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Abstract
Amyotrophic lateral sclerosis (ALS) is a degenerative disease that classically affects the motor neuron, causing paralysis, flaccidity and death. 

However, although its etiopathogenesis is not fully elucidated, it is known that its involvement is not only motor, but also has a strong interaction 
with the autonomic nervous system, with cardiovascular, gastrointestinal and sleep effects, for example. The disease, which leads to death mainly 
from respiratory complications, also has underestimated cardiovascular effects, like increased heart rate variability, malignant arrhythmias and 
sudden death. These aspects raise several questions, such as whether there is a direct correlation between autonomic effects and the underlying 
disease, whether the onset of autonomic symptoms occurs at an early or late stage of the disease and whether there is an effective therapy to 
modulate these alterations. A valid question is whether the use of beta-blockers would be effective in modulating symptoms related to increased 
heart rate and in preventing sudden death and malignant arrhythmias found in some of these patients. It is also important to highlight the role of 
motor and respiratory physiotherapy in controlling complications of the respiratory system and in improving the quality of sleep of patients with 
ALS. With this, it is important that we see that amyotrophic lateral sclerosis is not an exclusive motor neuron disease, but has other mechanisms 
that have not yet been fully clarified, including autonomic changes. Thus, we must direct therapies and studies to these changes, which have a direct 
impact on the patient’s morbidity, mortality and quality of life.
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Views and Reviews
Amyotrophic lateral sclerosis (ALS) is characterized by the 

degeneration of both lower and upper motor neurons, which leads 
to muscle weakness, paralysis, and death. Currently, there is no 
effective therapy. The majority of ALS cases are sporadic, with no 
known family history; unfortunately, the etiology remains largely 
unknown. In most individuals, the mechanisms underlying the 
disease’s development are poorly understood, although some 
patients have the familial disease and harbormutations in genes 
that have various roles in neuronal function. Very recent studies 
have identified that the degeneration of motor neurons in ALS is 
apoptotic cell death that may occur by an abnormal programmed 
cell death (PCD) mechanism [1,2]. The deaths directly caused by 
ALS result from respiratory complications. This occurs primarily 
from the patient’s inability to ventilate as respiratory muscle 
weakness progresses. In patients with bulbar weakness, aspiration 
of secretions or food may occur and precipitate pneumonia, 
resulting in further respiratory compromise; therefore, aggressive 
respiratory management is necessary in the comprehensive care 
of patients with ALS. Another common cause of death in ALS is 
sudden cardiac death [3-6].

Changes in the Autonomic Nervous System in ALS
In recent years, several studies have shown that ALS is more 

than a pure motor neuron disease. The autonomic nervous system 
is also involved in ALS, since increased heart rate variability [4,6] 
and increased QTc intervals in electrocardiogram (ECG) have 
been reported [7]. Decreased heart rate variability and a loss of 
correlation between blood pressure and heart rate also have been 
described [8,9]. Cardiac involvement has been reported in ALS 
by ECG, echocardiography [10], and postmortem examination7. 
The involvement of the autonomic nervous system could increase 
the risk of heart rhythm disturbances or sudden cardiac death 
[11,12]. Subclinical cardiac involvement has been reported [13,14], 
including non-specific ECG and echocardiographic abnormalities.

ALS patients with respiratory-dependent ALS die of sudden 
cardiac arrest or anoxic encephalopathy following circulatory 
(collapse) problems, which may be associated with sympathetic 
hyperactivity. Ample evidence exists for subclinical dysfunction of 
cardiovascular, sudomotor, gastrointestinal, salivary, and lacrimal 
regulation, even in early ALS cases. Autonomic disturbances may 
lead to circulatory collapse or sudden death in respirator dependent 
patients. Several studies suggest the existence of sympathetic 
hyperactivity in ALS [15].

These aspects raise several questions: Are the autonomic 
changes directly linked to the underlying disease? Cardiological 
changes are early or appear late during the course of the disease, 
especially when patients are in need of ventilatory support; can 
respiratory rehabilitation processes contribute to the worsening of 
cardiac dysautonomy? Is there any prophylactic for dysautonomic 
treatment?

Tanaka et al. [16] investigated cardiac sympathetic modulation 
in 63 patients and 10 healthy volunteers using cardiac [(123)
I] metaiodobenzylguanidine (MIBG) scintigraphy in the early 
phase and washout ratio (WR) at the time of diagnosis. The WR 
of cardiac [(123)I] MIBG scintigraphy, which indicates cardiac 
sympathetic activity, was significantly increased in these patients 
compared with a control. Patients with an increased WR exhibited 
a higher progression rate compared with those with normal WR. 
Moreover, the survival of ALS patients with increased WR was 
significantly decreased compared with those with normal WR. 
The cardiovascular consequences related to ALS are relatively 
underappreciated. The disease invokes a systematic degeneration 
of autonomic neurons leading to autonomic dysfunction. Patients 
with advanced amyotrophic lateral sclerosis experience loss of 
heart rate variability and enhanced vasomotor responses [17,18].

Druschky et al. [19] evaluated 40 individuals with ALS and 
the autonomic cardiac nervous system’s involvement in the early 
stages. Both sympathetic and parasympathetic dysfunction was 
observed in 40% out of all patients. The results indicate that ALS 
patients with mild to moderate impairment may have evidence of 
cardiovagal denervation or postganglionic sympathetic adrenergic 
cardiac. The original concept of ALS as an isolated degeneration of 
motor neurons seems, according to these findings, to extend to a 
more widespread understanding of the disease which multisystemic 
involvement.

A new problem is the incidence of pTDP-43 aggregates in the 
skeletal and cardiac muscles of patients with ALS and those with 
neuromuscular diseases (NMDs) and non-NMDs. Two types of 
pTDP-43 aggregates were distinguishable morphologically: dense 
and short linear filamentous. In ALS, pTDP-43 aggregates were 
most frequent in the diaphragm muscle. The mean density of pTDP-
43 aggregates in ALS was significantly higher than that in NMDs 
and non-NMDs. Findings indicate that pTDP-43 aggregates in 
skeletal and cardiac muscle are a myogenic pathological marker in 
multiple diseases including ALS and undoubtedly further enhance 
muscle and myocardial denervation [19]. Another point worth 
mentioning is the sleep pattern in patients with ALS. This group 
showed significant sleep alteration: decreased total sleep time and 
sleep efficiency, increased nocturnal awakenings, reduced REM 
sleep, and reduced CAP rate. Moreover, a significant reduction in 
HRV parameters was observed during all sleep stages, indicative of 
impaired autonomic oscillations. It seems crucial to us to create a 
treatment strategy for autonomous modulation in this population. 
ALS-associated respiratory insufficiency differs in mechanism from 
the more common causes of dyspnea, such as diseases of pulmonary 
or cardiac origin [20].

The first question raised and answered based on the relevant 
literature would be: Could the use of beta-blockers promote relief 
of symptoms related to increased heart rate, and, we ask, could 
they play a role in encouraging catabolism? Another interrogation 
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that lead us to the second question would be: Does the autonomic 
alteration distort a strategy to avoid future cardio-pulmonary 
problems? In view of this, could we design drug and rehabilitation 
strategies to offer comfort, reducing the symptoms associated 
with increased heart rate? It seems clear, from what has already 
been explained above, that catabolic function in patients with ALS 
is already present at the beginning of the clinical picture, mainly 
in the bulbar form. The observed autonomic dysfunction initially 
leads to tachycardia episodes, late associated with symptomatic 
supine hypertension in some cases. However, observations suggest 
that the problem may be greater [21-25].

In the evaluation of patients who had sudden cardiac death, 
paroxysmal sympathetic hyperactivity was observed as a risk factor 
[26]. Empirically, some therapeutic measures for sympathetic 
hyperactivity have been suggested, with the use of non-selective 
beta-blockers, such as propranolol and labetalol, being apparently 
effective in preventing episodes. Selective beta-blockers do not 
appear to be effective [27]. Another study identified significant 
prolongation of the QTc interval in patients with advanced disease, 
associated with sympathetic hyperactivity, as a possible cause of 
sudden death in this population [28,29]. This would benefit from 
the use of beta-blockers in these patients, not only for symptom 
control, but eventually reducing the risk of sudden death. However, 
targeted studies still need to be carried out to confirm that 
hypothesis. The prolongation of the QTc interval in patients with 
ALS must be observed carefully during the outbreak of COVID-19, 
since many patients have been using hydroxychloroquine, which is 
a treatment that has no proven effectiveness in COVID-19 but has 
been misused by many patients on their own or wrongly prescribed 
by their physicians. It is worth noting that hydroxychloroquine can 
prolong the QTc interval [30,31], which is highly relevant in the case 
of ALS patients, who may already have this electrocardiographic 
alteration. Thus, quaternary prevention should be performed to 
encourage the abandonment of the use of hydroxychloroquine as a 
treatment for covid-19, especially in patients with ALS.

When analyzing the cardiovascular autonomic pattern at rest, 
two distinct groups can be observed, those with increased cardiac 
sympathetic activity and those with decreased activity. However, in 
both groups it is altered to the postural challenge. Thus, a head-up 
tilt table test, associated with heart rate variability by Holter and 
variation in systolic blood pressure over 24 hours could identify 
prognostic factors and help to improve the clinical management of 
these patients [30]. 

Rehabilitation in ALS and Cardiovascular 
Modulation Autonomic

About rehabilitation, especially cardiovascular responses, 
which could impact autonomic modulation, great attention should 
be paid to the prescription of physical exercise. Since already 
committed neuromuscular units will be recruited, this fact can 
cause the metaborreflex [21] related to peripheral musculature to 

be triggered early, due to aspects such as deconditioning and frank 
catabolism, in addition to altering the process of vagal reentry, due 
to the metabolic expense assumed during exercise, this hypothesis 
could be explained by the excess post-exercise oxygen consumption 
(EPOC) [22]. Despite presenting a high cost, but the ideal would 
be that the prescription was performed based on peak oxygen 
consumption [23], however many times this type of assessment of 
functional capacity is not required for patients with ALS, being often 
restricted prescribing the use of HR, which is a variable affected by 
dysautonomia. Therefore, physical exercise, an essential tool for 
controlling autonomic modulation in patients with ALS, needs to 
have its intensity very well defined, and an excellent cost-benefit 
ratio.

Respiratory Physicaltherapy in ALS And 
Cardiovascular Modulation Autonomic

Another strategy with regard to rehabilitation is the Respiratory 
Physiotherapy being started as soon as possible since once we 
can promote better gas exchange, and that there are few areas of 
atelectasis, the respiratory effort will tend to be less, requiring less 
work on the respiratory muscles, especially the diaphragm and 
intercostal. This goal can be achieved with the use of non-invasive 
positive pressure ventilation at two pressure levels (BiPAP) [24].

The specific training of the respiratory muscles also 
deserves attention since it presents evidence that it can promote 
improvement in the strength and resistance of the muscles 
responsible for breathing [25] and could assist in the regulation of 
autonomic modulation due to being a breath controlled and with 
resistance evoking phenomena of respiratory sinus arrhythmia, 
which would end up not only promoting an increase in inspiratory 
muscle strength but also a possible re-reduction of vagal control, 
however despite the physiological plausibility, this strategy still 
lacks evidence. The point of intersection between Respiratory 
Physiotherapy and Motor Physiotherapy would be to make the 
patient with ALS able to perform the exercises using BiPAP; such 
a strategy is used to increase exercise tolerance, especially aerobic.

Conclusion
In conclusion, with this, it is important that we see that 

amyotrophic lateral sclerosis is not an exclusive motor neuron 
disease but has other mechanisms that have not yet been fully 
clarified, including autonomic changes. Thus, we must direct 
therapies and studies to these changes, which have a direct impact 
on the patient’s morbidity, mortality and quality of life.
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