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Chronic heart failure (CHF) is a progressive, debilitating disease, resulting in a decline in the quality of life of
the patients and in very high social economic costs. CHF is a complex disease, whose diagnosis is made based on
physical examination of the patient by the physician, and based on medical history including symptoms such as
congestion and/or hypoperfusion of the organs [1]. It is defined as the inability of the heart to supply the oxygen
demands by the peripheral organs, causing negative effects on all the body systems [2]. Patients affected by CHF
often have a low quality of life, and most of the patients have a short life expectancy, with high mortality rate
within 5 years from diagnosis [3]. Current data estimate that 5.8 million people in America are currently affected,
and about 23 million people worldwide. However, considering that the average age of the population is rising
thanks to advances in the medical treatment for cardiovascular diseases, the number of patients diagnosed with
CHF is expected to increase in the coming years [4]. Fatigue and intolerance to exercise are the most obvious clinical
manifestations in patients with CHF [5]. Other comorbidities are commonly observed, such as depression and
anxiety [6].

The focus of the present article is to discuss the potential correlation between the above-mentioned comorbidities,
CHF and the diaphragmatic innervation and functionality. It has been demonstrated that some psychiatric behaviors
can have impact on the survival rate, as discussed in the paragraphs below. In this article the authors hypothesize
that the dysfunction of the diaphragm often detectable in this chronic condition can have a role in the occurrence
of these comorbidities. In the field of respiratory and cardiac rehabilitation, it has been demonstrated that an
improvement of the respiratory activity can lead to an improved emotional status [7].

Adaptation of the diaphragm in patients affected by CHF
The diaphragm is innervated by the phrenic nerve and the vagus nerve (in the portion which constitutes the
esophageal hiatus) [8].

The inspiratory dysfunction of the diaphragm is a key element in patients with CHF, influencing mortality
and morbidity rates [9]. Diaphragmatic abnormalities appear earlier than those related to the lower limbs of the
patients. The breath becomes more superficial, with increase of the sympathetic activity; the sympathetic nervous
system stimulates the phrenic afferents of group IV, which in turn stimulate the sympathetic fibers, in a vicious
circle. This pathological condition predisposes the patient to arrhythmias and higher risk of sudden death [9]. The
phrenic nerve experiences a dyssynergia between the transmitted pulse and the correspondent strength, resulting
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in degeneration and denervation of the synaptic plaque. In the diaphragm of these patients, a decrease of the
contractile mass is observed, especially in the amount of titin, resulting in decreased elasticity and in the percentage
of myosin, negatively affecting the strength [9,10].

The exercise intolerance in patients with CHF does not correlate with the common functional index (ejection
frequency); rather it is the peripheral muscle adaptation, including that of the diaphragm, to have a heavy influence
on the symptomatic scenario [11,12].

Depression & anxiety in CHF
Psychiatric disorders such as depression and anxiety, are symptomatic scenarios often observed in patients with
CHF [6]. These comorbidities complicate the therapeutic approach and increase hospitalizations and mortality
rate [13,14]. Depression affects at least one-fifth of patients with CHF, worsening the NYHA class; depression
affects these patients with from two- to three-times more than the general population [13]. The real correlation of
the depression with CHF is not completely clear, despite some similarity in the physiopathological mechanisms,
such as high levels of catecholamines, cortisol and inflammatory cytokines (IL-6, IL-1β, TNF-α), whose presence
highlights the clinical and prognostic significance of depression [13]. Depression negatively affects the quality of
life and functional status of the patient, decreasing the level of physical activity and worsening the survival rate.
A definitive consensus on the best pharmacological therapy for the treatment of depression in CHF has not been
reached; furthermore, data on the incidence of depression in this patients’ class are probably underestimated [13].

Anxiety is another often overlooked symptom, increasing the hospitalization and mortality rates [14]. Anxiety
can negatively affect the quality of the breath, creating panic and chest pain, and exacerbating the symptoms of
CHF [14]. The current literature does not exhaustively discuss the reasons for the presence of the anxiety; anyway,
anxiety can be probably correlated with a dysfunction of the hypothalamic–pituitary–adrenal axis, usually observed
even in CHF [14]. No reliable data are available on the incidence of anxiety in this patients population, as well as
on the pathophysiological mechanisms causing its presence in subjects with CHF.

Phrenic & vagus nerve: functions
The phrenic and vagus nerves are involved in the respiratory functions of the diaphragm, in perfect synergy. The
diaphragm influences the emotional status.

During this respiratory action, the systolic pressure increases with a decrease in the cardiac frequency [15]. We
know that, when the baroreceptor located in the carotid body and in the area of the aortic arch (in the adventitia
of the vessels) are stimulated by the cardiac cycle (in particular during the systolic phase). The afferent fibers from
baroreceptor reach the nucleus of the solitary tract (NTS), which regulates the efferent activation to the vagal
system and the sympathetic inhibitory efferents at the spinal level in the nucleus ambiguous, the dorsal motor
nucleus and the rostral ventrolateral area of the medulla [16]. The baroreceptorial afferents influence different areas
of the CNS, with a general inhibitory effect. The NTS is interconnected with the reticular formation, and then
to the lateral, medial and prefrontal insula, and to the anterior cingulate cortex; also the thalamus, hypothalamus
and periaqueductal gray area receive baroreceptorial signals from NTS. There is a close relationship between the
emotions, the breath and the intervention of baroreceptors [17].

Emotional conditions such as anxiety and depression can negatively affect the baroreceptors’ response, as well
as they can produce an altered function on the diaphragm. The action of the diaphragm is not only controlled by
metabolic factors, but also by emotional states such as sadness, fear, anxiety and anger. The interaction between the
breath and the emotions involves a complex interaction between the brainstem and a few brain centers such as the
limbic area and the cortex [18]. The amygdala, which is part of the limbic system, is connected in biunivocal way
to the respiratory areas, such as medulla, and it is considered the most important area in managing the emotional
breath. The amygdala is stimulated by a dopaminergic production of the tegmental area of the midbrain, and recent
studies on animal models suggest that the dopamine that reaches the amygdala regulates the emotional breath.
The efferents derived from the amygdala pass through the areas related to the breath, such as the NTS and other
correlated structures [19,20].

The breath stimulates the mechanoreceptors of the diaphragm and the visceroceptors of the viscera moving
during the respiration, which constitute the interoception mechanism. This is the awareness of the body condition
based on the information derived directly from the body. The afferent fibers of the interoception are connected with
the autonomic and homeostatic centers of the spinal cord and of the brainstem, and then with the anterior cingulate
cortex and with the dorsal posterior insula, through the thalamus–cortical tract [21]. The interoception can modulate
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the exteroceptive representation of the body; a dysregulation in the interoceptive pathways could cause a distortion
of the body image, affecting the emotional condition. Anxiety can alter a few afferent pathways related to breathing,
amplifying one or more receptor pathways related to the respiration (quickly and slowly adapting receptors, type-C
bronchial and lung receptors, A-delta-type receptors, cough receptors and neuroepithelial receptors) [22].

New hypotheses & considerations on psychiatric status
The phrenic and vagus nerves provide visceral information. A current hypothesis is related to the solicitation of
visceral nociceptors, sending continuous afferents in response to mechanical stress. This peripheral solicitation could
lead to a central and spinal awareness, establishing a vicious circle between visceral information and emotional
status [23]. The visceral afferents, both interoceptive and nociceptive (small caliber A-delta and C afferents) reach
the lamina I and II of the spinal cord, and are connected to some supraspinal centers, such as the ventromedial
posterior nucleus of the thalamus and the limbic area [24,25]. The phrenic and vagus nerves could be stimulated and
determine abnormal afferents, or being submitted to efferents derived from the supraspinal centers stimulated by
the nociceptive information of the mediastinal viscera.

The peripheral nerve structure is subjected to daily mechanical stress, such as when a joint moves, with alternance
of compression and stretching. Compression happens when the surrounding tissues create a longitudinal force to
a nerve, such as when the muscles are stretched, while stretching occurs when a force is parallel to the nerve, for
example, when the elbow is flexed, the ulnar nerve is stretched [26]. The sliding of the fascial structures of the nerve
and the nerve slippage between the various tissues is fundamental, so that the mechanical stress can communicate
properly with the ability of adaptation and regeneration of the nerve. Abnormalities will lead to dysfunction and
pathology [26]. Where there is a nerve impingment, the rigidity of its fascial structures increases during articular
or respiratory movements; the nerve may undergo a reduction in its diameter, defined as transverse contraction,
with an increase in the pressure of the endoneural compartment. Repetitive elongations of nerves with reduced
elasticity of the fascial properties will induce additional inability in the nerve’s sliding, decreasing the blood flow
and leading to potential ischemic processes [26]. The fascial structures become more sensitive to mechanical stimuli
and, after a few days of local inflammation, are able to generate an action potential similar to the initial stimulus
causing the dysfunction; this potential can have an anterograde and retrograde propagation, causing inflammation
at the extremities of the neural tract, such as in the spinal cord and in the innervated tissues. This mechanism is
called ectopic electrogenesis [26]. In patients with CHF, the diaphragm muscle shows abnormalities, with changes
in morphology and function, position and metabolism. The vagus and the phrenic nerves can undergo axonal
alterations if the muscle movement is limited for such dysfunction, over time resulting in modified awareness
schemes and allodynia [26,27].

The baroreceptor system, which influences emotional state, is altered in patients with CHF [11]. Most likely,
the pathological changes observed for the diaphragm negatively affect its innervation, causing a baroreceptor
dysfunction. This could be a further cause for psychiatric conditions. We can still speculate that an altered function of
the diaphragm may adversely influence the patient’s emotional state, probably because the interoceptive mechanisms
stimulated by breathing are handled as motivational information, since these are bidirectional pathways [18]. The
breathing requested during physical exercise could cause strong emotional reactions in anxious people, worsening
the respiratory function [15]. The interoception is also related to visceral movement during respiration; people more
susceptible to visceral afferents usually show more intense emotions. A potential cause might be related to neurogenic
neuroinflammation in the spinal cord, where different areas are more likely to respond to minimal stimuli, leading
to higher levels of anxiety and pain [18]. This event could lead to a pleiotropic effect of functional impairment of
the muscle tissue, further destabilizing the function of the diphragm. The term of ‘emotional respiratory allodynia’
can be used when the breath, stimulating the interoceptive afferent pathways, causes psychological symptoms [15].

The innervation of the diaphragm muscle may be directly responsible for the emotional state of the patient
through the phrenic nerve, not only due to the interoceptive mechanism. The afferent stimulation to the NTS
by the phrenic nerve could affect the emotional response, because NTS handles the visceral afferents and has
a close relationship with the nerve [28]. The phrenic nerve forms subdiaphragmatic ganglia and is connected
with the adrenal gland; anyway, further data even on these connections are currently needed. We know that the
adrenal gland and the hypothalamus–pituitary axis affect the intensity of the emotions [29]. It should be useful
to further investigate the potential relation between the hypothalamus–pituitary axis, the phrenic nerve’s activity
and the emotional status. The vagus nerve affects the emotional spectrum and the respiratory rhythm, probably
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always through NTS. Anyway, reliable correlations are not known, neither if there are bi-directional mechanisms
influencing the emotions and involving the diaphragm portions innervated by the vagus nerve [30].

Conclusion
CHF is a progressive, debilitating disease, defined as the inability of the heart to supply the oxygen demands by
the peripheral organs. The article reviews the available information on the potential role of the diaphragm in this
disease and emotional symptoms.

The close relationship between morphology and function of the diaphragm, the connections between the vagus
and the phrenic nerves, as well as their collaboration for the diaphragm function, lead us to suggest that a dyssynergia
between the two nerves could cause emotional pathological behavior. The management in these medical conditions
should always be multidisciplinary, in order to have a global vision of the patient.

Over the next 5–10 years in the clinical and rehabilitative field, more attention will be given to diaphragm
muscle, thanks to research that will further demonstrate the importance of the patient’s breathing and symptomatic
connection.
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