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Autonomic dysfunction predicts negative 
outcome after ischemic stroke

Inpatient neurologists are well aware of how common auto-
nomic dysfunction is in patients with acute stroke. For those 
of us who no longer practice inpatient medicine, we can 
still remember the many stroke patients we cared for dur-
ing our neurology training: labile blood pressures, refrac-
tory hypertension, fevers, and cardiac arrhythmias were not 
uncommon, despite aggressive treatments. Research has 
demonstrated that impaired heart rate variability correlates 
with both post-stroke disability [4] and all-cause mortality 
[5]. What is less clear is the how the magnitude of auto-
nomic dysfunction in the acute stroke period influences 
stroke recovery.

Xiong and colleagues have attempted to help answer 
this question in their recent paper published in the Decem-
ber 4, 2017 issue of Stroke [6]. The authors recruited 150 
adult patients who were admitted for mild acute ischemic 
stroke (NIHSS 4–10). Stroke was confirmed on imaging, 
and patients were recruited within 7 days of stroke symptom 
onset. Patients with arrhythmias such as atrial fibrillation 
were excluded, as were those with hemodynamic instability 
or major concurrent illness (ex. chronic obstructive pulmo-
nary disease, renal failure, active malignancy), as these vari-
ables may have altered autonomic testing results.

Autonomic cardiovascular testing was performed with 
a portable system (Task Force Monitoring, CNSystems) 
capable of measuring beat-to-beat BP and HR. All patients 
underwent measures of HR variability with deep breathing, 

Valsalva maneuver, sustained handgrip testing, and active 
standing to calculate BP responses and the 30:15 ratio. 
Patients were grouped according to the Ewing classifica-
tion [7]: Normal: all tests normal or one borderline; early 
involvement: one of the three HR tests abnormal or two bor-
derline; definite involvement: two or more of the HR tests 
abnormal; severe involvement: two or more of the HR tests 
abnormal plus one or both of the BP pressure tests abnormal, 
or both borderline; atypical pattern: any other combination 
of abnormal tests. Patients with normal or early impairment 
were classified as “minor autonomic function impairment” 
by the authors, whereas the remaining patients in the defi-
nite, severe, or atypical groups were classified as “significant 
autonomic function impairment.” Patients were reassessed 
at 3 months, and their outcome was dichotomized based on 
their Rankin score: good (modified Rankin Scale score 0–2) 
or poor (modified Rankin Scale score 3–6). The authors then 
calculated odds ratios of the magnitude of autonomic dys-
function related to poor functional outcome.

Most patients were men (71%), with a mean age of 
66.4 ± 9.9 years. The majority (76.0%) of patients were 
classified as having significant autonomic dysfunction. After 
adjusting for statistically significant confounding variables, 
such as gender and NIHSS on admission, the magnitude 
of autonomic dysfunction independently predicted an unfa-
vorable outcome, with an odds ratio of 3.263 (95% confi-
dence interval, 1.141–9.335; p = 0.027). A poor functional 
outcome was seen in 32.5% of patients with significant 
autonomic impairment, compared to 13.9% of patients with 
minor autonomic impairment (p = 0.031). Patients in the 
poor outcome group were more likely to be women, have a 
higher NIHSS score on admission, and have more significant 
autonomic dysfunction.

The authors suggest several possible explanations for 
the greater risk of poor outcome in those with significant 
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autonomic impairment. Cerebrovascular autoregulation is 
impaired in acute ischemic stroke, and an inability to regu-
late labile blood pressure may result in a greater degree of 
cerebral ischemia. Other studies have demonstrated a reduc-
tion in parasympathetic tone after ischemic stroke [8], and 
a shift to sympathetic predominance has been shown to 
increase proinflammatory cytokine production, hypergly-
cemia, and blood–brain barrier permeability, which would 
negatively affect stroke recovery. Sympathetic predominance 
also increases the risk of atrial fibrillation, which impairs 
recovery.

There are, of course, several limitations to this study. The 
authors admit that medications such as anti-hypertensives 
may have affected the test results, as well as the inclusion 
of diabetic patients, in whom comorbid autonomic dys-
function is common. The autonomic testing was performed 
in a hospital and not in the controlled environment of an 
autonomic laboratory, therefore myriad environmental con-
founders could have influenced test results (food ingestion, 
hydration status, time of day, sleep deprivation, etc.). The 
authors did not describe the specific abnormalities seen 
on autonomic testing, but rather reported the Ewing clas-
sification only, which is helpful for statistical analysis but 
does not add to the understanding of the pathophysiology. 
It would have been important for the authors to describe the 
specific components of autonomic testing that were affected, 
which branches of the autonomic system were more heavily 
involved (sympathetic vs. parasympathetic), and how these 
details factor into stroke recovery prognosis. Nevertheless, 
this study provides objective evidence of what neurologists 
have anecdotally observed since they began monitoring 
stroke patients in the hospital setting: acute stroke produces 
autonomic dysfunction, and further understanding and treat-
ment of this autonomic dysfunction may lead to improved 
outcomes in stroke survivors.

Getting closer to the truth in pure 
autonomic failure

Pure autonomic failure (PAF) is the only α-synucleinopathy 
without significant CNS findings of motor or cog-
nitive impairment, differentiating it from the CNS 
α-synucleinopathies of Parkinson’s disease (PD), multiple 
system atrophy (MSA), and dementia with Lewy bodies 
(DLB). Longitudinal studies suggest that some patients with 
PAF may eventually evolve into a central α-synucleinopathy 
over time [1]. In most patients with PAF, autonomic fail-
ure is due to α-synuclein-mediated post-ganglionic sym-
pathetic denervation. This is in contrast to MSA, in which 
α-synuclein-mediated pathology is typically pre-ganglionic. 
Recently, investigators have utilized epidermal skin biopsy 
to observe this pathological change as a potential biomarker 

in DLB and PD [2]. Other tests such as plasma norepineph-
rine levels and cardiac sympathetic imaging may aid in the 
diagnosis; however, few centers routinely perform these tests 
and they are rarely employed in clinical practice.

While we have clear scientific evidence for peripheral 
sympathetic impairment in PAF, it is unclear if this sym-
pathetic impairment is functional or structural. To address 
these questions, Guo and colleagues [3] undertook an ele-
gant study with multimodal investigation of sympathetic 
function in patients with PAF, MSA and healthy controls. 
All subjects underwent tilt-table testing with assessment of 
arterial norepinephrine levels and clearance. In addition, 
patients had muscle sympathetic nerve activity measured. To 
measure peripheral sympathetic nerve function, patients had 
forearm vein biopsies under local anesthesia. Western blot 
analysis of various norepinephrine-related proteins found in 
sympathetic nerves was performed on this tissue.

Patients with PAF had normal norepinephrine transporter 
(NET) levels; however, they had reduced levels of tyrosine 
hydroxylase (p < 0.0001) and vesicular monoamine trans-
porter 2 (VMAT2) protein expression (p < 0.05), compared 
to controls and patients with MSA. In addition, the plasma 
3,4-dihydroxyphenylglycol (3,4-DHPG): norepinephrine 
(NE) ratio was higher in patients with PAF compared to 
controls (p < 0.05). The authors concluded that normal NET 
levels suggest an intact sympathetic nerve with reduced NE 
synthesis in patients with PAF. Elevated plasma ratios of 
3,4-dihydroxyphenylglycol: norepinephrine and reduced 
VMAT2 in PAF patients indicate a shift towards intraneu-
ronal norepinephrine metabolism over sequestration in sym-
pathetic nerves. Overall, these findings indicate that there is 
a likely a sympathetic dysfunction preceding sympathetic 
nerve degeneration.

This study brings us closer to the etiology of sympathetic 
and autonomic failure in PAF but has several limitations. 
First, the sample size was small. Second, staining for periph-
eral α-synuclein would have made it possible to correlate the 
degree of sympathetic changes and α-synuclein deposition, 
especially since previous work suggests that α-synuclein 
deposition correlates with autonomic failure on testing. As 
the authors discuss, it is possible that there is differential 
involvement of sympathetic fibers in different organs, and 
previous studies documenting α-synuclein deposition in epi-
dermal nerve fibers on skin biopsy samples do not correlate 
with the findings seen in this study. A longitudinal study in 
a PAF cohort with additional staining methods will help us 
evaluate this further. Nevertheless, we are getting closer to 
the truth, and hopefully our improved understanding will 
lead to therapeutics that can prevent progression of disease.
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