is 
no previous study of clinical subjective and objective 
autonomic dysfunction in msTBI.
Methods  We present results from two groups of patients 
with msTBI. The first, a case–control comparative study, 
comprises prospectively recruited msTBI outpatients, in 
whom we measured burden of autonomic symptoms using 
the Composite Autonomic Symptom Score (COMPASS31) 
questionnaire. The second, a descriptive case series, 
comprises retrospectively identified msTBI outpatients who 
had formal clinical autonomic function testing at a national 
referral autonomics unit.
Results  Group 1 comprises 39 patients with msTBI 
(10F:20M, median age 40 years, range 19–76), median 
time from injury 19 months (range 6–299) and 44 controls 
(22F:22M, median age 45, range 25–71). Patients had 
significantly higher mean weighted total COMPASS-31 
score than controls (p<0.001), and higher gastrointestinal, 
orthostatic and secretomotor subscores (corrected 
p<0.05). Total COMPASS31 score inversely correlated with 
subjective rating of general health (p<0.001, r

s=−0.84). 
Group 2 comprises 18 patients with msTBI (7F:11M, 
median age 44 years, range 21–64), median time from 
injury 57.5 months (range 2–416). Clinical autonomic 
function testing revealed a broad spectrum of autonomic 
dysfunction in 13/18 patients.
Conclusions  There is clinically relevant autonomic 
dysfunction after msTBI, even at the chronic stage. We 
advocate for routine enquiry about potential autonomic 
symptoms, and demonstrate the utility of formal autonomic 
testing in providing diagnoses. Larger prospective studies 
are warranted, which should explore the causes and 
clinical correlates of post-TBI autonomic dysfunction.

INTRODUCTION
Moderate-to-severe traumatic brain injury 
(msTBI) is known to cause high rates 
of chronic neurologic, cognitive and 
behavioural sequelae. What is less appreci-
ated is that TBI survivors often also report 
long-lasting systemic symptoms, many of 

which are suggestive of autonomic nervous 
system (ANS) dysfunction.1 Indeed, changes 
in heart rate (HR) variability, an experi-
mental measure of cardiovascular ANS func-
tion, has been found in a number of studies 
of concussion and mild TBI, with one study 
reporting a positive correlation between TBI 
severity and degree of both sympathetic and 
parasympathetic impairment.2–5

Orthostatic symptoms, presyncopal and 
syncopal episodes are those most likely to be 
recognised as being autonomically-mediated. 
However, ANS dysfunction can manifest in 
myriad additional symptoms that can nega-
tively impact daily function and quality of 
life, such as abnormal sweating, nausea and 
bloating, constipation and diarrhoea, dry 
eyes and mouth, changes in skin colour and 
thermodysregulation, erectile dysfunction, 

Key messages

What is already known on this topic
	► Patients with severe traumatic brain injury (TBI) 
can experience sympathetic hyperactivity, a form of 
autonomic dysfunction, in the acute stages. In the 
chronic stage of injury, patientswith TBI have many 
hitherto unexplained physical symptoms.

What this study adds
	► We find evidence for a broad range of autonomic 
symptoms, and objective evidence of both parasym-
pathetic and sympathetic dysfunction in moderate-
to-severe patients with TBI. This dysfunction exists 
even in patients who are in the chronic stage of inju-
ry, ambulant and functionally independent.

How this study might affect research, practice 
and/or policy

	► We advocate for routine enquiry about autonom-
ic symptoms in survivors of moderate-to-severe 
TBI. Further studies should map the epidemiology, 
and investigate the causes of postinjury autonomic 
dysfunction.
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visual blurring and photosensitivity.1 The Composite 
Autonomic Symptom Score-31 (COMPASS-31) tool is a 
simple-to-administer questionnaire which quantitatively 
assesses the symptomatic burden of autonomic dysfunc-
tion.6 Clinical autonomic function tests non-invasively 
assess the integrity of the ANS across multiple modali-
ties, including cardiovagal, sudomotor and adrenergic 
function, and have shown utility in characterising and 
tracking ANS dysfunction7

Autonomic dysfunction in the acute phase of severe 
TBI is well described in the syndrome of Paroxysmal 
Sympathetic Hyperactivity.8 However, beyond one or two 
case studies, no study has investigated clinically relevant 
autonomic dysfunction in the postacute period after 
TBI. We present the results of a clinical investigation in 
two groups of patients with msTBI. First, we collected 
quantitative symptom assessments in a cohort prospec-
tively identified from a national TBI clinic. Second, we 
present clinical autonomic function testing results from 
a case series of patients retrospectively identified from a 
national referral Autonomic centre. We hypothesise that 
patients in the post-acute period of msTBI (1) experience 
a high burden of clinical autonomic symptoms, which (2) 
is associated with other health measures and (3) have 
objectively measurable sympathetic and parasympathetic 
dysfunction.

METHODS
Study design and participants
We investigated two groups of patients with msTBI, 
defined on Mayo Classification,9 in a cross-sectional study. 
The first, a retrospective case series, was identified from 
a database of all patients undergoing autonomic tests at a 
tertiary autonomics clinic between 2010 and 2020. LML, 
EV and VI had full access to this database. Test reports 
were screened with the following terms: TBI, injury, bleed, 
haemorrhage, haemorrhage, trauma* (wild card to bring 
up, eg, ‘trauma’, ‘traumatic’), accident. We verified injury 

and medical history details by reviewing the individual’s 
electronic health records. Inclusion criteria were: history 
consistent with msTBI and injury preceded the symp-
toms for referral. Exclusion criteria were: TBI sustained 
in the context of orthostatic symptoms, concurrent spinal 
injury, inadequate information to determine TBI severity 
or timeline relative to symptoms, antecedent or concur-
rent vestibular diagnosis (eg, vestibular migraine, benign 
paroxysmal postural vertigo) where dizziness was the only 
symptom, and antecedent or concurrent diagnoses which 
could explain symptoms (eg, long-standing diabetes, 
Parkinson’s disease) (figure 1A).

The second, prospective cohort was recruited from 
an adult TBI clinic in January–August 2021. To mitigate 
selection bias, all new patients with ms9-TBI were invited 
to complete the COMPASS-31 questionnaire, irrespective 
of whether they reported symptoms suspicious for ANS 
dysfunction, and answer questions about their perception 
of their own health. A cohort of 44 control participants 
also completed the questionnaire, recruited by email over 
2 weeks from a volunteer database. Exclusion criteria were: 
acquired brain injury of any aetiology, significant current 
medical diagnosis. In order to partially account for medi-
cations and TBI-related comorbidity, control participants 
were not excluded for being on: analgesic medications, 
anxiolytics and antidepressants or birth control.

Autonomic function testing: acquisition and analysis
Before testing, patients are asked to refrain from: heavy 
exercise for 24 hours, alcohol and caffeine intake for 
12 hours, and eating for 1 hour. All patients were self-
ambulant, without prolonged daily recumbency and 
attended as outpatients. The clinical testing protocol 
included:

	► Head up tilt—from supine to 60° head up, continued 
for 10 min or until patient could no longer tolerate or 
symptoms of imminent syncope. Beat-to-beat HR and 
blood pressure (BP) were recorded with a Finapress 
or Finometer. If clinical history suggested situational 

Figure 1  Flow chart denoting (A) records included in retrospective analysis of autonomic testing, and (B) patients included in 
prospective symptom assessment. TBI, traumatic brain injury.
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syncope, venepuncture was performed as an addi-
tional provocation during the tilt.

	► Supine/tilted norepinephrine (NA) levels—plasma 
levels used as a biochemical marker of sympathetic 
neural activity, measured using high-performance 
liquid chromatography.

	► Respiratory sinus arrythmia (HRDB)—parasympa-
thetic function was assessed by HR response to deep 
breathing. Patients breathed at six breaths/minute 
for 1 min, and were coached on how long each breath 
should take. HRDB was the average of the differences 
between the minimum and maximum HRs over the 
six breaths, and classified as abnormal if outside of the 
age-appropriate range.10

	► Valsalva manoeuvre—participants performed a forced 
expiration, using a 2 mL syringe tube, for 15 s against 
a fixed expiratory pressure of 40 mm Hg for 10–15 s. 
The BP response, indicative of adrenergic function, 
was classified as normal/abnormal by the performing 
clinical scientist, and confirmed by VI and EV. The 
Valsalva ratio (VR), reflecting both parasympathetic 
and sympathetic function, is the ratio of the maximum 
HR that develops in response to manoeuvre-induced 
BP reduction (following phases II/III), divided by 
the minimum HR that results from the manoeuvre-
induced BP overshoot (occurring within 30 s of phase 
IV peak).11 The VR was classified as abnormal if it was 
outside of the age-appropriate range.10

Individual patient results are described.

Prospective questionnaire symptom assessment
The COMPASS-31 questionnaire was used to assess pres-
ence and severity of autonomic symptoms,6 and assesses 
several domains: orthostatic, vasomotor (sweating/skin 
changes), secretomotor (dry eyes or mouth), gastro-
intestinal (postprandial symptoms, constipation, diar-
rhoea), bladder (difficulty passing urine, incontinence) 
and pupillomotor (photosensitivity, blurred vision). Each 
domain is scored separately, multiplied by a weighting 
factor and then combined (maximum score=100). This 
questionnaire has been previously validated and used 
to quantitatively assess burden of autonomic symptoms 
in autonomic disorders, including those with intermit-
tent symptoms,12 13 with good sensitivity and discrimina-
tion value for autonomically mediated symptoms.14–16 
Patients completed the COMPASS questionnaire via 
phone (LML, MdG or HHLL) or online. A small number 
were completed face-to-face (MdG or HHLL). Healthy 
controls completed the questionnaire online.

All patients were invited to answer the following addi-
tional questions:

	► Subjective rating of general health state: “Overall how 
would you rate your health?” (Visual Analogue Scale: 
0=poor – 100=excellent)

	► Pain: ‘I have physical pain or discomfort’. (5-category 
Likert Scale: 0=‘not true’ – 4=’definitely true’)

	► Fatigue: ‘Are you tired?’ (Visual Analogue Scale: 
0=very tired – 100=no tiredness at all)

	► Depression: ‘Do you feel sad or depressed?’ (Visual 
Analogue Scale: 0=very sad or depressed – 100=not 
depressed or sad at all)

	► Anxiety: ‘Do you feel anxious?’ (Visual analogue scale: 
0=very anxious – 100=not anxious at all)

	► Health outlook: ‘Do you think things are getting 
better?’ (Visual analogue scale: 0=things are getting 
worse – 100=things are getting better)

Visual analogue responses were captured by partici-
pants dragging a cursor along a line.

We compared COMPASS-31 scores between patients 
with TBI and controls using unpaired Student’s t-test, 
and tested for correlations between COMPASS-31 score 
and other scores using Spearman correlations. Bonfer-
roni correction was used to correct for number of t-tests 
or correlations performed. All statistical tests were 
performed using RStudio (RStudio PBC, V.2021.09.0).

Data availability
Raw scores from the COMPASS31 questionnaire and 
anonymised clinical autonomic function testing reports 
from the retrospective cohort are available on request to 
the corresponding author.

RESULTS
Prospective symptom burden assessment cohort
Thirty-nine patients with TBI (10F/29M, median age 
40 years, range 19–76) (figure  1B) and 44 controls 
(22F/22M, median age 45 years, range 25–71) completed 
the questionnaire (online supplemental table 1A,B). The 
median time since injury was 19 months, (range 6–299). 
Patients with TBI reported multidomain symptom burden 
(figure 2). Only 3 patients did not report any symptoms, 
with 22 of 39 patients having a weighted total score >20, 
and 21 of 39 patients reporting symptoms in at least 3 
subdomains. Symptoms in the gastrointestinal subdo-
main was most commonly reported (32/39 patients), 
followed by orthostatic symptoms (25/39 patients), 
then pupillomotor (24/39 patients), then secretomotor 
(21/39 patients). Bladder (15/39) and vasomotor symp-
toms were least common (7/39 patients).

The TBI cohort had significantly higher mean weighted 
COMPASS31 scores than healthy controls (TBI 23.3 
(SD 16.65) vs conrols 7.33 (SD 8.10), p<0.001). Patients 
with TBI also had significantly higher mean symptom 
subscores in orthostatic (TBI 3.18 (SD 2.69) vs controls 
0.57 (SD 1.33)), secretomotor (TBI 1.33 (SD 1.58) vs 
controls 0.48 (SD 0.88)) and gastrointestinal symptoms 
(TBI 6.03 (4.77) vs controls 3.09 (SD 3.05)) (corrected 
p<0.05). Patients with TBI also had higher average raw 
symptom subscores in bladder (TBI 0.67 (SD 1.18) vs 
control 0.23 (SD 0.60)) and pupillomotor (TBI 4.18 (SD 
4.29) vs control 2.5 (SD 2.51)) symptoms, but this was 
not significant after correction for multiple comparisons. 
There was no significant difference between TBI and 
healthy controls in the mean vasomotor sub-score (TBI 
0.28 (SD 0.65) vs control 0.23 (SD 0.86)).
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Seventeen patients also completed additional ques-
tions. There were very strong negative correlations 
between weighted total COMPASS31 score and Subjec-
tive Rating of General Health state (rs=−0.84, p<0.01), 
and Health Outlook (rs=−0.77, p<0.01). Conversely, there 
were very strong positive correlations between weighted 
total COMPASS31 score and Fatigue (rs=0.69, p<0.01) 
and Pain (rs=0.83, p<0.01) ratings (figure 3). There were 
no significant correlations between COMPASS31 score 
with anxiety or depression ratings, age or time since 
injury.

Retrospective autonomic function testing cohort
A total of 18 patients’ records were identified for further 
analysis (7F/11M, median age at testing 44 years, range 
21–64) (figure 1, online supplemental table 1C). All but 
one patient were in the chronic phase of injury (median 
time between TBI and first testing 65 months, range 
20–416); patient R14 was tested at 2 months after injury, 
but after discharge from acute care. The median time 
between onset of symptoms to first referral for autonomic 
investigations was 44 months (range: 14–194 months). 
Most patients (12/18) reported that their symptoms 

Figure 2  Symptom burden assessed with COMPASS-31, with weighted total score for each patient (middle panel: circles 
are controls and crosses are patients with TBI, with pink for female and blue for male) and corresponding domain subscore 
distribution (top panel for patients with TBI, bottom panel for controls), ordered by RAW total score. COMPASS-31, Composite 
Autonomic Symptom Score; TBI, traumatic brain injury.
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had started since the injury. In this cohort, patients were 
most likely to have been referred for orthostatic symp-
toms such as orthostatic intolerance or collapse (15/18 
patients) (figure 4A). Sweating changes was also a promi-
nent reason for referral (6/18 patients). Two patients had 
been referred as part of work-up for a specific symptom, 
for which autonomic dysfunction was considered in the 
differential: erectile dysfunction (R9) and non-specific 
fatigue and malaise (R15).

Autonomic Function Testing in this cohort demon-
strated a broad spectrum of dysfunction. Abnormal 
parasympathetic function, as denoted by absent or low 
respiratory sinus arrhythmia (measured with HRDB), was 
present in 10 of 18 patients (figure 4B). Mixed dysfunc-
tion, as denoted by low VR, was present in 6 of 18 patients, 
all of which were included in those with abnormal HRDB 
(figure  4C). An appropriate rise in blood NA levels on 
tilt was absent in 2 patients, suggestive of sympathetic 
dysfunction (R2, R18) (figure 4D), one of whom (R18) 
also had abnormal HRDB and VR. An abnormal BP profile 
on the Valsalva manoeuvre, indicative of adrenergic 
dysfunction, was noted in R2.

After head-up tilt testing, five patients received 
confirmed diagnoses of vasovagal syncope (R3, R4, R5, 
R8, R11), and experienced symptomatic drops in BP on 
tilt table testing, consistent with reported clinical histories 
of syncope/pre-syncope starting after their msTBI. Two 
of these were spontaneous while three were provoked by 
venepuncture or blood removal from an in situ cannula. 

R4 also received a diagnosis of postural orthostatic tachy-
cardiac syndrome (POTS), due to a sustained HR rise 
of >30 on supine/standing measures, and an HR rise of 
32 at 4 min of tilt associated with symptoms of orthostatic 
intolerance (figure 5A).

One patient (R2) received a diagnosis of neurogenic 
orthostatic hypotension. He experienced a symptomatic 
BP drop with mild reflex HR increase during head-up 
tilt (figure  5B, top), suggestive of sympathetic vasocon-
strictor failure with sparing of parasympathetic cardiac 
vagal function (normal HR variability to deep breathing). 
He also had abnormal BP response during the Valsalva 
manoeuvre (figure 5B, bottom).

Five additional patients experienced symptoms during 
head-up tilt without objective significant change in BP or 
HR. R1, R7, R9, R12 reported ‘dizziness’ while tilted, and 
R6 had a psychogenic non-syncopal collapse while tilted.

Five patients did not have any abnormalities on routine 
autonomic function testing (R9, R12, R13, R16, R17). 
Patient R16 was discovered to have an alternative diag-
nosis, when nerve conduction studies showed evidence of 
central somatosensory pathway damage in the limb expe-
riencing vasomotor symptoms.

Illustrative case: R5
Patient R5 (male in his 40 s) sustained a msTBI in his 
early 30s. As well as memory and attention problems, he 
also reported multiple ‘collapses’ with ‘loss of conscious-
ness’, usually triggered by postural change, which had 

Figure 3  Relationship between the COMPASS-31 weighted total score and (A) subjective rating of general health status, 
(B) health outlook, (C) fatigue and (D) pain. COMPASS-31, Composite Autonomic Symptom Score.
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been occurring since his injury. Review and investigation 
by an epileptologist had concluded that his collapses 
were not epileptic. He had normal echocardiogram and 
24 hours Holter, and was being considered for a Reveal 
device. He had no other medical history, and not on 
medication. He had autonomic function tests, including 
a prolonged tilt. He had a normal BP and HR profile on 
tilt table assessment without evidence of orthostatic hypo-
tension or autonomic intermittent disorder. There was 
evidence for mild parasympathetic impairment as docu-
mented by both his VR and HRDB below the range for his 
age (VR=1.26, HRDB=9).10 His symptoms persisted and 
he underwent follow-up autonomic function tests 2 years 
later. Testing confirmed the evidence of further wors-
ening of HR variability to deep breathing (HRDB=7), and 
he also experienced a symptomatic drop in BP after 8 min 
of head up tilt. In view of his clinical history consistent 
with syncope and the test results, the patient was treated 
in our syncope clinic.

DISCUSSION
We provide evidence for clinically significant autonomic 
dysfunction after msTBI in two separate outpatient 
cohorts, with sex and age constitution typical of TBI. 
The prospective cohort showed multidomain autonomic 
symptom burden, which correlated with fatigue, pain 
and negative perception of health status and outlook. 

Furthermore, there was objective autonomic dysfunction, 
both sympathetic and parasympathetic, in a retrospec-
tively identified TBI cohort.

While the presence and impact of cognitive and psychi-
atric symptoms is increasingly recognised in patients 
with chronic msTBI, there is less recognition of the 
systemic effects of TBI. Although somatic symptoms are 
widely reported,17 little is known about their causes or 
consequences. Studies assessing HR variability in small 
groups of patients with TBI suggests that cardiovascular 
autonomic dysfunction persists in chronic TBI, and may 
contribute to clinically relevant symptoms.3 11 18 Our retro-
spective cohort presented with mild autonomic cardio-
vascular dysfunction within the spectrum of intermittent 
autonomic dysfunction, and specifically, either new onset 
vasovagal syncope or postural tachycardia syndrome. Our 
prospective cohort reported a high burden of symptoms 
that could be explained by autonomic dysfunction, which 
also correlated with other symptom and health measures. 
Our study extends the current literature by demon-
strating that objective and clinically relevant autonomic 
dysfunction is observed after msTBI. Furthermore, we 
show that this exists in fully ambulant patients with msTBI 
many months or years after their initial injury, and whom 
many might assume to be ‘fully recovered’.

Our findings have important clinical implications. 
Having a high burden of autonomic symptoms impacts 

Figure 4  (A) Symptoms reported by each patient, categorised into symptom type. (B) HRDB for each patient. Where there was 
no respiratory sinus arrhythmia noted, the value of HRDB is noted as 0. A red dot denotes an abnormal age-corrected value. 
The unfilled red circle (R5) denotes the value from follow-up testing. (C) Valsalva ratio for each patient. A red dot denotes an 
abnormal age-corrected value. The unfilled red circle (R5) denotes the value from follow-up testing. An open blue circle denotes 
Valsava manoeuvre not completed. (D) Supine and tilted blood norepinephrine levels for each patient, where available. HR, heart 
rate.
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on other symptoms and subjective view of health. We also 
demonstrate that formal autonomic testing, repeated 
if necessary, can help provide diagnostic clarity in this 
cohort, especially if there are persistent unexplained 
symptoms. This enables both appropriate management 
of the patient’s symptoms and the avoidance of further 
diagnostic burden. Intermittent autonomic dysfunction, 
such as vasovagal syncope, is treatable. Timely identifi-
cation and management are likely to improve long-term 
quality of life in these patients. Our results suggest that 
a COMPASS-31 of  >30 might be most discriminatory 
between TBI and non-TB, but further work is required to 

understand how best to identify patients in whom auto-
nomic function testing would have the highest yield.

It is interesting to note that the retrospective cohort 
were largely referred for orthostatic symptoms, whereas 
the symptoms reported by patients in the prospective 
cohort included a high burden of other types of symp-
toms, notably gastrointestinal (ie, bloating and nausea 
after meals, constipation and diarrhoea) symptoms. This 
may be because postural symptoms are more readily 
recognised by non-specialists as being potentially medi-
ated by autonomic dysfunction. It is possible that symp-
toms captured by the COMPASS31 questionnaire due 

Figure 5  (A) Abnormal cardiovascular responses during head up tilt for patient R4, showing a significant rise in HR on tilt 
consistent with postural orthostatic tachycardiac syndrome, followed by a drop in both HR and BP supporting a diagnosis of 
vasovagal syncope. (B) Abnormal cardiovascular responses during the head up tilt (top panel) and Valsalva Manoeuvre (bottom 
panel) for patient R2 (C) example traces from a healthy control participant showing appropriate HR and bp responses during the 
head up tilt (top panel) and during the Valsalva manoeuvre (bottom panel). BP, blood pressure; HR, heart rate.
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to other, non-autonomic or non-TBI causes, given that 
some symptoms were also reported by non-TBI controls. 
However, orthostatic, gastrointestinal and secretomotor 
scores are significantly higher in TBI than controls, 
suggesting that this cannot be wholly the case. Indeed, it 
is just as possible that some post-TBI symptoms are consid-
ered non-specific or even misattributed. For example, the 
high burden of gastrointestinal symptoms may reflect 
damage to central autonomic pathways, such as the motor 
nuclei of the vagus nerve, due to brainstem white matter 
traumatic damage, a mechanism that may be underappre-
ciated by non-autonomic specialists. Indeed, the majority 
of patients referred for autonomic testing reported expe-
riencing symptoms ‘ever since their injury’, but were not 
referred until years later. Therefore, it is highly likely that 
post-TBI autonomic symptoms are under-recognised, and 
opportunities for further investigation and management 
are missed.

Autonomic dysfunction after TBI may occur through 
various mechanisms. The hallmark of msTBI, white matter 
injury, is caused by axonal shearing due to injury forces 
and continues due to inflammation and delayed axonal 
degeneration in the chronic period, and results in network 
disruption.19 20 Autonomic dysfunction may occur due to 
injury to regions of the central autonomic network (CAN1) 
or their connecting white matter tracts. Brainstem nuclei 
and white matter connections to and from thalamic and 
basal ganglia regions may be particularly vulnerable to 
damage, and underlies catecholaminergic dysfunction 
contributing to cognitive dysfunction post-TBI.21 22 Given 
the importance of brainstem, thalamic and basal ganglia 
circuits to autonomic function, injury to these white matter 
tracts may cause centrally mediated autonomic dysfunc-
tion after TBI. TBI may also lead to autonomic dysfunction 
through indirect mechanisms, for example, interacting 
with an underlying vulnerability, such as tendency towards 
hypermobility, or by increasing the risk of conditions inde-
pendently associated with autonomic dysfunction, such as 
neurodegenerative disease23 and alcohol abuse.24 25

The consequences of autonomic dysfunction for patients 
with TBI are potentially profound and far-reaching. Our 
study found a significant burden of autonomic symp-
toms, which correlated with other clinical symptoms as 
well as a negative view of their current health status and 
pessimistic view of future health. Worse quality of life and 
psychological distress is reported in otherwise healthy 
patients with vasovagal syncope or POTS and neurolog-
ical patients with concurrent autonomic dysfunction.26–28 
Additionally, CAN regions are also important for cogni-
tion and emotional processing,29 30 which means that 
autonomic dysfunction may be an important biomarker 
for or contributor to post-TBI cognitive/psychological 
dysfunction. Furthermore, interoception, the ‘signalling 
and perception of internal bodily sensations’ is important 
for both cognitive and emotional function.31 32 Post-TBI 
autonomic dysfunction may lead to abnormal bodily 
responses to cognitive or emotional stimuli,3 which could 
contribute to post-TBI cognitive/psychological morbidity.

Limitations
The autonomic function testing cohort was retrospec-
tively recruited. This means that we only captured patients 
whose physicians had already considered autonomic 
dysfunction to be a possible cause of their symptoms, 
which were usually orthostatic symptoms. The prevalence 
of abnormal testing may be lower in an unselected popu-
lation, however the prospective cohort suggests that there 
is likely to be a significant proportion. Future large-scale 
prospective studies could address this.

Patients filled out the COMPASS-31 irrespective of 
whether they initially reported symptoms, so there is a 
possible risk of over-reporting by patients when presented 
with a list of symptoms rather than free recall. However, 
given that patients’ scores were significantly higher than 
non-TBI controls, this is unlikely to be a significant factor 
in our results.

For largely practical reasons, we only included msTBI 
in our cohorts, so our findings may not be generalisable 
to mild/repetitive TBI. Autonomic dysfunction has been 
reported in mild TBI33 so future studies should seek to 
include a mild TBI cohort if possible.

CONCLUSION
We present evidence for clinically relevant, subjective and 
objective, autonomic dysfunction after msTBI. We hope 
these findings increases awareness of autonomic dysfunc-
tion after TBI, and promote more diagnostic engage-
ment. Future work should further characterise the nature 
of post-TBI autonomic dysfunction, investigate how TBI 
causes these problems, and the links between autonomic 
dysfunction and other post-TBI sequelae.
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TABLE 1: Clinical characteristics of recruited participants 

 

(A) Prospective Symptom Assessment Cohort – TBI patients 

ID Sex Age range at 

assessment 

Time since 

injury (months) 

Mechanism of 

injury 

Medications 

P1* M 30-39 7 Fall/Assault nil 

P2* F 17-19 8 Fall Vit D 

P3 M 20-29 7 RTA Vit D, Vit B12 

P4* M 20-29 8 Fall Propranolol, terbinafine, sumatriptan PRN, Vit D 

P5 M 20-29 20 RTA Salbutamol INH, citalopram, codydramol PRN 

P6 M 20-29 20 Assault Vit D 

P7 M 40-49 19 RTA nil 

P8 F 40-49 13 Fall Sertraline 

P9 M 40-49 27 RTA Citalopram, Vit D 

P10 M 40-49 22 Fall  Nil 

P11 M 40-49 23 Fall Clonazepam, esomeprazole, lactulose PRN, paracetamol 

P12 M 20-29 12 nk nil 

P13 M 20-29 37 Sport Paracetamol 

P14* M 40-49 6 Seizure Lamotrigine, folate, thiamine, Vit B12, paracetamol, codeine PRN, sertraline 

P15* F 40-49 6 RTA nil 

P16 M 20-29 7 Fall Dihydrocodeine PRN 

P17* M 50-59 6 Object Ondansetron, paracetamol 

P18 F 30-39 21 RTA Thyroxine 

P19* F 70-79 72 RTA 

Sertraline, atorvastatin, melatonin, omperazole, oxybutynin, Adcal D3, 

trimethoprim, paracetamol, cinnarizine 

P20 F 40-49 25 RTA nil 

P21* M 17-19 21 Fall nil 

P22* M 70-79 6 Fall Apixaban, thyroxine 

P23* M 50-59 103 RTA Valproate, levetiracetam, clobazam, phenofibrate, rosuvastatin, B12 
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P24 M 30-39 13 Assault Vit D 

P25 M 70-79 22 Fall 

Levetiracetam, Lacosamide, rivaroxaban, aspirin, bisoprolol, atorvastatin, Vit D, Vit 

B12 

P26 M 40-49 105 nk 

Tramadol, fluxetoine, Fostair, carbocystine, fexofenadine, beclomethasone, 

montelukast, salbutamol 

P27* M 40-49 81 Fall Sertraline, melatonin 

P28* M 30-39 10 RTA Co-dydramol, ocular lubricant, paracetamol, potassium bicarb + potassium chloride 

P29* F 30-39 6 Fall Amitriptylline 

P30 M 30-39 64 Assault Codeine PRN 

P31* F 50-59 12 RTA Amitriptylline 

P32 F 50-59 26 Fall Amitriptylline, propranolol, paracetamol, ramipril, amlodipine 

P33* M 30-39 38 Assault Sertraline 

P34* M 20-29 6 RTA Over the counter “painkillers” PRN 

P35 M 30-39 66 RTC Nil 

P36 M 50-59 299 RTC Lamotrigine, oxybutynine 

P37 M 50-59 9 Object hit head Nil 

P38 F 70-79 11 RTC Quinine, aciclovir, pregabalin 

P39* M 17-19 8 RTC Nil 

*indicates participants who also answered the Subjective Rating of General Health Status question 

 

(B) Prospective Symptom Assessment Cohort – non-TBI Controls 

ID Sex Age range at 

assessment 

Medications 

C1 F 40-49 Nil 

C2 M 50-59 Nil 

C3 M 20-29 Nil 

C4 F 20-29 Nil 

C5 F 20-29 Sertraline 

C6 F 20-29 Nil 

C7 F 20-29 Combined oral contraceptive pill 
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C8 M 20-29 Duloxetine  

C9 M 20-29 Nil 

C10 F 20-29 Vitamin D, zinc, fish oil supplements 

C11 F 20-29 Nil 

C12 M 20-29 Vitamin D 

C13 M 20-29 Nil 

C14 F 30-39 Combined oral contraceptive pill 

C15 F 30-39 Iron supplements, multivitamins, Vitamin B 

C16 F 30-39 Nil 

C17 F 30-39 Nil 

C18 F 30-39 Nil 

C19 F 30-39 Combined oral contraceptive pill, Vitamin D, multivitamins, probiotics 

C20 M 30-39 Nil 

C21 M 30-39 Nil 

C22 M 30-39 Nil 

C23 M 40-49 Naproxen, Codeine 

C24 M 40-49 Nil 

C25 F 40-49 Nil 

C26 F 40-49 Nil 

C27 M 40-49 Nil 

C28 F 50-59 Nil 

C29 F 50-59 Nil 

C30 M 50-59 Nil 

C31 F 30-39 Nil 

C32 M 50-59 Nil 

C33 F 50-59 Nil 

C34 F 50-59 Nil 

C35 M 60-69 Nil 

C36 F 60-69 Nil 
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C37 F 60-69 Nil 

C38 M 60-69 Nil 

C39 M 60-69 Nil 

C40 M 60-69 Multivitamins, Vitamin D 

C41 M 40-49 Nil 

C42 M 60-69 Nil 

C43 M 60-69 Nil 

C44 M 70-79 Nil 

 

 

(C) Retrospective Autonomic Function Testing Cohort 

ID Sex Age range at 

injury (time 

since injury in 

months) 

Age range at 

assessment 

(length of 

symptoms in 

months) 

Mechanism 

of injury 

Symptoms leading to referral Medications (not stopped for testing) 

R1 F 30-39 (309) 60-69 (20) Fall off bike 

Dizziness, presyncope, tinnitus, 

problems with focussing vision, 

episodic severe photosensitivity Salbutamol INH 

R2 M 20-29 (416) 60-69 (47) RTA 

Unsteady, dizziness, “problems with 

vision”, falls with LOC, nausea 

Carbamazepine, Levetiracetam, 

Pregabalin, Clopidogrel, Atorvastatin, 

Clobazam, Vitamin D  

R3 M 20-29 (20) 20-29 (17) RTA 

LOC episodes with tunnel vision, no 

seizure indicators Nil 

R4 F 20-29 (44) 30-39 (44) RTA 

Constipation, headaches, poor sleep, 

dizziness and lightheaded, urinary 

frequency and urgency, temperature 

dysregulation and flushes on wakening 

Thyroxine, Venlafaxine, OCP, Ferrous 

Fumarate, Cholecalciferol, Rizatriptan, 

Laxido, Flunarizine  
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R5 M 30-39 (159) 

40-49 (105), 40-

49 (127) nk 

Collapse with LOC on standing but not 

meals (thoroughly investigated for 

seizures), headaches 

Tramadol PRN, Ibuprofen PRN, 

codydramol PRN, paroxetine 

R6 F 30-39 (123) 40-49 (123) RTA 

Collapses, sometimes with headache 

after Nil 

R7 F 50-59 (41) 50-59 (41) RTA 

Anhidrosis, pain and headache, 

frequent falls with occasional LOC, poor 

balance, nausea on standing, 

alternating constipation/ diarrhoea, 

poor short-term memory Nil 

R8 F 10-19 (35) 20-29 (35) nk 

Dizziness and lightheaded on standing, 

palpitations and chest pain, panic 

attacks - all worsened on 

standing/exertion, constipation 

Omeprazole, gabapentin, paracetamol, 

mebeverine, Oramorph PRN 

R9 M 10-19 (65) 20-29 (65) RTA 

Easy, and painful erections (urological 

investigations normal) Nil 

R10 F 10-19 (314) 40-49 (38) RTA 

Hyperhidrosis, presyncope while 

standing, dizziness when hot and 

standing, dry mouth and eyes 

Amitripylline, cocodamol, gabapentin, 

omeprazole, ocybutynin,  tramadol, 

venalfaxin 

R11 M 40-49 (46) 50-59 (46) RTA 

Cold hands and feet, increased IBS 

symptoms, dizziness (persisting though 

diminished after vestibular 

manoeuvres) Laxido 

R12 M 20-29 (50) 30-39 (14) RTA 

Always cold, episode of sweating in 

hands and feet, dizziness when sitting 

Quetiapine, clonazepam, fexofenadine, 

fluticasone, beclomethasone, valproate, 

Vit D, sildeafil, fluexetine, salbutamol 

R13 M 30-39 (137) 40-49 (137) RTA 

Hyperhidrosis, nocturia, excessive 

thirst, constipation, dizziness and visual 

disturbance when standing, occasional 

posture-related palpitations 

Codeine, lefopramine, beconase, 

valproate, symbicort INH, fluticasone INH, 

salbutamol INH, sodium valproate, 

ibuprofen 
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R14 F 40-49 (2) 40-49 (2) RTA 

Two episodes of collapse with LOC 

(with normal EEG and cardiac 

investigations) Nil 

R15 M 30-39 (36) 39-39 (36) nk 

Fatigue, anosmia/ ageusia, LOC with 

rapid recovery but possible seizure 

activity noted on two episodes, 

memory/ cognition deficits Nil 

R16 M 40-49 (33) 40-49 (33) Assault 

Constantly feeling cold, R leg has 

temperature sensory deficit Nil 

R17 M 30-39 (150) 40-49 (150) Fall Lightheaded on standing Paracetamol PRN 

R18 M 40-49 (194) 50-59 (194) RTA 

Erectile dysfunction, nocturia and some 

incontinence, postural lightheadedness, 

profuse exertional upper body 

sweating, falls with LOC and syncope 

markers 

Carbamazepine, Clonidine (started for 

sweating), Calcichew D3 

KEY : nk = not known, RTA = road traffic accident, EEG = electroencephalogram, LOC = loss of consciousness, INH = inhaler, PRN = as required 

medication. Note that age decades are given for anonymisation purposes. 
1 carried out in conjunction with autonomic tests due to symptoms 
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