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Chapter 3
Coordination of Swallowing 
and Breathing: How Is the Respiratory 
Control System Connected 
to the Swallowing System?

Yoshitaka Oku

Abstract  Coordination of swallowing and breathing is an important airway-
protecting mechanism. Although it is regulated by the interaction between central 
pattern generators of swallowing and breathing within the brainstem, various fac-
tors modulate the coordination of swallowing and breathing. Swallowing normally 
occurs during expiration, and respiration after swallowing resumes with expiration. 
However, swallowing can occur immediately following inspiration (I-SW pattern), 
and respiration can resume with inspiration (SW-I pattern). Such atypical breath-
ing–swallowing coordination occurs when the timing of swallows is inappropriate 
and tends to increase due to diseases and aging. In patients with chronic obstructive 
pulmonary disease (COPD), swallowing physiology is altered, and breathing–swal-
lowing coordination is impaired. COPD patients with a higher frequency of I-SW 
and/or SW-I patterns have a higher frequency of exacerbations. Thus, we suggest 
that the impairment of breathing–swallowing coordination can cause exacerbations 
and may influence the prognosis of diseases. Two modalities, swallowing rehabilita-
tion and low-level continuous positive airway pressure (CPAP), may ameliorate 
breathing–swallowing coordination. More studies are needed to elucidate whether 
such interventions improve outcomes.
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1  �Introduction

Pneumonia is a major cause of death in the elderly worldwide. In a case-control 
study, the incidence of aspiration pneumonia was 18% in nursing home patients and 
15% in community-acquired pneumonia patients [1]; however, the incidence of 
aspiration pneumonia is thought to be much greater in the elderly population. 
Aspiration pneumonia occurs recurrently because it is due to the functional impair-
ment of swallowing. Chronic obstructive pulmonary disease (COPD) is another 
major cause of death worldwide, and exacerbation seriously affects its morbidity 
and mortality [2]. A number of studies suggest that the functional impairment of 
swallowing is associated with exacerbations of COPD [3–5]. Therefore, under-
standing the physiology and pathophysiology underlying swallowing malfunction 
is essential for clinicians who treat these patients. A variety of pathological and 
physiological factors cause swallowing disorder, but the two major causes of swal-
lowing disorder in the elderly are muscle weakness and the inappropriate timing of 
swallowing relative to the respiratory cycle. Thus, in this chapter, we will focus on 
how the timing of swallowing and the coordination between swallowing and breath-
ing are regulated and discuss the clinical consequences of the alteration of coordina-
tion due to aging, diseases, and interventions.

2  �Swallowing Physiology

2.1  �Swallowing as an Airway Protecting Reflex

The pharynx is the common pathway of breath and swallowed food. During swal-
lowing, the airway is securely protected against aspiration by the epiglottis, vocal 
cords, and vestibular folds that cover the laryngeal orifice. In addition, the airway is 
protected physiologically by “deglutition apnea,” the phenomenon in which the res-
piration is stopped during the event of swallowing. Deglutition apnea is regulated by 
the interaction between central pattern generators (CPGs) for swallowing and respi-
ration in the brainstem [6].

During swallowing, the hyoid bone first slowly moves in the rostral and posterior 
direction and then rapidly moves toward the anterior direction. By this movement, 
the larynx elevates, the epiglottis falls to cover the larynx, and the upper esophageal 
sphincter opens to let pass a food bolus. After the completion of swallowing, the 
hyoid bone descends to its original position. The elevation of the larynx often starts 
before the provisional arrest of respiratory flow. This phenomenon is one of the 
remarkable characteristics of patients with stroke [7] and can be interpreted as a 
behavior to compensate for the delayed triggering of the swallowing reflex. The 
restoration of respiration usually begins with expiration (SW-E pattern), and expira-
tion begins earlier than the completion of the laryngeal descent to its original posi-
tion [8]. This can also be interpreted as an airway-protecting behavior to avoid 
aspirating a food residue within the pharynx.
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2.2  �Importance of Subglottic Pressure 
in Swallowing Efficiency

Gross et al. [9, 10] postulated that subglottic pressure plays an important role in 
swallowing efficiency. The reduction of subglottic pressure prolongs the pharyngeal 
contraction in healthy subjects [9]. In patients with tracheostomy, the reduction of 
subglottic pressure lengthens the pharyngeal transit time and increases the chance 
of pharyngeal residue and aspiration. Closing the tracheostomy tube during swal-
lowing improves swallowing dynamics and reduces aspiration. The mechanisms by 
which subglottic pressure affects swallowing efficiency remain to be elucidated.

2.3  �Swallowing Frequency

Spontaneous swallow frequency rates (swallows per minute: SPM) in healthy sub-
jects are 1.01 in young subjects and 0.58 in elderly subjects [11]. SPM is diminished 
in patients with acute stroke, and the reduction is correlated with the severity of 
dysphagia [12]. Healthy subjects swallow 5–6 times per hour during sleep [13]. 
Swallows occur when the subject arises, which accompanies body movement and 
changes in breathing pattern, or in an arousal state, as identified by an electroen-
cephalogram, that does not accompany body movement or changes in breathing 
pattern [14]. The frequency of swallows is highest at Stage I sleep and decreases as 
the depth of sleep progresses [14]. Therefore, the clearance of the upper airway 
dramatically deteriorates during sleep, particularly in elderly subjects. Saliva secre-
tion also decreases, which may result in bacterial growth and accumulation of gas-
tric juice and refluxed gastric contents.

3  �Neural Substrates of Swallowing Reflex

3.1  �Swallowing CPG and Its Interaction with Respiratory CPG

The swallowing CPG consists of the dorsal swallowing group (DSG) located within 
the nucleus of the solitary tract (NTS) and the ventral swallowing group (VSG) 
located in the ventral reticular formation adjacent to the nucleus ambiguus (AMB) 
[15]. These swallowing neuron groups anatomically overlap with the dorsal and 
ventral respiratory groups, and CPGs for swallowing and respiration functionally 
share a common neuronal network [16, 17].

Figure 3.1 illustrates the interaction between CPGs of swallowing and breathing 
in a simplified model. Here, we consider a respiratory CPG model that consists of 
preinspiratory/inspiratory (pre-I/I) neurons in the pre-Bötzinger complex (pre-
BötC); expiratory-decrementing (E-DEC), expiratory-augmenting (E-AUG), and 
inspiratory-decrementing (I-DEC) neurons in the Bötzinger complex (BötC); and 

3  Coordination of Swallowing and Breathing: How Is the Respiratory Control System…



40

inspiratory augmenting (I-AUG) neurons in the rostral ventral respiratory group 
(rVRG). The preBötC is the kernel of the inspiratory rhythm generation, whereas 
E-DEC, E-AUG, and I-DEC neurons in the BötC shape the respiratory pattern by 
constituting an “inhibitory ring.” I-AUG neurons are inspiratory premotor neurons. 
For simplicity, the swallowing CPG is composed of two interneuron groups (SW-1 
and SW-2) and one premotor neuron group (SW-3).

When a liquid or a food bolus reaches the pharynx (the valleculae or the pyriform 
recess), the signal is transmitted to the primary afferent relay neurons in the NTS 
(SW-1) via the superior laryngeal nerve (SLN) and the glossopharyngeal nerve, then 
activates swallowing interneurons (SW-2) in the DSG that gate the afferent informa-
tion and trigger the swallowing reflex by a burst of firings. The swallowing reflex is 
a programmed sequence of muscle activities, where premotor neurons (SW-3) in the 
VSG generate a stereotypic motor pattern almost irrespective of the strength of the 
afferent stimulus. When a swallow is triggered, E-DEC neurons are activated to sup-
press respiratory activity (deglutition apnea). During a volitional swallow, swallow-
ing-related cortical areas (SW cortex) activate (presumably) E-DEC neurons to 
suppress respiration (both inspiration and expiration). Thus, in the case of a volitional 
swallow, respiration stops before the swallowing reflex occurs. Simultaneously, the 
SW cortex lowers the threshold of SW-2 neurons to facilitate the swallowing reflex.

Since the coupling of swallowing and respiratory rhythms occurs in decerebrate 
animals, the coordination of swallowing and breathing is primarily regulated by the 

Fig. 3.1  Interaction between respiratory and swallowing CPGs. Excitatory neuron pools and pro-
jections are colored in red (Glu; glutamatergic neurons), whereas inhibitory neuron pools and 
projections are colored either in blue (Gly: glycinergic neurons) or in purple (GABA/Gly: GABA/
glycine-coreleasing neurons). See text for detailed explanation
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interaction between these CPGs of swallowing and respiration. When the synaptic 
transmission of the Kölliker–Fuse nucleus in the pons is disrupted, the airway-
protecting laryngeal adduction during swallowing and the coordination between 
swallowing and breathing is impaired [18], suggesting that the Kölliker–Fuse 
nucleus is required for these functions.

Electrical stimulation of the SLN elicits swallows in cats and rats [16, 19, 20]. 
During continuous electrical SLN stimulation, swallows preferentially occur at 
respiratory phase transitions (the phase transition between stage II expiration and 
inspiration, the transition between inspiration and stage I expiration, and the transi-
tion between stage I and II of expiration), where E-DEC neurons are disinhibited. 
This is physiologically reasonable because E-DEC neurons are inhibitory neurons 
that have broad projections to other respiratory neurons and thus can contribute to 
deglutition apnea when disinhibited.

3.2  �Swallowing-Related Cortical and Subcortical Areas

Functional brain mapping has revealed that swallowing activates cortical areas (sen-
sorimotor cortex, premotor cortex, cingulate cortex, and insulate cortex) and sub-
cortical areas (internal capsule, hypothalamus, amygdala, substantia nigra, and 
midbrain reticular formation) [15, 21]. These cortical and subcortical areas not only 
facilitate the swallowing reflex but also modulate swallow-related muscles by 
receiving sensory feedback [22].

The incidence of dysphagia after stroke varies between 41% and 78% [23–25]. 
Therefore, patients with stroke have a high incidence of dysphagia and a risk of aspi-
ration pneumonia. Swallowing-related cortical areas display interhemispheric asym-
metry, and right hemisphere strokes tend to produce pharyngeal dysphagia, whereas 
left hemisphere strokes tend to produce oral dysphagia [26]. Recovery of swallowing 
function after stroke is associated with an increase in the activation of swallow-related 
cortical areas in the unaffected hemisphere [27], suggesting that functional recovery 
depends on the reorganization of neuronal circuits, i.e., projections from the unaf-
fected hemisphere to the swallowing CPG. A short-term pharyngeal sensory stimula-
tion causes a persistent augmentation of swallowing motor representation in the cortex 
[27], which might be applicable to the neurorehabilitation of dysphagia after stroke.

4  �Physiological Basis of Coordination Between Breathing 
and Swallowing

In conscious humans, swallows preferentially occur during the early-middle phase 
of expiration and respiration after the swallow is resumed with expiration (E-SW-E 
pattern) [28, 29]. In relation to the lung volume, swallows preferentially occur at a 
specific range of lung volume (200–370 ml above the functional residual capacity) 
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that is optimal for fundamental swallowing functions—laryngeal elevation, upper 
airway closure, the opening of the upper and lower esophageal sphincters [30]. 
However, other types of coordination are observed, i.e., swallowing occurring 
immediately following inspiration (I-SW pattern) and respiration resuming with 
inspiration (SW-I pattern), resulting in additional three (I-SW-E, E-SW-I, I-SW-I) 
patterns [31]. We recruited 269 healthy elderly subjects with a 10-item eating 
assessment tool (EAT-10) score less than 3, as well as 30 dysphagic patients, to 
evaluate breathing–swallowing coordination [32]. Figure 3.2 shows the relative fre-
quency of I-SW/SW-I patterns in healthy elderly subjects and dysphagic patients. In 
general, healthy subjects had a lower occurrence rate of I-SW/SW-I patterns; how-
ever, even in healthy subjects, 20 (7.5%) subjects had a high (>40%) I-SW rate, and 
25 (9.4%) subjects had a high SW-I rate in water swallows.

Swallowing is a physiological perturbation of the respiratory rhythm [33]. 
Swallowing causes phase resetting of the respiratory cycle and changes the interval 
to the next breath depending on the timing in the respiratory cycle when the swallow 
is initiated. Swallows initiated at late times in the respiratory cycle have the shortest 
interval to the next breath and tend to happen with the SW-I pattern, whereas swal-
lows initiated at early times naturally tend to happen in the I-SW pattern [32] 
(Fig. 3.3).

Swallows with the I-SW-E pattern accompany the prolonged latency to the onset 
of swallowing from the onset of deglutition apnea and the prolongation of the dura-
tion of deglutition apnea, suggesting that this pattern is an adaptive response to 
compensate for the delayed onset of the swallowing reflex [32]. In contrast, the 
E-SW-I pattern tends to occur when the timing of swallows in the respiratory cycle 

Fig. 3.2  The relative frequency of I-SW/SW-I patterns in healthy elderly subjects and dysphagic 
patients
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is delayed. Patients with dysphagia often have difficulty initiating swallows, and the 
timing of swallows is delayed, which may result in E-SW-I-pattern swallows.

5  �Impaired Swallowing in COPD: Its Pathophysiology 
and Consequences

5.1  �Swallowing Function in COPD

COPD is a lung disease characterized by chronic obstruction of lung airflow that 
interferes with normal breathing and is not fully reversible. Since breathing and 
swallowing cannot be done simultaneously, a prolonged time to empty the inspired 
air due to an expiratory flow limitation may interfere with the act of swallowing. 
Therefore, it is reasonable to hypothesize that swallowing is impaired in patients 
with COPD, though such a phenomenon is poorly recognized by clinicians. Coelho 
[34] was the first to report that patients with COPD have impaired swallowing func-
tion: “The overall picture was one of reduced strength in all aspects of the swallow, 
coupled with a reduced ability to use pulmonary air to clear the larynx and ensure 
airway protection.” Subsequent studies revealed a higher (17–20%) prevalence of 
dysphagia in patients with COPD [35] compared with control subjects.

The impairment of swallowing function can be evaluated by the latency from 
water injection into the pharynx to the onset of the swallowing reflex (e.g., the 
simple two-step swallowing-provocation test; STS-SPT) [36] or the repetitive saliva 
swallowing test (RSST) [37]. In moderate and severe stages of COPD, a higher 
incidence of abnormal swallowing function is observed by both tests; however, even 
in the mild stages of COPD, the incidence of abnormal RSST count (<3 voluntary 
swallows within 30 s) is higher than in controls [38].

Fig. 3.3  Frequency distributions of different breathing–swallowing coordination patterns in early 
(old phase <0.4), intermediate (old phase between 0.4 and 1.0), and late (old phase >1.0) timings 
of swallowing. The old phase represents the timing of swallowing in the respiratory cycle, which 
is expressed as the time from the preceding inspiration, where the mean length of the respiratory 
cycle is normalized to 1 [33]. ##: P value vs. Intermediate <0.0001 (chi-square test followed by 
Haberman’s residual test)
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5.2  �Altered Swallowing Physiology in COPD

Swallowing physiology in patients with COPD is different from that of healthy 
subjects. The maximal laryngeal elevation during swallowing is reduced in patients 
with COPD [35]. Some patients use voluntary airway-protecting maneuvers during 
swallowing, such as prolonged airway closure and earlier laryngeal closure relative 
to the cricopharyngeal opening [35]. Patients with COPD are more likely to have 
either penetration of pharyngeal contents into the larynx or actual aspiration when 
swallowing large fluid volumes and favor an I-SW-E pattern with larger boluses 
[39]. Further, patients with COPD have a longer pharyngeal swallowing phase than 
normal subjects, which is associated with a decrease in the difference between the 
duration of maximal laryngeal elevation and the duration of pharyngeal transit [40]. 
As described in Sect. 4, the latency to the onset of swallowing from the onset of 
deglutition apnea and the duration of deglutition apnea are lengthened in swallows 
with the I-SW-E pattern compared to the E-SW-E pattern [32]. Therefore, the 
I-SW-E pattern observed in patients with COPD while swallowing large boluses is 
interpreted as an airway-protecting behavior to compensate for the delayed trigger-
ing of the swallowing reflex and a longer pharyngeal transit time.

5.3  �Influences of Smoking on Swallowing Function

Smoking, the leading cause of COPD, also causes swallowing abnormalities. 
Smoking increases both the threshold volume for triggering the pharyngo-upper 
esophageal sphincter contractile response and the threshold volume for reflexive 
pharyngeal swallowing [41]. In addition, smoking lowers the upper and lower 
esophageal sphincter pressures [42]. Therefore, smoking triggers or aggravates gas-
troesophageal reflux and adversely affects the clearance of refluxed gastric contents. 
This may be related to a decreased laryngopharyngeal sensitivity in patients with 
COPD [43].

5.4  �Gastroesophageal Reflux Disease (GERD) 
and COPD Exacerbations

GERD is a common comorbidity of COPD, with a prevalence of 10–29% in the 
Western population and 5–14% among Japanese adults [44]. Terada, Muro et al. 
[45] first reported that GERD symptoms are an important factor associated with 
COPD exacerbation. Later, large-scale cohort studies verified that GERD is an inde-
pendent predictor of frequent exacerbations [46–48]. In the Copenhagen City Heart 
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Study, in which 1259 patients with COPD were enrolled, the association between 
GERD and COPD exacerbation was found only in those individuals who did not use 
acid-inhibitory treatment regularly [47]. Interestingly, another cohort study with 
4483 participants [48] showed that the use of a proton-pump inhibitor (PPI) was 
associated with frequent exacerbations but did not meaningfully influence the 
GERD–exacerbation association. A recent cohort study with 638 participants 
revealed that therapy with PPIs for GERD did not reduce the risk for severe exacer-
bations in COPD [49]. These results may suggest that regurgitation itself, rather 
than acid, causes COPD exacerbations. Patients with COPD who had experienced 
exacerbations in the previous year had prolonged latencies from water injection into 
the pharynx to the onset of the swallowing reflex compared to patients without exac-
erbations [3]. A more recent prospective study showed that a prolonged latency to 
initiate the swallowing reflex predisposed patients with COPD to exacerbations [4]. 
They suggested that abnormal swallowing reflexes in COPD might be affected by 
the comorbidity of GERD and cause bacterial colonization. Alternatively, impair-
ment of swallowing function may contribute to the manifestation of GERD symp-
toms by lowering of upper airway clearance and microaspiration. Tsuzuki et al. [5] 
showed that RSST is also a useful test for predicting exacerbations in patients 
with COPD.

6  �Coordination of Swallowing and Breathing in Aging 
and Diseases

6.1  �Discoordination Between Swallowing and Breathing May 
Predict Aspiration, Exacerbation, and Prognosis 
of Diseases

I-SW and SW-I patterns increase with aging [29] and in patients with stroke [50], 
head and neck cancer after treatment [51], Parkinson’s disease [52], or COPD [53]. 
I-SW-pattern swallows in combination with a delayed onset of the swallowing 
reflex may cause aspiration before the swallow, particularly in the case of liquid 
swallows. On the other hand, SW-I-pattern swallows may cause aspiration after the 
swallow when food residue is in the pharynx after the first swallowing reflex. 
Healthy subjects rarely aspirate even on such occasions; however, SW-I-pattern 
swallows and the shortening of the duration of deglutition apnea are correlated with 
laryngeal penetration and aspiration in patients with Parkinson’s disease [54]. 
Further, frequent I-SW and/or SW-I patterns (>25% occurrence rate) are associated 
with COPD exacerbation [55]. Therefore, identifying such subjects with a high 
I-SW/SW-I rate and treating them to reduce the I-SW/SW-I rate may prevent exac-
erbations of these diseases.
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6.2  �Coordination of Swallowing and Breathing in Patients 
with Obstructive Sleep Apnea Syndrome (OSAS)

CPAP prolongs the latency and reduces the frequency of swallows in healthy sub-
jects [56]. Animal experiments suggest that these effects are mediated by broncho-
pulmonary receptors rather than upper airway receptors [57]. In patients with 
OSAS, swallows occur in periods of microarousal, and swallows with the SW-I 
pattern are increased compared with healthy subjects [14]. CPAP restores the fre-
quency of SW-I-pattern swallows to the normal level in patients with OSAS [14], 
and the frequency and duration of GERD symptoms are also reduced [58].

7  �Factors Affecting Coordination Between Swallowing 
and Breathing

7.1  �Coordination of Swallowing and Breathing 
During Anesthesia

As described in Sect. 4, in conscious subjects, swallows preferentially occur during 
the early–middle phase of expiration, when the lung volume falls within a specific 
range. However, in unconscious subjects, e.g., during anesthesia, such a preference 
has not been observed [59]. It is well known that anesthesia attenuates airway 
defensive reflexes and heightens the risk of aspiration. During anesthesia, when 
swallows occur during inspiration or at the expiratory-to-inspiratory phase transi-
tion, coughing and apnea are often evoked due to laryngeal stimulation, resulting in 
a risk of aspiration [60]. Further, anesthesia affects the coordination of swallowing 
and breathing. Sevoflurane and propofol decrease the frequency of spontaneous 
swallows and increase the frequency of I-SW and SW-I pattern swallows [61].

7.2  �Coordination of Swallowing and Breathing During 
Loaded Breathing

The timing of swallows in the respiratory cycle is modified during loaded breathing 
even in conscious subjects. For example, hypercapnia increases the frequency of 
I-SW and SW-I swallows in both the conscious and unconscious states [60, 61]. 
However, hypercapnia decreases the frequency of swallows in the conscious state, 
whereas it augments the frequency in the unconscious state.

When resistive or elastic loading is applied to the respiratory system, the fre-
quency of swallows during inspiration and at the expiratory-to-inspiratory phase 
transition increases simultaneously with changes in breathing patterns [62].
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7.3  �Coordination of Swallowing and Breathing During 
Continuous Positive Airway Pressure 
and Assisted Ventilation

A brief (~100 ms) inspiratory flow is often recorded immediately after swallowing. 
This is not a true inspiration but a negative pressure associated with the relaxation 
of the pharyngeal constrictor muscle, known as the swallow noninspiratory flow 
(SNIF) [63]. When a bilevel positive pressure ventilator is used in S (spontaneous) 
or ST (spontaneous/timed) mode, SNIF may trigger inspiratory support, resulting in 
an SW-I pattern swallow [64, 65]. Terzi et al. [64] proposed that a device equipped 
with an off switch is effective to prevent swallowing-induced autotriggering of 
inspiration. In contrast, continuous positive airway pressure (CPAP) ventilation 
reduces the frequency of SW-I-pattern swallows in patients with OSAS [14].

Recently, we found that low-pressure (4  cm H2O) CPAP decreases the SW-I 
frequency, increases the SNIF occurrence, and normalizes the timing of swallow-
ing, suggesting that low-pressure CPAP alleviates the risk of aspiration in patients 
with COPD [66]. Low-pressure CPAP may affect the lung volume during quiet 
breathing by relieving the expiratory flow limitation and thereby shift the timing of 
swallowing toward early expiration. Therefore, although CPAP reduces the fre-
quency of swallows [56], it has a beneficial effect from the viewpoint of airway 
protection.

Nasal high-flow oxygen therapy (NHF) has recently been widely used for hypox-
emic respiratory failure. Since NHF generates low-level positive airway pressure 
during expiration with the mouth closed (2.7  cm H2O at 35  L/min [67] and 
5.5 cm H2O at 40 L/min [68]), it is expected to ameliorate the breathing–swallowing 
coordination, similar to low-level CPAP. However, in healthy volunteers, swallows 
during the inspiratory phase and at the expiratory-inspiratory transition tended to 
increase, although the occurrence rates were not significantly different [69]. On the 
other hand, NHF shortened the latency for inducing the swallowing reflex [69].

8  �Swallowing Rehabilitation to Improve the Coordination 
Between Swallowing and Breathing

Several methods potentially ameliorate the coordination between swallowing and 
breathing. The first method is the supraglottic swallow, a maneuver to ensure laryn-
geal closure during swallowing, in which each subject is instructed to inhale and 
hold his breath before and during swallowing and exhale after swallowing. By the 
use of this maneuver, the subject is expected to swallow at a high lung volume and 
naturally resume his respiration with expiration after swallowing, which would 
reduce SW-I-pattern swallows. Another method uses biofeedback, where informa-
tion on the respiratory phase and lung volume is visually presented so that a subject 
can swallow at an optimal time within the respiratory cycle [70]. Training with this 
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method has improved the swallowing function, such as in the penetration-aspiration 
score, in patients with head neck cancer.

9  �Conclusion

Coordination of swallowing and breathing is regulated by the interaction between 
central pattern generators of swallowing and breathing within the brainstem. The 
coordination is impaired in various conditions, e.g., aging, anesthesia, neurological 
diseases, and respiratory diseases, leading to aspiration and exacerbation of dis-
eases, and it may influence prognosis. Swallowing rehabilitation and low-level 
CPAP are candidates for therapeutic intervention to normalize the coordination of 
swallowing and breathing. Studies are needed to elucidate whether such interven-
tions improve the outcome.
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