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Abstract  

Breathing is a primal homeostatic neural process, regulating levels of oxygen and carbon dioxide in 

blood and tissues, which are crucial for life. Rhythmic respiratory movements must occur continuously 

throughout life and originate from neural activity generated by specially organized macro and micro-

circuits in the brainstem. In the respiratory network there is a spatial and dynamic hierarchy of 

interacting circuits, each of which controls different aspects of respiratory rhythm generation and 

pattern formation, which can be revealed as the network is progressively reduced. The motor pattern 

during normal breathing is considered to consist of three phases: inspiration, post-inspiration and 

expiration. The expression of each rhythmogenic mechanism is state-dependent and produces 

specific motor patterns likely to underpin distinct motor behaviours. Vascular neurological disorders 

affecting these areas or the respiratory motor unit may lead to impaired respiratory activity. 

Manifestations associated with disorders of this network include sleep apnea and dysrhythmic 

breathing frequently associated with disturbances of cardiovagal and sympathetic vasomotor control.   

Respiratory dysfunction constitutes an early and relatively major manifestation of vascular neurologic 

disorders; ventilation control and breathing behaviour correction are necessary to improve stroke 

management.  

Introduction  

Control of ventilation depends on a brainstem neuronal network that contains neurons critical for 

respiratory rhythmogenesis and controls activity of the motor neurons which innervate the respiratory 

muscles. This network includes the pontine respiratory group and the dorsal and ventral respiratory 

groups in the medulla [1]. Respiratory rhythm depends on the coordinated firing of inspiratory, 
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postinspiratory and expiratory neurons [2]. Coordinated activity of respiratory neurons is important not 

only for breathing and ventilation but also for vocalization, swallowing, coughing and vomiting.  

Impaired respiratory activity (IRA) is frequent in cerebrovascular disease (CVD). Reduced or abnormal 

ventilatory function is a predictor of mortality due to CVD [3].   

Physiology and pathophysiology of respiration control   

Breathing is controlled by voluntary (behavioural) and automatic (metabolic) mechanisms that are 

governed by different although integrated neuronal systems. Voluntary respiration is assured by the 

cortex and the corticospinal system, whereas automatic respiration depends on hierarchically 

organized structures in the brainstem that are modulated by supratentorial influences. Neural circuits 

controlling breathing are organized within serially arrayed and functionally interacting brainstem 

compartments extending from the pons to the lower medulla [4]. The core circuit components that 

constitute the neural machinery for generating respiratory rhythm and shaping inspiratory and 

expiratory motor patterns are distributed among three adjacent structural compartments in the 

ventrolateral medulla. This network comprises three groups of interconnected neurons: the pontine 

respiratory group (PRG), the dorsal respiratory group (DRG), and the ventral respiratory groups (VRG) 

[2].  

The PRG areas have several functions in the control of respiration, including respiratory phase timing 

and integration of reflexes initiated by pulmonary mechanoreceptors. The parabrachial nucleus also 

transmits information from medullary respiratory neurons to the amygdala, hypothalamus and other 

suprapontine structures. The DRG located in the nucleus of the solitary tract (NTS) is the first central 

relay station for afferents from peripheral respiratory chemoreceptors and mechanoreceptors. The 

VRG consists of a bilateral longitudinal column of neurons located in the ventrolateral medulla and 

extending from the cervical cord C1 level to just below the facial nucleus. The most rostral portion of 

the VRG includes the Bötzinger complex, which contains expiratory neurons that inhibit the inspiratory 

neurons of the VRG and project to the spinal cord. The pre-Bötzinger complex consists of 

propriobulbar neurons that play a critical role in respiratory rhythm generation. These neurons are 

identified by the presence of neurokinin-1 receptors for substance P. Immediately caudal to the pre-

Bötzinger complex is the rostral VRG located ventral to the nucleus ambiguous and containing 

inspiratory bulbospinal neurons. The most caudal portion of the VRG corresponds to the nucleus 



 3 

retroambigualis and extends from the obex to C1 on the spinal cord and contains bulbospinal 

expiratory neurons that project to intercostal and abdominal motor neurons. Suprapontine structures, 

including the cerebral cortex, hypothalamus, amygdala and periaqueductal gray matter of the midbrain 

play a major role in normal respiratory control during speech, locomotion, and response to stressors 

including the defence reaction as shown in experimental studies.  

These neurons are part of a central pattern generator network that controls the periodic activity of 

bulbar and spinal motor neurons innervating the respiratory muscles. The generation and 

maintenance of normal respiratory rhythm and ventilation requires a tonic “drive,” which in turn 

maintains respiratory neuron excitability. This drive can arise from arousal systems or central and 

peripheral chemoreceptors sensitive to changes in PAO2, PACO2 or both, and from inputs from 

respiratory mechanoreceptor afferents (metabolic mechanisms). In many cases, these lesions lead to 

dysfunction not only of respiratory but also of cardiovascular control systems.  

Clinical manifestations of impaired automatic control of ventilation  

Considering the complexity of breathing control anatomy and physiology, focal vascular brain lesions 

impair breathing in different ways according to the extension and topography of the lesion. Respiratory 

function during wakefulness and/or sleep have been reported in patients with CVD (table n 1) [5]. 

Vascular lesions affecting the pontine respiratory group, nucleus of the NTS, VRG or the central 

chemoreceptors may manifest with central alveolar hypoventilation (ondine curse), abnormal 

respiratory rhythm, or both. The posterior inferior cerebellar artery and the vertebral artery, or 

branches of these arteries, are responsible of vascular brainstem respiratory injury. The types of 

respiratory rate and pattern abnormalities in acute stroke infarction are not specifically related to the 

level of lesions, but rather to the size and bilaterality of the lesions.  

Bilateral medullary infarctions resulting in destruction of the pyramids impair voluntary, but not 

automatic, control of respiration. Those affecting the medullary tegmentum produce failure of 

automatic breathing, impaired ventilatory responses to CO2, and sleep apnea but spare voluntary 

breathing during wakefulness [6]. Even unilateral lesions of the ventrolateral medullary tegmentum 

involving the NTS, VRG and their connections, or both, may produce impaired automatic ventilation 

and sleep apnea and may occasionally also affect voluntary respiration even with complete sparing of 

the corticospinal tracts [7]. Unilateral lesions of the lateral medulla, including the VRG, as occurs in the 
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Wallenberg syndrome, lead to blunting of the ventilatory response to CO2 [8]; lateral medullary infarcts 

may also lead to sleep apnea syndrome, particularly when there are other predisposing factors such 

as a long uvula or nasal septum deviation. Cheyne-Stokes respiration (CSR), which typically 

accompanies bilateral infarcts of the cerebral hemispheres, also occurs in ischemic stroke involving 

the brainstem [9]. CSR is a form of periodic breathing which was observed after bilateral hemispheric 

or upper brainstem infarction, and was recognized as a sign of impending brainstem herniation [10]. 

Reciprocally, poor respiratory function appears to increase the risk of ischemic damage to the brain. 

White matter lesions and lacunar infarcts in elderly patients may be related to impaired respiratory 

function [11].  

Respiratory alkalosis is present in varying degrees in most patients with either tachypnea or prominent 

CSR. The syndrome of central alveolar hypoventilation (ondine curse) includes repetitive morning 

headaches, nocturnal sleep disruption, or daytime tiredness and sleepiness. Cyanosis, irregular 

breathing patterns during sleep or wakefulness, or absence dyspnea during exercise may occur. 

Diagnosis is confirmed by demonstrating an abnormal ventilatory response to provoked hypercapnia, 

with normal or near normal response to hypoxia in the absence of infectious, cardiac, pulmonary, and 

neuromuscular causes. Sleep-disorders breathing (SDB) is common in patients during acute phase 

after stroke onset and appears to be associated with a worse functional outcome during the early 

recovery period following stroke, increasing the likelihood of dependency [12]. Sleep-induced apnea 

and disordered breathing refers to intermittent, cyclical cessations or reductions of airflow, with or 

without obstructions of the upper airway (OSA). An association between OSA and stroke has been 

observed in numerous cross-sectional studies [13]; however, in most cases it was not possible to 

determine whether OSA preceded the onset of stroke and thus could be involved in pathogenesis.  

In acute phase the assessment of breathing in stroke patients should include recordings made while 

the patients are sleeping as well as monitoring of both breathing effort and nasal/oral airflow. A 

mechanical ventilatory correction in selected acute stroke patients might have a beneficial effect on 

brain perfusion. Ischemic penumbra may be present for many hours and early non-invasive ventilatory 

correction may be justified. This is a novel therapeutic target and the missing link in the pathogenesis 

of early ischemia and stroke recurrence. 

Conclusion  
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The IRA is a common disorder associated with CVD and worst outcome. Early monitoring and IRA 

correction are necessary to improve stroke management. Further studies are needed to assess the 

clinical significance of IRA with respect to treatment and outcome of acute stroke patients.  
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Table n 1. Abnormal breathing in brainstem and hemispheric stroke: various respiratory patterns.  

BREATHING TYPE  Definition  

Apnea / hypopnea 
A cessation of oro-nasal airflow ≥ 10 seconds, hypopnea by a 

reduction of oro-nasal airflow ≥ 10 seconds by ≥ 50 %, or ≥ 30 % 
when associated with an oxygen desaturation ≥ 4 % 

Apneustic breathing 

Deep, prolonged inspiration, with an inability to expire, lasting 
seconds, followed by over inspiration and then rapid gasping 

hyperventilation before returning to a more normal respiratory rate 
and rhythm 

Central alveolar 
hypoventilation  
(ondine curse) 

Abnormal respiratory rhythm 

Central periodic breathing 
(CPB) A number of irregular inspirations followed by apnoeic periods 

Central periodic breathing 
during sleep  

 (CPBS) 

As ≥ 3 cycles of regular crescendo-decrescendo breathing 
associated with reduction of ≥ 50 % in nasal airflow and 

respiratory effort lasting ≥ 10 seconds 
Central sleep apnea  

(CSA) 
Repetitive cessations in air flow due to changes in respiratory 

drive 
Cheyne-Stokes respiration 

(CSR) Periods of hyperpnea regularly alternating with periods of apnea 

Cheyne-Stokes variant 
(CSV) 

Phasic variations in depth of respiration without definite apneic 
periods occurred 

Cluster respiration Several breaths of varying depth interspersed with apneic 
episodes, usually of irregular length 

Fixed breathing Inability to initiate any kind of volitional respiratory movement 
Obstructive sleep apnea 

(OSA) Repetitive cessations in air flow due to physical airway obstruction 

Ratchet breathing Irregular and jerky inspiratory breaths with short apneic pauses 
during mid-inspiration 

Sleep-disorders breathing 
(SDB) 

Wide spectrum of sleep-related respiratory abnormalities ranging 
from snoring to upper airway resistance syndrome to sleep 

apnea, including obstructive, central and mixed forms 
Tachipnea  

(T) Rapid, regular respiratory rates greater than 30 per minute 

 


