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Summary

The cough reflex is an airway defensive process that can be
modulated by afferent inputs from organs located also out of the
respiratory system. A bidirectional relationship between cough
and heart dysfunctions are presented in the article, with the
special insights into an arrhythmia-triggered cough. Albeit rare,
cough induced by cardiac pathologies (mainly arrhythmias)
seems to be an interesting and underestimated phenomenon.
This condition is usually associated with the presence of
abnormal heart rhythms and ceases with successful treatment of
arrhythmia either by pharmacotherapy or by radiofrequency
ablation of arrhythmogenic substrate. The two main hypotheses
on cough-heart relationships — reflex and hemodynamic - are
discussed in the review, including the authors’ perspective based
on the experiences with an arrhythmia-triggered cough.
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Introduction

Cough is a defensive mechanism of the airways
evoked by stimulation of nerve endings localized in
larynx, trachea and main bronchi (Canning et al. 2014). It
is also a common symptom of various pulmonary

diseases. Even though cough is triggered exclusively by
vagal reflex and is aimed at the airway defence, it can be
elicited and modulated by afferent inputs from
extrapulmonary organs, e.g. esophagus or external
auditory canal (Canning et al. 2014, Widdicombe 1995),
because the cough is related to stimulation of vagal
afferents, irrespective of the organ localization
(Widdicombe 1995). Although the vagal nerve plays
a fundamental role in cough, the significance of
convergence of other than vagal afferent inputs to the
neuronal clusters in the brainstem - known as the cough
pattern generator - cannot be ignored. These neuronal
circuits are subjects of neuronal plasticity, where simple
neuronal interaction or more complex neuroplastic
relationships between vagal and other than vagal (e.g.
trigeminal, glossopharyngeal) nerves modulate the final
cough motor pattern (Canning et al. 2014).

Strong  physiological interactions between
respiration and heart function have been well described,
including e.g. the alterations in sinus heart rhythm during
breathing and the hypoxemia causing the increase in
blood pressure and supraventricular arrhythmias in
obstructive sleep apnea (Shepherd 1981, Shivkumar et al.
2016). Also, the impact of cough on heart hemodynamics
associated with the robust changes of intraabdominal and
intrathoracic pressure, influencing preload or afterload, is
well known (Sharpey-Schafer 1953, Lo Mauro and
Aliverti 2018). However, there is anumber of case
reports documenting an opposite relation, e.g. heart
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diseases, mainly arrhythmias, being a trigger of cough
(Hargreaves and Channon 1994, Odeh and Oliven 1996,
Niimi et al. 2005, Stec et al. 2007, Brandon 2008, Stec et
al. 2009, Patberg et al. 2012, Hasdemir et al. 2013,
Ozturk and Yetkin 2016). Although the prevalence of
arrhythmia-related cough seems to be rather low, the
mutual interactions have been recently recognized by
national and international cough guidelines (Kardos et al.
2010, Irwin et al. 2018, Lai et al. 2018). Nonetheless, the
mechanisms of heart disorder-related cough still remain
not completely elucidated. Therefore, the main objective
of this review is to discuss the available data on possible
heart-cough relations. Both directions of the heart-cough
interactions are reviewed. First, the effect of cough on
heart function is presented and then, the mechanisms of
“cardiac cough” or "cough triggered by heart function
disorders" are discussed.

Physiology of cough

Cough induced from airways

There is indisputable evidence on the close
relationship between cough and vagal nerve function. The
vagotomy or vagal nerve cooling in animals completely
abolishes cough (Canning et al. 2006). The bodies of the
neurons innervating airways are located in the nodose and
jugular ganglia of the vagal nerve (Mazzone 2005).
Airway afferents relevant for cough are classified into
mechano- and chemosensitive terminals depending on
their activation profile. Airway mechanosensors are
derived from the nodose ganglion and terminate in
airways and lungs. These fibers have relatively fast
conduction speed (10-20 m/s) and their endings are
classified as rapidly or slowly adapting receptors (RARs
and SARs, respectively) based on the adaptation pattern
to the lung inflation. The main stimuli for these receptors
include lung volume changes, contraction of airway
smooth muscles and the airway wall edema. These fibers
participate in the regulation of breathing pattern,
bronchomotor response and other reflex responses in the
respiratory tract (Mazzone 2005, Widdicombe 1995).
They are not sensitive to chemicals, unless these
substances cause airway edema, increase mucus secretion
or induce the changes in airway muscle tone. The role of
RARs and SARs, as a structural elements of the cough
reflex, is rather limited, they probably regulate the
duration and magnitude of the inspiratory and expiratory
phases of coughing but do not usually initiate the reflex
itself (Canning et al. 2014).

Airway chemosensitive afferents (both C- and
A-delta fiber subtypes) originate from the nodose and
jugular ganglia and they are broadly distributed all over
the airways and lungs. Airway chemosensors are
activated by different endogenous and exogenous
chemicals such as inflammatory mediators, oxidizing
substances or air-born irritants (Canning and Chou,
2009). The unmyelinated C-fibers show low conducting
velocity (0.5-2.0 m/s). They comprise the majority of the
afferent fibers innervating lungs. These include
pulmonary C-fibers (with the endings located in the lungs
and airways receiving blood perfusion from the
pulmonary circulation) and bronchial C-fibers (with
endings located in the larger bronchi receiving blood
supply from bronchial arteries) (Lee and Pisarri 2001,
Kollarik et al. 2010). C-fibers are rather inactive during
the normal breathing cycle, but their activity increases
significantly after exposure to noxious stimuli (Kollarik
et al. 2010). C-fiber terminals are located between the
epithelial cells covering the airways, close to the airway
lumen. This arrangement allows the detection of irritants
entering the airways and makes the C-fibers the perfect
candidates for “cough-related afferents” (Canning et al.
2006). It has been demonstrated that activation of airway
chemosensors is necessary for conscious perception of
airway irritation, which mediates behavioral cough
response (Davenport 2009). A-delta (Ad) fibers are
myelinated afferents that exhibit both chemosensitive and
mechanosensitive properties. They are extrapulmonary,
low threshold and rapidly adapting fibers that conduct
impulses faster than unmyelinated C-fibers, but slower
than other A fiber subtypes. Ad-fibers are sensitive
mainly to the rapid decrease of pH. As documented in
animal studies, both C- and Ad-fibers function
synergistically to regulate cough (Canning 2010).

There is compelling evidence that cough reflex
can be initiated from the larynx, trachea and the main
bronchi. In contrast, there is no sufficient data on the
presence of “cough receptors” in the peripheral airways.
Therefore, the relationship between different conditions
affecting the peripheral bronchi and alveoli and the cough
is unclear (Widdicombe 1995). It has been documented
that the pulmonary C-fibers (called juxta-pulmonary
receptors or J receptors) are activated consistently by
pulmonary congestion and edema, being sensitive to an
increase in interstitial fluid volume, the elevated pressure
in the lung or an increase in the fluid filtration across the
capillary wall (Lee and Pisarri 2001). Noteworthy is the
fact, that intravenous injection of lobeline (the substance
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believed to stimulate J receptors) in a higher dose resulted
in “transient sensations involving the throat, larynx and
upper chest”, but also in cough (Raj et al. 1995, Gandevia
et al. 1998). However, the conditions affecting mainly
peripheral airways and vessels, such as pulmonary
embolism, pneumothorax and pulmonary congestion are
associated with dyspnea and chest tightness rather than
cough (Sellick and Widdicombe 1969, Lee and Pisarri
2001, Kollarik and Brozmanova 2009). One of the
reasons could be habituation of J receptors to the stimuli
by chronic activation of vagal endings as discussed by
Gandevia et al. (1998). Therefore, the role of J receptors
in evoking cough still remains unresolved.

Airway afferent nerves provide the inputs to the
brainstem. They conduct the signals to the second-order
neurons in the nucleus of the solitary tract (nTS) and
some of its subnuclei. Signalling from the airway sensors
to the brainstem circuits is analyzed and processed by
cough pattern generator, which in case of the relevant
afferent stimuli replaces normal respiratory rhythm by
a cough motor pattern (Rybak et al. 2008). Via activation
of respiratory muscles, the motor cough response is
executed with its typical three phases: 1) a deep
inspiration  (inspiratory phase) followed by 2)
compression of the air in the thorax caused by contraction
of the expiratory muscles and the closure of the glottis
(compression phase) and finally by 3) the powerful
forced expiration, which cleans the airways with
characteristic sound (expulsion phase) (Brandimore et al.
2015).

Cough induced from extrapulmonary organs

Although the cough reflex is usually elicited
from the airways, it can be initiated and modulated by
stimuli generated outside of the pulmonary tract as well.
The best documented connection between stimulation of
extrapulmonary vagal nerve endings and cough was
found for the wvagal terminals in the esophagus.
Regardless of the possibility of microaspiration of the
acid aerosol as a trigger of cough, two more important
mechanisms of this interaction are taken into
consideration. These are a reflex interaction between
esophageal and airway fibers generating cough, and
sensitization of cough reflex due to activation of vagal
nerve endings in the esophagus (Kollarik and
Brozmanova 2009, Canning et al. 2014). The vagal nerve
is believed to be the only route involved in this
relationship since there are no proofs for the participation
of spinal or cranial nerves. This might be consistent with

the observations that patients with gastroesophageal
reflux-related cough rarely report typical symptoms like
heartburn, which are mediated by spinal pathways
(Kollarik and Brozmanova 2009). Infusion of acid into
distal esophagus was associated with increased capsaicin
cough sensitivity (Javorkova et al. 2008). Therefore,
among two types of vagal nerve endings detected in the
esophagus, C-fibers are believed to play the main role in
triggering the cough and the role of esophageal
mechanoreceptors is not clear (Kollarik and Brozmanova
2009). The second well-known example of the
involvement of vagal nerve outside the respiratory system
in coughing is the irritation of Arnold’s nerve (a branch
of the vagal nerve innervating external auditory canal)
(Dicpinigaitis et al. 2018). Based on the data presented
above we can assume that stimulation of vagal nerve
terminals in the heart can also trigger cough, thus
explaining the heart-cough relationship.

It’s worth emphasizing that the signal from
airway “cough receptors” can be modulated (enhanced or
diminished) at any level of the neural pathway, including
peripheral afferent parts, ganglia or even the central
nervous system. An interesting concept of the
convergence of afferent inputs to the nTS has been
presented and then confirmed as a mechanism of
coughing provoked by stimulation of vagal afferents
outside the airways. Multiple vagal sensory nerves from
different organs project to nTS and interact with other
afferent inputs by either evoking cough or by modulating
it. For example, stimulation of trigeminal afferents in the
nose can either up-regulate or down-regulate cough
response depending on the subpopulation of afferents
which were stimulated (TRPA1 vs TRPMS8 expressing
afferents) (Buday et al. 2012). Afferent fibers from the
heart also terminate in the nTS, therefore, there is
a suitable platform for mutual anatomical and functional
interaction between cardiac afferents and neurons that
participate in the neurogenesis of cough.

Innervation of the heart

The heart is innervated via both parasympathetic
(vagal nerve) and sympathetic fibers. These fibers form
the cardiac plexus and they are situated close to the
pulmonary trunk. It gives branches to the anterior
pulmonary plexus, to the coronary plexus and directly to
the heart affecting both atrial and ventricular function.
Cholinergic motor control of the heart is widely
distributed being concentrated in the sinoatrial nodal
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region and in the outflow tracts of each ventricle
(Shivkumar et al. 2016). According to Shepherd
(Shepherd 1985), there are 3 main types of afferent
cholinergic nerve terminals in the heart. The first type is
represented by myelinated vagal nerves that are located at
the junction of the venae cavae with the right atrium and
at the point of entry of pulmonary veins to the left atrium.
The second type is unmyelinated afferent vagal nerves
(C-fibers) that create a rich innervation network
throughout the myocardium, pericardium, epicardium,
interstitial and perivascular tissues. Finally, the third type
is both myelinated and unmyelinated vagal afferents that
are present throughout the heart chambers and project to
the spinal cord with the sympathetic nerves. The nerves
transduce mechanical and chemical stimuli through
nodose ganglia as well as through the C6-T6 dorsal root
ganglia to CNS (Shivkumar et al. 2016). The nerve
terminals concentrating at the venous-atrial junctions
react to the degree of atrial filling and project signals to
the sinus node to alter heart rate and maintain a constant
cardiac output. The C-fibers mainly respond to an
increased volume of the heart. The mechanoreceptors
accompanying spinal afferent nerves express the chemo-
sensory properties and function as the polymodal
afferents (Shepherd 1985). Sympathetic nerves project
into the myocardium along with the parasympathetic
innervation and together with sensory fibers act as the
regulators of cardiac function (Kalla 2016).

The afferent fibers from the heart terminate in
the nTS, which is a vital integrating center for the reflex
control of cardiac function, circulation and respiration,
according to the inputs received from the respiratory
system, arterial baroreceptors and chemoreceptors and
receptors in the skeletal muscles. The efferent nerves
project to the cardiac vagal nuclei in the medulla, other
nuclei in the brainstem and to the sympathetic
preganglionic nuclei in the spinal cord and to other brain
regions (Kalla 2016).

Interestingly, stimulation of the nerve endings of
the heart can elicit variable response depending on the
location of distinct pathologies. For example, ischemia
affecting the right ventricle and left inferior ventricular
wall (area innervated mainly by unmyelinated vagal C-
fibers) induces bradycardia and hypotension, while the
same process affecting the anterior wall of the left
ventricle with the higher density of the sympathetic nerve
endings results in tachycardia and hypertension
(Shepherd 1985). Moreover, stimulation of C-fibers in
the heart may not only result in bradycardia and

hypotension but also in apnea, what is known as Bezold-
Jarish reflex and it documents the importance of vagal
nerve in cardiopulmonary reflexes.

Branches of the vagal nerve also form a plexus
around the pulmonary trunk, its bifurcation and the main
pulmonary veins (Shepherd 1981). Therefore, it may be
hypothesized that both heart chambers and pulmonary
vessels may constitute a place of possible vagal nerve
activation in heart dysfunction-related cough.

The impact of cough on heart function

Cough influences heart function either by its

effects on intrathoracic  pressure  resulting in
cardiovascular hemodynamic consequences or by
influencing  heart  electrophysiology causing an

arrhythmogenic effect. It is difficult to distinguish or
separate these two phenomena due to their interplay
(Fig. 1).

The impact of cough on the cardiovascular
system has been documented in numerous previous
studies, especially in the context of cough-induced
arrhythmias, cough-induced conduction disorders or
cough-induced syncope. However, controversies still
exist on the role of cough in cardiopulmonary
resuscitation. These conditions will be discussed below.

Cough and its hemodynamic impact

The deep and vigorous cough results in
significant fluctuations in both intrathoracic and
intraabdominal pressure, up to 250-450 mmHg and 100
mmHg, respectively. It may activate both thoracic pump
mechanism (responsible for increased venous return and
displacing blood from pulmonary veins into the left
atrium) and abdominal pump, that enhances venous
return and moves blood to other organs (Sharpey-Schafer
1953, Lo Mauro and Aliverti 2018). A decreased
intrathoracic inspiratory pressure in the inspiratory phase
leads to an increase in the right ventricle filling. It is
worth mentioning, however, that excessively negative
pressure in the thoracic cavity may yield in large vein
collapse (Pappano and Wier 2013, Culver et al. 2008).
During an expulsive phase of coughing, increased
intrathoracic pressure compresses the heart and the large
vessels and acts as an additional factor of blood ejection
from the heart and its shift to the peripheral vessels (Lo
Mauro and Aliverti 2018). In healthy subjects, the
voluntary cough may cause a shift of a significant amount
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Fig. 1. Possible impact of cough on heart function

of blood (about 200 ml during the compressive phase,
and from 400 to 700 ml during the expulsive phase) (Lo
Mauro and Aliverti 2018) thus increasing the blood
pressure. However, the situation changes shortly after
cough termination.

Physiological studies documented that the
intermittent coughing (when inspiratory effort follows
each cough) is associated with a decline in blood pressure
and peripheral vasodilatation after cough bouts (Sharpey-
Schafer 1953). The increase of intrathoracic pressure
during cough can cause both a decline in venous blood
return and activation of baroreceptors with subsequent
peripheral vasodilatation, eventually resulting in arterial
hypotension. Marked peripheral vasodilatation may result
in syncope, even if cardiac output remains unchanged or
is even increased (Dicpinigaitis 2014). Additionally, high
intrathoracic pressure during coughing may also be
transmitted to the subarachnoid space, resulting in
a reduction of cerebral blood flow, being another possible
mechanism of syncope in a coughing patient.
Interestingly, the intrathoracic pressure may remain
elevated (6-10 mmHg) for some seconds after cough,
probably due to bronchoconstriction and air trapping
during coughing. Therefore, it may additionally augment
the hypotension observed after this motor act (Sharpey-
Schafer 1953).

During continuous coughing, the circulatory
effects are similar to Valsalva maneuver. Termination of

the coughing bout is associated with the period of acute
hypotension accompanied by peripheral vasoconstriction
(Dicpinigaitis 2014). The best characterized clinical
entity caused by the hemodynamic consequences of
cough is a cough-induced syncope.

Cough-induced syncope

Cough-induced syncope is a reflex, transient loss
of consciousness lasting for a few seconds due to an
attack of strenuous cough. After the recovery, patients
usually remember the beginning of cough bout (Brignole
et al. 2018). There are many case series describing the
cough syncope. Interesting data on this phenomenon were
provided in the review by Dicpinigaitis et al. (2014).
According to the literature analysis performed by the
authors, cough syncope may account for 2.6 % (range
0.9-4.2 %) of all syncope cases in adults. There is
a significant predominance of men (about 92 %) affected,
a frequent coexistence of obstructive pulmonary disease
and a variety of the central nervous system disorders in
the patients with cough syncope. It can be mild, with no
serious consequences, however, cases of death due to
cardiac arrest or fatal motor vehicle accidents during
coughing episodes have also been reported (Dicpinigaitis
et al. 2014). Therefore, it is recommended to avoid
driving after the first episode of cough syncope until
syncope is controlled by cough suppression therapy
(Shen et al. 2017).
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The main mechanism responsible for the
syncope seems to be a cough-induced reduction of the
cerebral blood flow either due to a direct or indirect
effect. A direct effect is a peripheral hypotension due to
reduced venous return and cardiac output as
a consequence of very high intrathoracic pressure during
strenuous cough. An indirect effect refers to the increase
in  cerebrospinal  fluid pressure causing brain
hypoperfusion (Dicpinigaitis et al. 2014). Interestingly,
male predominance and the concomitant obstructive
airway disease suggest that the higher intrathoracic
pressure generated during coughing may be relevant in
cough syncope. An additional impact of neural reflex
mechanism on vasodilatation should also be considered,
due to the fact that the patients with cough syncope
demonstrate more pronounced hypotension, inappropriate
cough-triggered blood pressure-heart rate relationship and
a slower recovery of blood pressure when compared to
other syncope patients (Benditt et al. 2005).

Cough and its effect on heart electrophysiology

Although the primary role of the lung afferent
nerve fibers is to modulate the breathing pattern (e.g.
Hering-Breuer reflex), activation of some of their
subpopulations also causes the reflex changes in the
cardiovascular system (Shepherd 1981). For example, the
stimulation of the pulmonary C-fibers may result in
bradycardia (beginning even with asystole) and systemic
and pulmonary hypotension (Lee and Pisarri 2001,
Canning et al. 2014). This vagal stimulation may entail
a depression of automaticity of both the sinus and
atrioventricular nodes, prolongation of the refractory
period of the junctional tissues and depression of
sinoatrial and atrioventricular conductivity (lrani and
Sanchis 1971). These interactions are mainly related to
parasympathetic  activation, = however  coexisting
withdrawal of sympathetic influence is also considered.

Besides the reflex bradycardia, a forceful cough
may cause sinus tachycardia. Wei and Harris (1982)
documented a chronotropic response to intrathoracic
pressure changes generated by cough. In their study
group, three forceful coughs performed over a period of 3
sec resulted in a reproducible increase in the rate of sinus
rhythm (from mean 72 to 94 beats/min). This
phenomenon was found to be dependent on patient’s age,
with an advanced age resulting in a decline in both the
amplitude and rapidity of the chronotropic response of
sinoatrial node to cough (Wei et al. 1983).

Interestingly, activation of the vagal nerve may

also show an arrhythmogenic effect. The vagal
stimulation may lead to the hyperpolarisation of the
membrane, the depression of the phase 4 depolarization
and the shortening of the duration of the action potential
of atrial muscle cells as the result of increased outward
potassium conductance (Omori et al. 1984). That may
result in a more frequent occurrence of supraventricular
ectopic beats (SVEBSs) due to the enhanced excitability of
the atria. This hypothesis seems to be supported by the
effect of atropine and digitalis on arrhythmias in patients
with cough-induced arrhythmia. As documented by
Omori et al. (1984) the arrhythmia in those patients was
inhibited by atropine and enhanced by intravenous
administration of digitalis what additionally points to
a vagotonic effect. Also, atrial fibrillation mediated by
the vagal nerve is a well-known phenomenon (Omori et
al. 1984).

If it is assumed that chronic cough may be
associated with the increased vagal nerve excitability or
its hypersensitivity, a potential impact of cough on
parasympathetic innervation of the heart resulting in sinus
bradycardia, advanced atrioventricular block,
hypotension or even supraventricular arrhythmia cannot
be excluded.

Cough-triggered arrhythmias

As presented above, the cough has an impact on
different parameters of cardiac electrophysiology and
may lead to disturbances in both impulse generation and
conduction. Cough-induced arrhythmia, either atrial or
ventricular, has been reported and supported by the
observations of the close symptoms co-occurrence and
arrhythmia resolution after vagal block or ablation.

Cough-triggered atrial arrhythmias: One of the
first examples of arrhythmia, including a premature atrial
and ventricular contractions (PACs and PVCs), related to
coughing but also swallowing, speaking and other types
of pharyngeal stimulation was described by Omori et al.
(1984). The authors found no effect of different
antiarrhythmic drugs (e.g. lidocaine, verapamil, digitals)
except atropine on the occurrence of cough-related PACs.
This finding proves the role of the vagal nerve in the
pathogenesis of this type of arrhythmia.

Other examples are PACs and atrial tachycardia
triggered by spontaneous or voluntary cough reported by
Wang et al. (2017). The authors presented a case report
of a patient with 2-year history of cough-induced
palpitations that were unresponsive to conservative
treatment. After ablation of the right-sided posteroinferior
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part of interatrial septum the cough-triggered arrhythmia
vanished. The authors hypothesized that the mechanism
of cough-triggered arrhythmia was a neural reflex,
probably more vasovagal than adrenergic, due to lack of
response to isoproterenol infusion. They suggested that
cough may trigger a vasovagal reflex by increasing the
right atrium pressure what strengthens the vagal tone.
This could lead to the dispersion of atrial repolarization
and favor the occurrence of micro-reentry in some
specific parts of the atrium (Wang et al. 2017).

Cough-triggered  ventricular  tachycardia:
Although the cough has been recommended as a tool for
reversal of life-threatening ventricular tachyarrhythmias,
some reports pointed towards an opposite situation, i.e.
triggered by cough attacks ventricular tachycardia (VT)
(Reisin et al. 1994). The example can be the cough-
induced VT in a patient with a left ventricular assist
device described by Ruckdeschel et al. (2016).

Cough-triggered cardiac conduction disorders

Besides an active heterotopy which manifests as
PACs, PVCs, SVT or VT the conduction disturbances
triggered by cough have also been reported.

Cough-induced sinus arrest: Sinus arrest as
aresult of voluntary or refractory cough of known or
unknown origin was documented in two case reports
(Choi et al. 1989, Aliyev et al. 2012).

Cough-induced atrioventricular (AV) block: The
larger number of case reports presented cough-induced
AV blocks, including Mobitz type Il (Irani and Sanchis
1971, Baron and Huang 1978) and complete AV block
(Irani and Sanchis 1971, Hart et al. 1982, Saito et al.
1982, Lee et al. 1999, Waldmann et al. 2017). In the
majority of the reported patients, AV block was not
triggered by other well-described maneuvers such as
carotid sinus massage or interventions, e.g. intravenous
administration  of propranolol or irritation  of
baroreceptors with methoxamine-induced hypertension
(Baron and Huang 1978, Saito et al. 1982). In only one
case the AV block was reproducible during deep
inspiration, Valsalva maneuver and coughing (Irani and
Sanchis 1971). The significance of cough-induced vagal
activation  was  demonstrated by intravenous
administration of atropine that resulted in a complete
cessation of cough-induced sinus arrest or suppression of
AV conduction (Saito et al. 1982, Aliyev et al. 2012).
The authors hypothesized that AV  conduction
disturbance may be associated with hypersensitivity of
bronchopulmonary receptors to cough resulting in

excessive stimulation of the vagal nerve. Animal studies
showed that both a baroreflex and a broncho-pulmonary
reflex may cause AV block when the sinus node is
incapable to slow down appropriately during stimulation
what can be observed during e.g. atrial fibrillation (Saito
et al. 1982).

Cough-induced conduction disturbances can lead
to syncope. There are some case reports on cough-
induced, paroxysmal, complete or partial AV block with
ventricular asystole (Irani and Sanchis 1971, Baron and
Huang 1978, Hart et al. 1982, Saito et al. 1982, Lee et al.
1999, Waldmann et al. 2017) or sinus arrest (Aliyev et al.
2012) resulting in syncope or presyncope. The
mechanism of this phenomenon is probably associated
with a hypersensitive bronchopulmonary reflex during
coughing that induces a complete AV conduction block.
Premature ventricular contractions that evoked cough and
syncope have also been reported (Stec et al. 2007).
However, the causal relationship between the syncope
and PVCs or the syncope and PVC-induced cough was
not fully elucidated in that case.

Cough and cardiopulmonary resuscitation (cough-CPR)
It has been shown that significant intrathoracic
and intraabdominal pressure swings associated with
a forceful coughing may affect a maintenance of blood
flow during unstable cardiac rhythm, e.g. ventricular
fibrillation, asystole or even bradycardia and hypotension
that may occur after intracoronary injections of contrast
medium (Wei et al. 1980, Reisin et al. 1994, Lo Mauro
and Aliverti 2018). Furthermore, it was estimated that
cough may generate approximately 1 to 25 J of kinetic
energy, which is sufficient enough to even convert the
arrhythmia by its effect on cardiac depolarization (Reisin
et al. 1994, Girsky and Cirley 2006). Therefore, it was
suggested, that cough could be an easy and successful
form of “cardiac massage” due to the intrathoracic
pressure fluctuations maintaining enough blood flow to
the brain allowing for patient’s consciousness up to 90
seconds until the arrhythmia is treated (Lo Mauro and
Aliverti 2018, Trethewey 2018). Despite a few case
reports describing a positive effect of cough in patients
with unstable cardiac rhythm and potential impact of
cough on maintaining blood pressure, the procedure has
not been recommended by guidelines as a form of
traditional CPR (American Heart Association 2019,
Resuscitation Council 2019) and is even considered
possibly harmful by some authors (Trethewey 2018,
McLachlan et al. 2007, Resuscitation Council 2019).
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Heart diseases and their impact on cough

To date, neither animal nor human studies
provided data for sufficient explanation of the mechanism
behind cough induced by heart disorders. “Cardiac
cough” and hypotheses on its pathogenesis are based on
careful clinical observations of patients with arrhythmias
who also presented with a chronic cough which resolved
after successful pharmacotherapy or radiofrequency
ablation with the restoration of normal cardiac rhythm.

| COUGH

In general, two main mechanisms have been
postulated which may trigger cough in patients with heart
function disorders. The first one points towards the reflex
interactions between heart afferent nerves and cough
neural pathways, while the second mechanism is based on
hemodynamic changes in lung circulation caused by heart
dysfunction. It is important to note that in some cases it
may be impossible to distinguish these two mechanisms,
e.g. in arrhythmia-induced cough. The hypothetical
mechanisms of “cardiac cough” are depicted in Fig. 2.

Interaction with vagal nerve

Probable

terminals from airwaysin
gangliaor CNS

irritation of
phrenic nerve

pulmonary trunk

L—l—l

Stretch of the Stretch of
ventricle the atrium

|

T HEART DISORDERS 41
Probable stimulation of vagal = Probable activation
nerve endings in atrial, Cardlac. Ht.eart of vagal nerve
ventricular wallor arrhythmia failure endings in bronchi

Dilatation of
heart chambers

Compression
on bronchi

N blood back flow to

M blood pulmonary flow il BTV

Pulmonary
congestion

Probable activation of
vagal nerve endingsin

alveoli, bronchiolesor

Fig. 2. Possible mechanisms of heart dysfunction-induced cough

Neural reflex hypothesis

The common vagal innervation of heart and
airways provides a perfect background for
cardiopulmonary or cardiothoracic reflexes. Moreover,
previously presented examples of cough evoked by
stimulation of the extrapulmonary vagal nerve terminals
provide a reasonable basis to perceive vagal reflex as the
main mechanism of cough induction by heart diseases.
Hence, it has been hypothesized that stimulation of
cardiac vagal nerve endings may interact with impulses
from the respiratory system or it may act centrally at the
level of nTS and neighbouring areas promoting enhanced
cough responsiveness (Canning et al. 2014). It should
also be considered that cough neural pathways could be
affected either by activation of vagal nerve endings in the
heart itself or its afferents in the main pulmonary vessels.
Herein, the nerve terminals can be activated by the
reverse blood flow to the pulmonary veins resulting in
transient lung congestion or by increased blood flow into
the pulmonary trunk and its bifurcation. Irritation of

lung interstitium

phrenic nerve based on its anatomical proximity cannot
be excluded as well.

Pachon et al. (2005) demonstrated that the
parasympathetic afferent fibers are present within the
coronary sinus ostium, crista terminalis and interatrial
septum areas. The endocardial radiofrequency ablation
(RFA) of these areas is frequently performed as
a treatment option for patients with vagal nerve mediated
paroxysmal sinus bradycardia and/or atrioventricular
blocks. Interestingly, in some patients  with
atrioventricular nodal reentry tachycardia (AVNRT), both
tachyarrhythmia and cough episodes can be induced
simultaneously during the invasive electrophysiological
studies (EPS). These patients are usually sensitive and
prone to suffer from cough episodes during ventricular
pacing, junctional rhythms and fast atrial pacing
mimicking AVNRT. In some cases, cough episodes
disappear after RFA, although the arrhythmia itself
persists and the further additional applications or the
second procedure is essential to terminate the arrhythmia
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itself  (personal observation). Based on these
observations, we may speculate that RFA leads to the
changes in the cardiac autonomic innervation and
decreased parasympathetic nerve activity. Perhaps, the
destruction of the epicardial postganglionic cells of the
vagal nerve caused by RFA leads to cough resolution
triggered by the arrhythmia. The destruction of the
parasympathetic fibers seems to be more pronounced and
more persistent than the destruction of postganglionic
sympathetic axons because parasympathetic
postganglionic cell bodies are situated directly in the
heart ganglia, close to the myocardial wall and aorta
(Shivkumar et al. 2016).

Furthermore, irritation of the phrenic nerve as
possible afferent signalling pathway of the cardiac cough
reflex should also be considered. The right phrenic nerve
is located in close proximity to both atria and pulmonary
veins. Its proximity to cardiac structures, as well as the
fact that it supplies sensory fibers to the pericardium,
could explain phrenic nerve stimulation e.g. by atrial
contractions or transcatheter EPS interventions on the
atrium or around the pulmonary veins (Brandon 2008).
High output pacing of the phrenic nerve is an obligatory
maneuver to check its individual epicardial location prior
to and sometimes during the catheter ablation. Such
pacing results in fast contraction of the diaphragm that is
associated with cough in some patients. On the other
hand, the cough may be one of the symptoms presented
by patients with phrenic nerve injury during catheter
ablation (Sacher et al. 2006). However, the literature data
regarding this issue is scarce.

Stec et al. (2009) found that in patients with
cough triggered by PVCs, the cough appeared not only
immediately after PVC but also after the changes in heart
frequency. Therefore, the influence of changes in
sympathetic and parasympathetic tone balance should be
considered as a potential mechanism for triggering cough.

Finally, the importance of the neural network in
medulla oblongata should be particularly emphasized.
The proximity of autonomic centers in the medulla
oblongata, regulating respiration and cardiac function
may predispose to centrally-mediated interactions and
signal transmission among neural circuits influencing
regulation of parasympathetic or sympathetic outflow
with direct impact on cough or heart function.
Interestingly, abnormalities in that region, e.g. medullary
infarction, may cause simultaneously cough, bradycardia
and syncope (Takazawa et al. 2014).

Hemodynamic hypothesis

Heart dysfunction, including arrhythmias and
heart failure, may result in hemodynamic changes in both
the heart chambers and the pulmonary circulation. These
changes are construed as the possible stimuli for vagal
afferents that can elicit the cough reflex. For example, the
ectopic beats in PVCs, and probably less likely
supraventricular extra beats (SVEBS) are associated with
the increased blood flow in the pulmonary trunk due to
the higher ejection volume after the compensatory pause.
It can cause vessel wall distention and stimulation of
vagal nerve endings located in the pulmonary arteries or
within the plexus surrounding the pulmonary trunk. Niimi
et al. (2005) demonstrated an increase in the pulmonary
artery flow volume from 65 to 91 ml/s after PVCs in
patients with arrhythmia-induced cough. Similarly,
Hasdemir et al. (2013) reported an increase in systolic
pulmonary artery pressure caused by PVCs during
continuous-wave Doppler echocardiography (from 33 to
39 mmHg) and the change in blood flow velocity from
2.5 to 2.8 m/s. In the paper by Niimi et al. (2005), PVC-
induced mitral regurgitation flow was also observed but
as it was insignificant, the authors found it rather unlikely
that PVC-induced changes in the left atrium could trigger
cough.

Stec et al. (2007) documented that PVCs
evoking cough were associated with the augmentation of
peak flow velocity, as well as stroke volume, in the right
ventricular outflow. However, a decreased velocity-time
integral and stroke volume in left ventricular outflow by
about 25 %, without any reverse flow to the pulmonary
veins, strongly suggested no role for intermittent
pulmonary venous congestion (Stec et al. 2007).
Moreover, the backflow of blood, observed after PVC
during mitral valve closure, could also stimulate
parasympathetic receptors in the atrial wall and
pulmonary veins.

Although in the case presented by Stec et al.
(2007), the possibility of intermittent lungs congestion
during arrhythmia-induced cough was discussed as
unlikely, the question remains rather unsettled. The
pulmonary venous congestion seems to be a probable
mechanism of cough triggered by heart dysfunction due
to both heart failure and arrhythmia. Left atrial pressure
(LAP) increase is one of the major hemodynamic effects
of ectopic beats. This may result in bronchial venous
congestion or changes of the bronchomotor tone
stimulating RARs or SARs. Studies in dogs showed that
even a small (5 mmHg) increase in LAP persisting for at
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least 1-minute evoked a profound response of RARs.
This scenario was emphasized by Hargreaves and
Channon (1994), who reported a patient with an
occasional cough caused by VVI pacing with retrograde
atrial conduction or atrial-ventricular asynchronous, non-
physiological pacing mode. Although the intraatrial
pressure was not measured, the authors suggested that the
increase in LAP was an important factor influencing the
RARs’ activity. This seems to be consistent with a fact
that cough reflex was augmented in a supine position of
that patient (Hargreaves and Channon 1994). The same
mechanism could be involved in a patient reported by
Hadsemir et al. (2013), in whom cough was related to
transient left ventricular hypokinesis caused by PVCs.
Also, Sakihata et al. (2019) presented a case of a patient
with tachycardia-induced cardiomyopathy presenting
symptoms of heart failure and cough. Although the
hypothesis of pulmonary congestion as a cause of cough
seems reasonable, from the physiological perspective it
remains doubtful, whether bronchiolar or alveolar
irritation could evoke cough (Widdicombe 1995), unless
there is underestimated role of J receptors. Interstitial
pulmonary edema can stimulate pulmonary and bronchial
vagal afferents resulting in dyspnea or chest discomfort.
It has been suggested that the presence of fluid in the
alveolar or interstitial spaces is not able to trigger cough
in patients with pulmonary edema unless the amount of
fluid is sufficient to penetrate the main bronchi and
activate local “cough receptors”. The most current
guidelines for the diagnosis and treatment of acute and
chronic heart failure of the European Society of
Cardiology list nocturnal cough as a “less typical” sign of
chronic heart failure (Ponikowski et al. 2016). Patients
with heart failure report more often exercise intolerance,
dyspnea and peripheral edema, while cough is considered
to be only a minor sign.

An additional mechanism of cough induced by
cardiomegaly or enlarged left atrium has also been proposed.
Based on the animal studies, cardiomegaly with marked left
atrial (LA) dilatation may cause acompression of main
bronchus resulting in stimulation of cough receptors and
“cardiac cough”. Nevertheless, it has been suggested that LA
dilatation and LA pressure alone may not be sufficient to
cause cough secondary to compression of the trachea and the
main bronchi without a concomitant underlying tracheo-
bronchial disease, e.g. bronchomalacia or chronic bronchitis
(Ferasin and Linney 2019).

Characteristics and examples of cough triggered by

cardiac arrhythmias

Patients with arrhythmia-triggered cough report
mainly dry cough (Hasdemir et al. 2013, Odeh and
Oliven 1996, Ozturkt and Yetkin 2016). It is usually not
very intense, but persists throughout the day and night,
resulting in sleep disruption not only in patients with
coexisting heart failure. According to the subjective
patients’ opinion, the severity of PVC-triggered cough
decreases at night (Stec et al. 2009). Some patients report
palpitations and exertional dyspnea (Omori et al. 1984)
but others deny any coexisting signs and symptoms
(Odeh and Oliven 1996, Ozturk and Yetkin 2016).

Patients describe the cough as a reflexive,
sudden need to cough preceded by a tickling sensation in
the throat or a “thump” in the chest (Brandon 2008, Stec
et al. 2009). The cough sometimes resembles expiration
reflex — rapid expulsion of air from lungs without
previous inspiration. Both single cough episodes and
bouts of typical cough (cough preceded by deep
inspiration) were reported.

Interestingly, in some patients with PVC-
induced cough, arrhythmia was the only known cause of
cough (Niimi et al. 2005, Odeh and Oliven 1996, Stec et
al. 2007), while in others it was only a coexisting cause
(Stec et al. 2009). What is important, cough reduction
after antiarrhythmic treatment was so significant that no
other cough-suppressing therapies were required.

In the group of 6 patients with PVC-induced
cough described by Stec et al., arrhythmia recurred after
a few months in 2 patients treated with RFA and in 1
treated with propafenone. In two of those patients also
recurrence of cough was observed, and in one subject
only concomitant exertional dyspnea was reported. RFA
was reperformed with the resolution of both arrhythmia
and concomitant symptoms (Stec et al. 2009).

Premature atrial complexes (PAC)-triggered cough

PAC is one of the most common arrhythmia that
usually does not produce any symptoms. In 1996, Odeh
and Oliven described a patient with 15-year-history of
cough due to frequent unifocal PACs. A detailed
diagnosis and application of different cough suppressing
therapies were found ineffective. A significant decline in
the number and severity of both PACs and cough was
noticed only after treatment with high doses of
propranolol. A similar case of the patient with 3-year-
history of paroxysmal cough, both nocturnal and daytime,
was presented by Ozturk and Yetkin (2016). Based on
time relationship between PAC and subsequent cough,
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first noticed during echocardiography and then confirmed
in ECG Holter monitoring, metoprolol was administered
with marked reduction of cough bouts. The occurrence of
cough immediately after palpitation in 3 patients with
PACs was reported by Brandon (2008), who stated that
PAC-triggered cough may be more frequently observed
in cardiologists’ practice than it’s published.

Premature ventricular
cough

contractions (PVC)-triggered

Hasdemir et al. (2013) described a patient with
idiopathic, frequent, monomorphic PVCs presenting with
a l-year history of dry cough and tachycardia-induced
cardiomyopathy. A thorough diagnostic workup excluded
the most frequent cough causes as well as heart diseases,
except decreased cardiac ejection fraction due to
tachycardia-induced cardiomyopathy. After initiation of
antiarrhythmic treatment not only arrhythmia disappeared
and an ejection fraction of the left ventricle has
significantly improved, but also cough has completely
resolved. In this case, cough reappeared during infection
when arrhythmia was also observed and disappeared after
the resolution of infection and termination of drugs
containing pseudoephedrine.

A similar connection was earlier reported by
Niimi et al. (2005) who treated a patient with single
unifocal PVCs followed by cough episodes. The
symptoms resolved after initiation of antiarrhythmic
treatment with disopyramide. Two-dimensional color
echocardiography revealed a small PVC-induced
regurgitation flow to the left atrium and continuous wave
Doppler echocardiography similarly presented a PVC-
induced transient increase in the calculated pulmonary
artery blood flow.

In the experience of our interdisciplinary group,
the first case of PVC-induced cough was additionally
associated with syncope (Stec et al. 2007). The clinical
presentation included very frequent cough episodes
reported only during 2 hours of very frequent PVCs
without any PVVCs and cough episodes during the rest of
the ECG monitoring. In contrast to unsuccessful attempts
of treatment with different antiarrhythmic agents, the
RFA was found highly efficient in terms of treatment of
both PVCs and subsequent cough and syncope. In order
to assess the prevalence of PVC-induced cough, Stec et
al. (2009) evaluated the group of 120 patients with PVCs.
The cough was reported by 10 patients, but the temporal
relationship between arrhythmia and cough was
documented in only six of them (5 %). All these patients

were women, and the mean cough duration was
approximately 18 months. PVC-triggered coughing
occurred repetitively and not only immediately after
PVCs, as reported by Niimi et al. (2005) but also a few
seconds later and appeared after changes in heart rhythm
frequency (Stec et al. 2009).

Patberg et al. (2012) reported that arrhythmia-
induced cough is a rare cause of unexplained chronic
cough. In 7 patients with unexplained chronic cough and
history of palpitation (with documented ventricular or
supraventricular ectopic focus), no temporal relationship
between arrhythmia and cough episodes was observed
during the 12-hours simultaneous recording of ECG,
nasal flow and chest and thorax movements. However, in
one patient with a ventricular pacemaker, the stimulation
induced cardiac arrhythmia with a subsequent cough.
According to our experience (unpublished data), other
heart rhythm disorders may also evoke cough. We
observed paroxysmal AVNRT and focal atrial
tachycardia causing paroxysmal cough. Both tachycardia
and cough were cured by RFA.

Pacemaker-triggered cough

A single-chamber ventricular permanent pacing
may cause different symptoms known as pacemaker
syndrome, however, the cough might be its symptom
only rarely. Hargreaves and Channon (1994) presented
a patient with a tickling sensation in the throat and
occasional cough since pacemaker insertion. The cough
aggravated during short-term ventricular pacing during
routine pacemaker check-up. Patberg et al. (2012) also
recorded cough events during ventricular stimulation in
pacemaker patient. Moreover, intermittent pacemaker-
induced cough due to loss of physiological pacing in
DDD patient and right ventricle and atrial infarction was
reported by Krynski et al. (2007). The sensing and pacing
of the atria led to recovery after reperfusion therapy and
rehabilitation with spontaneous resolution of cough
episodes (Krynski et al. 2007).

Brief recommendations on the diagnosis and
treatment of “cardiac cough”

We present some useful methods for diagnostic
workup in patients with “cardiac cough” and give some
suggestions for treatment of this phenomenon below.
This advice is based on both our own experience and the
literature review.

Methods of “cardiac cough” diagnosing: The
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vast majority of patients with arrhythmia-induced cough
do not present any auscultatory abnormalities or
radiographic signs suggesting pulmonary congestion
(Hasdemir et al. 2013). The first symptom from the
medical history that may suggest arrhythmia-triggered
cough is palpitation reported by the patient (Niimi et al.
2005, Hasdemir et al. 2013). Also, the occurrence of
cough not only during the day but also at night may be
valuable information (Odeh and Oliven 1996, Niimi et al.
2005, Hasdemir et al. 2013). Arrhythmia may be detected
for the first time during the physical examination and
then documented in ECG and/or Holter ECG recordings.
However, its presence is not sufficient enough to prove
the relationship between arrhythmia and cough. A crucial
diagnostic clue is the timing of cough occurrence just
after the premature beats. This connection can be
confirmed when examining the patient’s pulse (Odeh and
Oliven 1996, Stec et al. 2009), performing an ECG
(Niimi et al. 2005, Stec et al. 2007, Stec et al. 2009),
echocardiography or rhythm Holter monitoring together
with simultaneous cough recording (Ozturk and Yetkin
2016, Stec et al. 2007). Another medical device, that
might be used to show time relationship between
arrhythmia and cough, is a portable, multichannel
recorder developed for sleep breathing disorders (cough
is depicted as sudden changes in chest and abdomen
movements and flow through nasal cannula) (Stec et al.
2007, Stec et al. 2009, Patberg et al. 2012) (Fig. 3). It can
be also registered during the invasive
electrophysiological study without general anesthesia. In
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patients with pacemakers, manual validation of pacing
parameters and intermittent non-physiological pacing
setting with programmer may reveal cough episodes.

The indisputable evidence for a relationship
between arrhythmia and cough is a complete resolution of
both arrhythmia and cough as the effect of antiarrhythmic
treatment and the recurrence of cough when arrhythmia
or non-physiological pacing reappears (Hasdemir et al.
2013). The ratio of arrhythmia-to-cough number, that
may indicate its direct relation and not just mere
coincidence, is not yet established. Tachyphylaxis should
also be considered and it makes this diagnosis more
challenging.

Therapeutic strategy in
response to antiarrhythmic treatment in patients with
a cardiac cough is diverse. The authors of some case
reports demonstrated the effectiveness of antiarrhythmic
treatment not only in terms of heart rhythm but also in
terms of complete resolution of coexisting cough. The
antiarrhythmic interventions, that were found to be
effective, included pharmaceuticals, e.g. propafenone
(Hasdemir et al. 2013, Stec et al. 2009) and disopyramide
(Niimi et al. 2005), as well as RFA ablation (Stec et al.
2007, Stec et al. 2009). However, in other cases beta-
blockers (Hasdemir et al. 2013, Odeh and Oliven 1996,
Stec et al. 2007), calcium channel blockers or
propafenone (Stec et al. 2007), mexiletine and other
antiarrhythmic agents (Niimi et al. 2005, Odeh and
Oliven 1996) were found ineffective in restoration of
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normal heart rhythm and resolution of cough. Of six
patients with PVC-induced cough reported by our group
(Stec et al. 2009), antiarrhythmic agents were effective in
only one patient, four patients were successfully treated
with RFA, while spontaneous remission of arrhythmia
and cough was observed in one patient. Hence, in our
opinion, the data are too scarce to recommend the
specific therapy of choice for patients with arrhythmia-
induced cough.

Conclusions

The anatomical and physiological bases, as well
as numerous case reports on patients with arrhythmia-
triggered cough and cough-related cardiovascular
conditions, confirm deep, mutual relationships between
cough and heart function. The prevalence of those
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