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Primary Clinical Questions

• In patients with concussion, does 
testing autonomic function (using tests of autonomic 
reflex, heart rate variability or exercise tolerance) reveal 
deficits in autonomic functioning compared to controls?

• In patients with concussion, does addressing, 
autonomic dysfunction (using interventions such as 
sub-threshold aerobic exercise) improve recovery time, 
compared to rest?



Background

• “Multifaceted concussion assessment”
• Symptoms
• Balance
• Neurocognitive

• When is the multifaceted approach being used? (Kelly et al. 2014)
• Baseline (71.2%)
• Acute concussion evaluation (79.2%)
• Return to participation decisions (66.9%)

• What else should be included?
• Vision
• Cervical spine
• Vitals (HR, BP)
• Autonomic reflex tests



Pathophysiology of TBI

• Neurometabolic cascade:
• Initial hypermetabolic state, followed by hypometabolic state

• Metabolic and physiological changes in other organ 
systems:

• Increased HR at rest (Dobson et al. 2016; King et al. 1997)
• Increased sympathetic activity and decreased parasympathetic 

activity (Gall et al. 2004)

• Altered hepatic and renal cytochrome P450 enzyme activity 
(Kalsotra et al. 2003)

• Disruption of sleep and circadian rhythm (Ayalon et al. 2007)

• Decreased mood and fatigue (McAllister et al. 2002)



Clinical Trajectories/Subtypes 

Types of 
Concussion

Cardiovascular

Cognitive/
Fatigue

Vestibular

Visual/
Oculomotor

Mood/
Affec>ve

Headache/
Migraine

Cervical

Craton et al. 2017
Ellis et al. 2015
Collins et al. 2014



Treatment

• Concussion is a brain injury.
• The brain benefits from movement 
and exercise.

• Aerobic exercise stimulates neurogenesis 
by production of BDNF

• Hippocampus (memory center)
• Cerebellum (motor function)
• Frontal lobes (executive function)

• When should exercise be initiated? 
• Who might benefit from it?



Autonomic Dysfunction

• Concussion disrupts areas of the brain associated with 
autonomic control of cardiovascular function (Goldstein et al. 
1998)

• Lightheadedness and postural disturbances could be 
due to autonomic dysfunction (Dobson et al. 2017)

• Dysregulation of arteries and arterial pressure following 
brain injury (Goldstein et al. 1998, Hilz et al. 2011, Hilz et al. 2016, Kozlowski 
et al. 2013, Leddy et al. 2011, Leddy et al. 2010, La Fountaine et al. 2016)

• Athletes who reported being symptom free at 3 to 15 
days did not demonstrate complete metabolic recovery 
until 30 days post-injury (Vagnozzi et al. 2010)



Evaluation
In patients with concussion, does testing autonomic function (using tests 
of autonomic reflex, heart rate variability or exercise tolerance) reveal 
deficits in autonomic functioning compared to controls?



Clinical Exam Findings

• No focal neurological deficits
• Symptoms

• Headacheà worsened by physical and cognitive activity
• Nausea
• Light and noise sensitivity
• Dizziness
• Fatigue
• Difficulty concentrating 
• Slowed speech

• Increased HR and BP (Dobson et al. 2017 and King et al. 1997)
• SBP: 143.6 vs. 126.6



Heart Rate Variability

• Equipment
• Traditional EKG with 3 leads
• Blood Volume Pulse sensor attached to finger or earlobe can be 

used with appropriate hardware and software

• HRV abnormalities (Hilz et al. 2011; King et al. 1997; La Fountaine et al. 
2011)



Standard Autonomic Tests

•Forced/Deep breathing 
•Active standing (orthostatic test)
•Head-up tilt test
•Valsalva maneuver



Standard Autonomic Tests

• Factors that influence autonomic functions
• Body position
• Emotional state
• Ingested food
• Medicines

• Caffeine and nicotine should be stopped 3-4 h prior to testing
• Alcohol should be stopped 8 h before testing
• Patient should be laid down or seated for about 30 minutes in a 

quiet room with a comfortable temperature.
• Monitor throughout test:

• HR
• BP
• ECG



Forced/Deep Breathing Test

•Patient asked to breathe at a rate of 6 breaths 
per minute:

• 5 s of inhalation, 5 s of exhalation per breath
•Determines cardiovagal function

• Compare differences in HR between inhalations and 
exhalations

• Inhalation: ↑ HR
• Exhalation: ↓ HR

• How is it affected by concussion?
• Concussion participants improved over time (up to 2 weeks) 

but no differences compared to controls (Dobson et al. 2017)



Active Standing (Orthostatic) Test

• Patient rests in a supine position.
• Patient asked to assume an upright position for 5 
minutes.

• Blood is redistributed to lower extremities:
• ↓ venous return 
• ↓ cardiac stroke volume

• Leads to physiological compensatory reaction:
• First 30 s: ↓ BP, ↑ HR

• How is it affected by concussion?
• Concussion patients have a greater SBP response (initial 

decrease) to standing (Dobson et al. 2017)



Head-Up Tilt Test

• Similar to active standing (orthostatic) test
• Performed on an automated tilt test table

• Allows consistent slow tilt to 60-80 degrees
• 30-45 minutes of tilting

• Positive test: syncope between 10-30 minutes
• Vasovagal response (sudden decrease in BP & HR)
• Postural tachycardia syndrome (POTS) leads to excessive 

acceleration of HR

• How is it affected by concussion? (Heyer et al. 2016)
• 24/34 (70.6%) patients had abnormal tilt table results

• Normal (n=10)
• Isolated syncope (n=10)
• POTS (n=14)



Valsalva Maneuver

• Voluntary forced expiration against a resistance
• Subject seated after 15-20’ rest
• Asked to blow into a special tube for 15 s
• Response occurs in following phases:

1. Increase transthoracic pressure à increased BP
2. Limited venous return & low stroke volumeà decreased BP
3. Expiration stopped à larger decrease in BP, increased HR
4. Increased BP above initial values

• How is it affected by concussion?
• Concussed group had significantly greater normalization time 

(Dobson et al 2017.; Hilz et al. 2016)



Graded Exercise Testing

Buffalo Concussion Treadmill Test (BCTT)
• Pre-treadmill resting overall symptom scale (1-10 on VAS)
• Starting speed: 3.2-3.6 mph (based on height), 0% incline

• Maintain for 1 minute
• Every minute after that:

• Increase incline by 1 degree 
• HR
• Rating of Perceived Exertion (RPE)
• Symptoms

• Stop test due to:
• Symptom exacerbation (>3 point change)
• Voluntary exhaustion (RPE>17)



Graded Exercise Testing

• Evaluation of exercise tolerance using the BCTT within 
one week after SRC did not affect recovery (Leddy et al. 
2018)

• Degree of exercise intolerance is important for 
prognosis (Leddy et al. 2018)

Recovery Timeline Low HR Threshold 
(<135 BPM)

High HR Threshold
(>135 BPM)

Normal Recovery (<21 d) 1 17

Prolonged Recovery (>21 d) 7 2



Graded Exercise Testing

• 138/141 (97.9%) of graded exercise treadmill tests 
were tolerated and contributed valuable clinical 
information in pediatric patients (Cordingley et al. 2016)

• Physiological recovery (n=63)
• Physiological post-concussion disorder (n=58)
• Cervicogenic post-concussion disorder (n=1)



Treatment
In patients with concussion, does addressing, autonomic dysfunction (using 
interventions such as sub-threshold aerobic exercise) improve recovery 
time, compared to rest?



HRV- Biofeedback

• HRV monitoring devices can provide visual and/or auditory 
feedback to train HRV

• Provides visual pacer for patient and tells them when they 
achieve the greatest coherence between RR and HR

• Also addresses secondary symptoms of depression and anxiety
• HRV BFB has a positive impact in reducing stress and anxiety among 

athletes
• Case Study (Lagos et al. 2013)

• After 10 weeks of HRV biofeedback, the athlete exhibited clinically 
significant improvements in total mood disturbance, post-concussion 
symptoms, and headache severity. 

• Diet changes: Autonomic control of the heart rate was modified 
after a short-term low carbohydrate diet (Lima-Silva et al. 2010)



Subsymptom Threshold Exercise

Use graded 
exercise test 
to identify 
symptom-

limited 
threshold HR

Prescribe 
aerobic 

exercise (20 
min/day) at 

80% 
threshold HR 
(for 2 weeks)

If tolerating 
well, increase 
target HR by 

5-10 bpm

Repeat 
process every 
2 weeks until 

85-90% of 
APMHR for 
20 minutes 

without 
symptom 

exacerbation

Begin 
graduated 

RTP 
protocol

Adapted from Leddy et al. 2013



Subsymptom Threshold Exercise

• May result in faster recovery, and improve outcomes in 
adolescents and adults with concussion (Leddy et al. 2010; Kurowski et 
al. 2017)

• Controlled aerobic exercise rehabilitation may help restore 
normal cerebral blood flow regulation in PCS patients (Leddy et al. 
2013)

• Overall 41 of 57 (72%) who participated in the exercise 
rehabilitation program returned to full daily functioning (Baker et 
al. 2012)

• 27 of 35 (77%) from the physiologic PCS group
• 14 of 22 (64%) from the PCS group  

• 41 patients with physiologic post-concussion disorder who were 
treated with subsymptom exercise (Cordingley et al. 2016)

• 37 (90.2%) were clinically improved
• 22 (80.5%) successfully returned to sport



Considerations

• Work with physician and other members of healthcare team.
• Autonomic dysfunction can result in syncope

• Make sure you communicate with patient throughout tests
• Patients can stop tests any time
• Monitor symptoms

• Typically interventions are initiated 2-3 weeks following injury.
• Look at the whole picture.
• Addressing autonomic dysfunction is important, because it can 

increase the risk of long-term mortality (Lanfranchi et al. 2002, 
Ormezzano et al. 2008; Parati et al. 2001)



Limitations

• Low level studies (small number of participants, lack of 
appropriate control groups)

• Differences in methodology
• Time following concussion
• Type of assessments used

• Confounding variables
• Secondary symptoms
• Factors that can affect measures

• Stressà increased sympathetic cardiovascular activity 



Take Home Points
Clinical Bottom Line



Evaluation

• In patients with concussion, does testing autonomic function 
(using tests of autonomic reflex, heart rate variability or 
exercise tolerance) reveal deficits in autonomic functioning 
compared to controls?

• Autonomic reflex tests
• Forced/deep breathing
• Active standing orthostatic test
• Head up tilt test
• Valsalva maneuver

• Heart rate variability
• Exercise tolerance

• Consider adding these assessments or referring



Treatment

• In patients with concussion, does addressing, 
autonomic dysfunction (using interventions such as 
sub-threshold aerobic exercise) improve recovery time, 
compared to rest?

• HRV
• Biofeedback
• Diet changes

• Subsymptom threshold exercise



Conclusion

• Cardiovascular disruptions can occur following concussion, and 
can be detected with standard autonomic tests and graded 
exercise testing.

• Cardiovascular disruptions can be treated with sub-symptom 
threshold exercise. 

• For optimal outcomes, clinicians should be able to identify 
autonomic disruptions, and works as part of a healthcare team 
to provide the appropriate treatment.
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Thank You!
Questions?


