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Abstract

Breathing techniques are commonly used to alleyiaie. Despite their frequent use,
surprisingly little is known about their efficacg aell as their underlying physiological
mechanismsThe purpose of this systematic review is to summaaaind critically appraise the
results of existing studies on the association betwespiration and pain, and to highlight a
potential physiological mechanism underlying thepreation-pain connection. A total of 31
publications from between 1984 and 2015 was retdeand analyzed. These articles were
classified into four groups: experimental and claistudies of the effect of pain on respiration,
clinical studies of the effects of breathing tecjugis on pain, and experimental studies of the
influence of various forms of respiration on laliorg-induced pain. The findings suggest that
pain influences respiration by increasing its flékgguency, and volume. Furthermore, paced
slow breathing is associated with pain reductiosdme of the studies, but evidence elucidating
the underlying physiological mechanisms of thigefffis lacking. Here we focus on the
potential role of the cardiovascular system orréspiratory modulation of pain. Further

research is definitely warranted.
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1. Introduction

The practice of breathing techniques is as old@gaYgoing back to about 2000 years
ago. Carefully controlling one's breathing is ofithe main limbs of Yoga (Pranayama)
[83,96]. Even now, alongside its use in meditatod relaxation in healthy people, breathing
practices are common as a therapeutic technigoenimolling various symptoms and
conditions including distress, anxiety, high blgodssure, asthma, and pain. Specifically in
controlling pain, paced slow deep breathing hasimecroutinely used in clinical and hospital
care for patients in pain and labour. Despite theyruses of breathing techniques, their

efficacy, and mechanisms of action remain unclear.

A bidirectional relationship exists between paind agspiration. First, respiratory changes
often occur in response to pain: an inspiratorypgeish a subsequent breath-hold in response to
sudden onset, acute pain , a sigh of relief whé@mipaemoved, or hyperventilation in the
presence of persistent and uncontrollable paireakly as 1940, Finesinger and Mazick [37]
pioneered research on this topic, exploring thecefdf painful stimuli on respiration in healthy
and 'psychoneurotic' patients. These authors foigidvariability in breathing responses
elicited by pain, with the majority of the healtpgrticipants showing an increase of respiration
depth and a moderate increase in minute respiratdwyne. Over the last three decades,
studies have further investigated this relationghigxperimental studies, but the literature and
findings on the topic are rather scattered acioss and research domains. Second, there is
evidence that respiration may influence subseqo@ntseverity. The instrumental application
of particular breathing techniques to relief ortcohpain is quite common in various clinical
environments. In particular, slow deep breathiag been used, either as a stand-alone

therapeutic intervention, or as a component of reo@mMpassing interventions such as
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relaxation and yoga. Three earlier review papers/fg80] have addressed the effect of
relaxation on pain, but, to date, no review is ke that specifically examines the effects of

breathing interventions on pain.

Because a remarkable number of clinical and laboratudies on the mutual interaction
between pain and respiration were published afi8d 1the aim of the present review was to
summarize the literature on the bidirectional aisgimn between pain and respiration in both
clinical (pain patients), and experimental (healtleyple) studies. The published articles can be
categorized into four domains: (1) experimentatligtsi on the effect of pain on respiration, (2)
clinical studies on the effect of pain on respomati(3) experimental studies on the effect of
respiration on pain, and (4) clinical studies om éffect of respiration on pain. Here, we aimed
to conduct a systematic literature review on tlsmeisition between pain and respiration and to
summarize and critically appraise the results ohest the four domains of research. Based on

the results of the systematic review, we outlineas@romising directions for future research.

2. Methods

This systematic review was.conducted accordingeayuidelines of the Centre for
Reviews and Disseminations [17] and Preferred Reygpltems for Systematic Review and
Meta-analysis Protocols (PRISMA-P) 2015 [82]. Aopsearch of the databases failed to find a
relevant study from before 1984 that qualifieddontemporary standards of research. Also the
access to older studies and databases from bed8retlirned out to be limited. Therefore, our
final search strategy aimed at retrieving the pltdd studies in online databases between 1984
and 2015, covering the time period in which theklnflthe work that has been done on this
topic. The MEDLINE and EMBASE databases were saat@s they are the most commonly
used databases in the area of health care int@saenThe search was conducted separately for

each database using pairwise keyword combinatibpain, nociception, analgesia, or
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hypoalgesia on the one hand, and respiration,regepy or breathing on the other hand.
However, the combination of “pain” and “respiratowas excluded as it produced too many
hits, due to the very general meaning and usatfgesé terms in a variety of disciplines. The
keyword search was limited to title and abstrdw, resulting records were filtered to include
only studies on human subjects, written in Englésid published between January 1984 -
December 2015. As such, 1,755 and 3,477 records neateved from MEDLINE and

EMBASE respectively (Figure 1, identification). Digations (1,370 records) were removed,
after which the titles and abstracts of the resgltet of studies (3,477 records) were screened
for relevance by the first author (H.J.), (Figuresdreening). The main reasons for exclusion
were: (1) studies that focused on cardiovasculdridood pressure without addressing
respiration as a main variable of the researchst(®jies that mainly focused on the effect of
painkillers and opioid medications on respiratarggession, (3) letters to the editor and
commentaries, or abstract-only publications. Ouhef36 publications resulting from this
screening, 6 were judged not-eligible, as 3 of tinare review articles, and 3 studies were
lacking an explicit breathing technique mentionethie article (see Table 1 and Figure 1,
eligibility). A snowball search was conducted bgmging the reference list of the withheld 30
publications, resulting in the identification ofeoadditional publication. Thus, a total number of
31 studies was included in the literature reviete B1 eligible articles were categorized into
four types of studies: (1) experimental studiesh@neffect of pain on respiratory outcomes, (2)
clinical studies on the effect of pain on respomati(3) clinical studies on the effect of breathing
exercises on self-reported pain, and (4) experiatetidies on the effect of instructed breathing
patterns on the laboratory-induced pain. FigureoVigdes the diagram of the publication

retrieval, screening, and categorization process.
<< Please Insert Table 1 about here >>

<< Please Insert Figure 1 about here >>



The first author (H.J.) extracted the following iedtes for both types of experimental
studies: publication year, sample size, participatype of pain, critical comparison made,
studied outcome, and findings in terms of eithén peither respiration. For the clinical studies
on respiratory effects of pain, we extracted: mailon year, sample size, participants,
comparison made, respiratory parameter under stndymain findings. The following variables
were extracted for the clinical studies on theaftd respiration on pain: publication year,
sample size, participants, type of pain, compagsuoade, type of breathing intervention,
presence/absence of other interventions combintdtiaé breathing technique, intervention
duration, and whether the breathing interventios effective in reducing pain. For each of the
four types of studies a narrative synthesis is igex/with information presented in the text and

tables, summarizing qualitatively the characteréstind findings.

3. Effect of pain on respiratory outcomes

3.1 Experimental studies

From the nine experimental studies summarized bi€T2, four studied the effect of a
phasic, short-lasting cutaneous pain stimulus {@ecataneous stimulation, or surgical incision
of the skin) on respiration [24,47,79,86]. Interggly, a consistent pattern of results emerges
from those studies, showing that sudden cutaneainsifcreases inspiratory flow, either by
decreasing inspiratory time [20], or by increasmgpiratory volume [86], or a combination of
both [47]. Inspiratory flow, or the ratio of insptory volume over inspiratory time, is thought to
reflect the central inspiratory drive mechanismjchitdetermines the intensity of the inspiration
[40]. The findings suggest that the increase ipinasory flow in response to acute cutaneous

painful stimulation seems to occur involuntarilychase it is instantaneous, it also occurs under



general anaesthesia[86] and it shows a remarkabémblance to the respiratory component of

the startle reflex[16,89].

<<<< Please Insert Table 2 about here >>>>

Five studies investigated the effects of anothenfof more tonic, sustained pain.
Findings in this area also are surprisingly comsistEvery study measuring both the timing and
volume components of respiration under conditidnsustained pain reported an increase in
minute ventilation [10,11,52,56,68], which is tiogal ventilatory output (amount of air that one
breathes in and out on a 1 min basis, calculatédeagroduct of respiratory frequency and tidal
volume). Pain-induced increases in minute ventiteeem to result from deeper breathing

[10,11,56], faster breathing [68], or a combinatidoth [52].

3.2. Clinical studies

Effects of pain on respiration have been documealsalin patients confronted with
clinical pain. The majority of these studies priityaaimed at developing a clinical tool to
evaluate pain in nonverbal, critically ill patiemtsinfants. Based on clinical expertise and/or on
previous inclusion. of respiratory measures in offegn assessment tools, studies reporting on
the development of those tools have included cheimgeespiratory rate and/or a reduced
compliance to a mechanical ventilator as potemtiitators of pain [41,54,72,74,75]. Some
studies have also included an empirical validatést for the inclusion of respiratory
assessments in the observation tool and studietheter not respiration changed during a
painful procedure or during pain relief in patiefithe three studies (Table 3) assessing
respiratory rate during a painful procedure allestsed an increased respiratory rate during pain

[41,54,74,75], though not necessarily in each iiddial [74,75]. One study also observed an



increased asynchrony with a ventilator during afatiicompared to a non-painful procedure

[41].

The study of Glynn et al. (1981) was the only studwhich the development of a clinical
pain assessment tool was not the primary aim; doeymented hyperventilation in chronic pain
patients, which diminished again after pain rgl]. As hyperventilation is a breathing pattern
in excess of metabolic needs leading to lower ewvékarbon dioxide pressure (hypocapnia)
[39], hyperventilation associated with chronic piiconsistent with the observed increases in
minute ventilation in response to sustained paifoasd in the above reviewed experimental
studies [10,11,52,56,68]. Although the latter ekpental studies [10,11,52,56,68] have not
measured arterial carbon dioxide pressures andtadefinitively conclude that hypocapnia
was present, it is very likely to have occurrecegivhe observed increases in minute
ventilation. Taken together, the findings of botiperimental and clinical studies of sustained
types of pain on respiration are in accordance thighliterature and studies on hyperventilation.
This fits with the notion that hyperventilationdagespiratory stress response that occurs most

typically in situations of uncontrollable stressaf, and pain [2,22,23,63,67,90,92].

<<<< Please Insert Table 3 about here >>>>



3.3. Discussion

Several authors have proposed that increased atmtil/ hyperventilation during acute
pain reflects the respiratory component of thetfitight response, preparing the organism for a
possible attack or injury [90,92,95]. Acute hypertiation can also activate the endogenous
adrenergic and opiate system [95], though it remairclear whether and how hyperventilation
could serve a functional goal in conditions of aticgpain. Chronic hyperventilation is
generally considered a pathological condition a@ysregulates basic physiological processes in
the body [39,45]. Earlier work from our group haggested that hyperventilation in patients
suffering from chronic fatigue results from feekngf uncontrollability, rather than from the
pain itself [9]. In this regard, it is interestitgnote that hyperventilation also occurs in
anticipation of pain without any actual painfuhstlation [85]. Thus, in contrast to the
apparently reflexive increase in inspiratory flawresponse to acute, cutaneous pain, the
hyperventilation effects associated with chronienare sustained forms of acute pain may be
less specific for pain. These hyperventilation @8elo not appear to depend on the stimulation
of nociceptive receptors, but rather may refleetitifluence of feelings of fear, panic, and
uncontrollability in response to a potential oruattaversive event such as pain. Unfortunately,
the precise neurophysiological mechanisms undeylyespiratory responses to acute as well as
to relatively sustained and chronic pain, are nait understood. Studies that critically test
potential mechanisms are clearly needed. Ultimakelgwledge from such studies will help
foster and validate the further development oficéihtools assessing respiratory changes as

indicators of pain in non-verbal individuals [41,53,74,75].



4. Effectsof respiration on pain

Many researchers and clinicians assume that sleyw deeathing can influence pain
perception throughout cardiovascular changes. &k, gespiration may be considered a
behavioral interface to change autonomic dischpageerns and central mechanisms known to
modulate pain. As many of the reviewed studies ssiggardiovascular effects of breathing
techniques as mediators or moderators of pain tehjeve provide the reader with an
introductory background on some of the potentiedlgvant interactions between pain,
respiration, and cardiovascular activity, prioatdually reviewing the clinical and experimental
studies. Doing so, we hope to facilitate the unfiamreader's understanding of some of the
hypothesized mechanisms and cardiovascular measutes studies that will be reviewed in

sections 4.2 and 4.3.
4.1. Interactions between pain, respiration and cardiovascular changes
The baroreflex system

The baroreflex is-a homeostatic, rapid negativelfeek loop adjusting heart rate and
blood pressure in the body [28]. Located in theyluassels, wall of the aortic arch and carotid
sinuses and chambers of the heart, baroreceptms shanges in blood pressure (BP) and relay
this information (via the vagal and glossopharyhgeave) to neurons of the nucleus of the
solitary tract (NTS) located in the medulla [28he€INTS projects to vagal/parasympathetic and
sympathetic brains stem nuclei (vagal: nucleus gmis, dorsal motor nucleus; sympathetic:
rostral ventrolateral medulla). Efferents from #nasiclei can increase (sympathetic) or
decrease (vagal) heart rate. Thus, when BP inesgagpansion of the arterial wall),
baroreceptors are stimulated causing a decredsmm rate (HR) and vascular tone.
Conversely, a decrease in BP inhibits the barotecgpresulting in an increase in HR and
vascular tone. This pathway is described as tréiaaxscular branch of the baroreceptor
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system [81,93]. For an overview of measuremenBR$ and clinical implications, we refer to

La Rovere, Pinna & Raczak (2008) [58].

Interestingly, the baroreceptor system also han&ra nervous branch, connecting the
NTS with other regulatory centers in the brain stard higher cerebral regions related to pain
and autonomic control such as the periaqueducagl @AG), nucleus raphe magnus, locus
coeruleus, anterior cingulate cortex, hypothalaemathalamus [28]. Via these connections,
information from cardiovascular activity can alsgpact higher cerebral regions involved in
emotion and cognition (insulae, hippocampus, amiggdieft prefrontal cortex), which may
reciprocally modulate autonomic outflow and chagstics of baroreceptor function
[19,44,77]. However, knowledge about the centraloes branch of the baroreceptor system

remains sparse.

Pain and Blood pressure

The literature describes an inverse correlatioween blood pressure (BP) levels and
pain sensitivity [13,20,28,33-35,43,71]. Such asvamtion may be functional in that it works
to reduce the impact of pain in stressful and terd@ag situations [14]. Several mechanisms
have been proposed for the association, includingutation of baroreceptors lowering cerebral
arousal [14,29,73], or.endogenous opioids and meradgic pathways as a crucial component
of deseending inhibitory activity [43,98]. Althougipioids and noradrenergic pathways play a
prominent role in pain modulation, human data @irtpotential role in the blood pressure-pain
sensitivity relationship are still sparse, whersasrole of the baroreceptors has been
investigated more thoroughly [14]. The NTS —thstfgynapse in the baroreflex —is an

importantinterface between autonomic centers in the brainstem andeahial nervous
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nociceptive system [14,28], allowing for centraldutation of both cardiorespiratory and

nociceptive activity [18].

Data consistently suggest that baroreceptors camdnaole in pain dampening. However,
the potential antinociceptive effects of baroreoeptimulation seem to depend on several
experimental and individual factors. For instarthe,mode of baroreflex stimulation (artificial
versus non-artificial) [32], the emotional statepafticipants [66], and the intensity of the
applied pain stimuli [77] can determine the anttineptive effect size. To complicate the
picture, the research literature demonstratesbdatreceptor activity can be modified in the
elderly [42], in pathological situations such asteynic hypertension and heart failure [8,25,70],
and can be overridden at various levels of therakenérvous system under some circumstances

such as mental stress [25], cognitive activity 22pand experimental pain induction [26].

Respiratory sinus arrhythmia (RSA)

RSA refers to oscillations in heart rate alonglireathing cycle: heart rate increases
during inspiration and decreases again during aipir. RSA is a major source of heart rate
variability (HRV). Central cardiorespiratory rhythgenerators (ventral and dorsal respiratory
groups), chemoreceptor, cardiac - and pulmonaeycstreflexes, local mechanical and
metabolic factors are all thought to contribut&®®A, but a major mechanism is the baroreflex
[4-7]. During inspiration, systolic blood pressdreps because of a decreased stroke volume,
resulting in a heart rate increase through therbflex [69,87]. During expiration, the reverse
occurs: blood pressure increases, activating begpters that trigger a vagally mediated
decrease in heart rate [50]. Variations in carfliieg caused by changes in intrathoracic
pressure are largely responsible for this bloodguree variability [59,69,87]. Thus, efferent

parasympathetic activity to the heart (‘cardiacaVagne') is elevated during expiration relative
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to inspiration, not only because of a potentiaiyptral respiratory gating of vagal outflow [31],
but also especially because of a stronger peripeenaulation of the baroreceptors during the
expiratory phase. A relative increase in vagal tmeéng exhalation inhibits the heart's primary
pacemaker, slowing down heart rate during expinadmd making heart rate more variable
across the respiratory cycle. Importantly, the nitagle of RSA (and HRV) depends on the
respiratory pattern as stronger fluctuations inrthedie across the respiratory cycle have been
observed with slower and/or deeper breathing vol{84g When one slows down breathing, a
compensatory increase in volume typically occuesefier breathing causes larger fluctuations
in BP as it is associated with larger fluctuationmtrathoracic pressure. Interestingly,
fluctuations in heart rate across the respiratggjecincrease to its maximum around a
breathing frequency of 0.10 Hz (6 breaths per meisluf50,61,94], which is also the frequency

around which spontaneous fluctuations.in bloodsaresoccur.

Thus, when breathing at 0.10 Hz, these spontar@smilations in blood pressure are
synchronized with the blood pressure oscillaticanssed by deep breathing, thereby creating
maximal fluctuations in heart rate and blood pres$60]. Slowbreathing techniques, more
specifically HRV/RSA biofeedback at this resonafreguency of about 0.10 Hz, can also
increase baroreflex sensitivity (BRS) [61], whislthe change of heart rate per 1 mmHg change
in blood pressure. Therefore, it is conceivablé tiwd only blood pressure changes, but also

higher BRS during slow deep breathing could moaupein.

In summary, although direct central mechanismsctaldo play critical roles in the
integration of pain and breathing, the barorecepystem seems to play an essential role in the
relationship between cardiovascular, respiratotivid¢ and pain dampening through the
cardiovascular and/or central branch of the sysidma.exact role and (inter)actions of the
central branch of the baroreceptor system remastean however. First, many mentioned

neuroanatomical regions appear directly or indiygot/olved in modulating a large number of
13



physiological actions. Second, multiple conditiamsl modulating factors seem to determine
the baroreceptor-mediated hypoalgesic effectsratteer complex way. Last but not least, other
central mechanisms such as endogenous opioidgireasxgic ascending and descending
systems, as well as placebo or distraction effeatsot be excluded, and may contribute

importantly to the overall respiratory hypoalgesifect.

4.2. Experimental studies

Despite the popularity of slow deep breathing (SB8pa main component of many non-
pharmacologic pain management interventions, ex@grial studies on the effect and
underlying mechanism of SDB were lacking until r@be We could identify nine studies in the
last five years that investigated the impact oathimg on different types of pain (electrical,
mechanical pressure, and thermal pain) in an exyatal setting. From these nine studies (see
Table 4), three investigated whether pain diffarsMeen inspiration versus expiration [3,53,62],
whereas six studies focused on the effect of sleathing (low frequency) on pain in

comparison with normal or higher frequencies obbnag [3,12,18,62,99,100].

<<<< please Insert Table 4 about here >>>>

Arsenault and colleagues observed lower pain dunisgjration compared to expiration
[4], whereas Iwabe and colleagues reported oppfasdengs [53] and Martin et al. found no
difference in pain between both respiratory ph#2k Taken together, the existing studies

indicate there is no (consistent) effect of redpisaphase on pain.
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Regarding the question whether SDB in particuladadoeduce pain, Chalaye and
colleagues [18}vere likely the first to address this with an expental study. In their study,
participants reported significantly higher therrpain threshold and tolerance (1° C on average)
during slow deep breathing (6 BPM) and HR biofee#ltimeathing compared to baseline. Fast
paced breathing (16 BPM) showed no effect compar&DB. Likewise, Zautra and
colleagues (2010) reported an overall reductigmaiim ratings in healthy individuals during
slow breathing, but not in fibromyalgia patient9][9n 2012, Martin and colleagues measured
both the nociceptive flexion reflex (NFR) and selported pain during a slow breathing task
[62]. Pain, but not the NFR was significantly reddduring slow breathing compared to
normal and fast breathing. However, in a study witimilar design, Arsenault and colleagues
could not replicate this finding [3]. In a recetudy, Botha and colleagues investigated the
effect of slow breathing on interoceptive pain g@nty in the esophageal region. They showed
that slow breathing compared to non-paced breathimgers the development of esophageal
hypersensitivity after infusion.of acid in the regi[12]. Finally, the study by Busch and
colleagues investigated-a possible role of relarat the effect of slow breathing on pain.
These authors compared pain thresholds betweentlad' SDB (respiratory feedback provided
by a computer) and 'relaxing' SDB (verbal instructoy experimenter). Pain thresholds were

significantly increased during relaxing SDB but dating attentive SDB [15].
4.2.1. Discussion

Among the studies that have experimentally investid [3,12,18,62,99,100] the effect of
slow breathing on pain, four out of the six studimed slow breathing to significantly reduce
pain. One out of two studies found that SDB alstuced the nociceptive reflex. One study
found onlyrelaxing instructions to be effective [18hd in another study it was observed that
breath-holding reduces pain. Overall, the findiags not very consistent and we could not

detect any obvious and systematic methodologi¢trdnce between the studies that observed
15



and those that failed to observe respiratory hygesah. Therefore, an important challenge for
future research will be to identify the criticalnzbtions under which slow deep breathing can
and cannot produce such "respiratory hypoalgekies'evident that a deeper understanding of
underlying mechanisms should be a focus in resaarche conditions and boundaries of the
respiratory hypoalgesia effect. Importantly, thedgts that have investigated the effects of SDB
on pain not only yield inconsistent findings, ttego have assumed quite different mechanisms
that could contribute to pain reduction. Behavionaldulators that have been studied or
hypothesized to underlie respiratory hypoalgesidue relaxation [15], distraction from pain
[18], and expectation [99]. The available evideiscecarce; but supports the idea that both
relaxation and distraction may contribute to resfpiry hypoalgesia, at least to some extent.
However, further studies that investigate and malate expectations, attention and/or stress
levels during instructed breathing are requiredrtiderstand and evaluate their relative
importance in pain reduction during instructed SPBysiological variables that have been
proposed or investigated as a potential moduldtoespiratory hypoalgesia mainly include
vagal activity or tone [18,62,99], respiratory srarrhythmia (RSA) [3], and baroreflex activity
[78]. Thus, consensus seems to exist among mahg@ubn the idea that slow deep breathing
modulates pain perception indirectly throughoutltarascular/autonomic changes that

accompany slow deep. breathing.

<<<< please Insert Figure 2 about here >>>>

Figure 2 depicts the triangular associations betvpeén, slow deep breathing and
potential mediators (behavioral/physiological) thave been proposed in the reviewed
literature. In addition, it summarizes the avakabVidence for each of the associations based on

the studies listed in Table 4. The cardiovascufacts of slow deep breathing have been
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described elsewhere [7,48,49,91], and have bedinatga in the studies on respiratory
hypoalgesia (association 'B' in Figure 2). Howetlggre is currently no clear evidence for a
moderating, mediating or causal role of these aartvo modulators in respiratory hypoalgesia.
Indeed, a few studies have looked at, but failefihtba correlation between the magnitude of
the respiratory hypoalgesia-effect on the one hand,the cardiovascular changes
accompanying slow deep breathing on the other [ilE#82]. In a similar vein, observing that
respiratory hypoalgesia is abolished by vagal lHdek[12] does not necessarily mean that
efferent vagal activity (or: vagal tone) is causihg observed antinociceptive effects of SDB.
Both vagal activity and respiratory hypoalgesia mayl be a 'read-out’ of other, correlated
central processes, without necessarily implyingsatian. In conclusion, many studies have
shown that slow deep breathing is accompanieddrgases in cardiac vagal tone or respiratory
sinus arrhythmia, but failed to critically showtorinvestigate to which extent the respiratory

hypoalgesia effect depends on such cardiovaschiarges.

4.3. Clinical studies

Many relaxation and meditation techniques includgructions to alter one’s breathing
pattern. This might be a reasonable approach beadube functional interactions between
respiration, cardiovascular activity, and pain tatary system [14]. However, only a limited
number of clinical studies have explicitly and gfieally addressed the effects of breathing as
an intervention technique and/or have attemptestiudy its effects independently from other
intervention components. We identified only eigiuidées in which breathing was the only or a

main component of a clinical intervention aimedeatucing pain (see Table 5).

<<<< please Insert Table 5 about here >>>>

17



One older study (1987) explored the effect of gpdeeathing relaxation technique on
postoperative pain, blood pressure, heart ratpired®n rate and muscle tension in patients
who underwent coronary artery bypass surgery [dffough the published study fails to report
statistics, the author concludes that slow rhythongathing resulted in a significant reduction in
pain, blood pressure, heart rate, respirationaatemuscle tension. In another study on labor
pain, Yilidrim and Sahin investigated the effecaofombination of three breathing techniques
(slow deep inhalation at the latent phase of dglivepid shallow breathing in the active phase,
and pant-blow abdominal breathing in the secongestd labor) plus skin massage [97].
Compared to a control group receiving no inten@mtthe group of women who received the

intervention reported less pain.

The effects of instructed deep breathing duringfpdiprocedures have been addressed in
two other studies. Friesner and colleagues stysh@adassociated with chest tube removal (a
flexible catheter that is inserted through the thedl into the pleural space, to remove air or
fluid from the intrathoracic space). The contrabgp received an opioid while the experimental
group received an additional deep breathing inteige during the painful procedure, which
caused significantly lower pain reports after apdai15 minutes later of tube removal
compared to control group [38]. In the study bylkRand colleagues, slow deep breathing was
found to reduce the pain associated with changiagsihg in burn patients [71]. Also, Elkreem
and colleagues found a significant decrease of gién a breathing exercise in children with
cancer pain [36]. In contrast to these positiveifigs, Downey and Zun [21] found no effect of
instructed deep breathing on pain in patients winsglted at an emergency department with

different types of pain as the principal complaint.
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In the study by Kapitza and colleagues, patientk alironic low back pain performed a
daily 30 minutes breathing exercise, making use oéspiratory biofeedback portable device.
The intervention group received contingent feedlmddkeir slow deep abdominal breathing
signal, whereas the control group received plag¢ebon-contingent) feedback of a constant
signal with a rate of 8 breaths per minute. Pamelkdid not differ significantly between both
groups, although the pain reduction in the expentalegroup was more pronounced when

comparing pain levels before with those of 3 moratier the intervention [55].
4.3.1 Discussion

The majority of the clinical studies reviewed (8 0fi8, or 75%) report a beneficial effect
of some type of breathing intervention on painhatigh these numbers are promising, a
research bias (experimenter bias, and patient€aapon) towards positive findings could be
at play here. In addition, three of the reviewedl&s did not apply the breathing technique
independently from other potentially active therafeingredients such as relaxation, massage,
listening to the relaxing sound of the sea, meditaietc. [21,55,97]. In those studies, it is not
clear how much each of the different interventioastributed to the pain reduction, or, whether

the breathing intervention contributed to the dftdcall.

Several other factors in the reviewed clinical stadender it difficult to draw a general
conclusion on the effectiveness of breathing irgetions, as well as on the mechanisms that
may have caused a hypoalgesic effect. Firstavident that the quality, type and intensity of
pain studied is very heterogeneous in the reviesliattal studies. Slow breathing exercises are
unlikely to have the same outcome in different étmas including burn pain [71],
musculoskeletal pain [55], emergency acute paih [@1labor pain [97]. For several studies,
the diversity of pain seems considerable even withpatient sample of the same study. For

example, in the study of Downey et al., a heteregan group of patients were recruited in an
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emergency situation [21]. In the study of Frieseteal., the chest tube removal occurred at three
different hospital sites [38], and also the paipexienced by burn patients during change of
dressing in the study of Park and colleagues nkayylihave varied considerably from one
patient to another due to degree, site and causerning [71]. Applying exactly the same
protocol for every patient could be a challengesgisuch diversity, which may further add to
uncontrolled error variance hindering statisticdiérence. Obviously, there is a tension between
scientific and clinical goals in this respect. $aigcally, future clinical studies would benefit
from more controlled inclusion criteria, leadingnhmre homogeneous patient groups in terms of
pain and illness characteristics, and from statditi controlling remaining variation caused by
diversity in the sample. However, clinically it magt be feasible to control for every source of
variance, and the clinical relevance of breathéwphiques for pain conditions would be limited

if the effects would not emerge robust across warinical conditions.

A second factor limiting the conclusions that cardbawn from the studies summarized
in Table 5 is that the applied breathing pattea®sisrather diverse. Slow abdominal breathing
seems to be the most.commonly applied techniqoet(f 8 studies, [21,55,65,71,97]), but
often the breathing technique is poorly descril#d36,65]. For example, several studies
remain unclear as to whether or not patients receexplicit instructions regarding respiratory
frequency [21,36,65]. It is recommendable thatreizlinical studies standardize and carefully
report the applied breathing technique, as welliag it is instructed to the patients. Breathing
patterns can be characterized in a basic way kgifgjpey the targeted timing (breathing
frequency, inspiration/expiration ratio) and voluthesathing depth) components of a breathing
cycle. Another relevant characteristic that shdxddeported is whether patients received
specific instructions to breathe through the na@ysws mouth, or to breath abdominally. In
addition, monitoring the patients' breathing (ugamgumography or respiratory belt) could be

valuable for several reasons. First, it allows rtayimg how well patients comply with the
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instructed breathing pattern. Second, recordingdhbpiratory signal allows the identification of
compensatory changes in breathing depth that afteeassociated with slow breathing. For
example, to maintain a stable level of ventilatian,increased breathing depth often
compensates reduced breathing frequency. It isedeaigle that breathing depth, rather than
respiratory frequency may play a key role in paduction, as deep breathing and breath-
holding following a deep inhalation could activétte anti-nociceptive effects of baroreceptor
stimulation [29,30] and concomitant increases igavactivation [14,88]. An increase in
inspiratory flow and volume has been describedr@aetion to acute pain [24,51,52,56,79], and
may be functional to reduce pain. Voluntary deegatits may be able to reduce pain as well.
Consistent with this idea, the Valsalva ManeuvavfVa forceful attempted exhalation against

a closed airway, has been found to decrease aainé¢lp.

Third, clinical studies may want to better confiml expectation, demand and distraction
effects caused by a breathing intervention. Aneadjotmany persons seem to assume and
accept that slow breathing is relaxing and helfdlleviate pain. In situations where a patient
is in pain and a clinician offers a strategy tissamnounced to be helpful, such expectation
effects may grow stronger and also demand effeatsaasily arise. In the studies mentioned
above (see Table 5), the experimenters were nudddi to the intervention, while some authors
acknowledged this as a limitation of their study,(!]. Although it may be unfeasible to blind
the therapist and experimenter to the interventiedycing or documenting expectation bias can
be achieved in clinical studies. Besides carefddlgigning and standardizing the instructions,
one can also measure patients' expectations dimeffectiveness of the to-be-delivered

intervention, or design studies in which expectatiare experimentally manipulated.

Aside from expectation and demand effects, anythirgtask demands attention and
can, therefore, distract from the pain. Also, therapist is likely a source of distraction, as

patients receiving the breathing intervention reeenore attention and care from the therapist
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compared to control groups who often only recetwaventional medical treatment
[21,38,65,71,97]. Some of the reviewed clinicabi##s implemented commendable attempts to
control for effects of distraction by giving a d&tting task to the control group, such as
placebo biofeedback [55] , sham breathing (courttiegoreath) [12], or pressing a rubber ball

as a distracting task [1].

In summary, several clinical studies suggest afi@akeffect of SDB on pain, but more
well-documented studies on homogeneous patienpgrtiat control for expectancy, demand

characteristics and distraction effects are clearly

5. General conclusion and directionsfor futureresearch

The outcomes of studies on the association betwesgriration and pain were presented
and psychophysiological mechanisms underlying thsseciations discussed. Pain and
respiration are integrated in a complex way, whigtke research advancements challenging
and ambitious. Acute pain augments respiratoryueagy, flow and volume, but the clinical
impact of chronic pain on respiration remains uaicknd needs consideration in future studies.
The majority of clinical studies document the ugafas of breathing techniques, especially
slow deep breathing to alleviate pain, but expentalestudies have not consistently establish
such a pain dampening effect, nor have studiesated¢he precise mechanism that would
produce such effect. The experiments on respiratdated hypoalgesia proposed diverse
mechanisms but did not yield consistent findingshdugh it would clinically useful to
understand respiratory hypoalgesia, the evidencertly does not support a direct causal
association between respiration and pain. A mafiggnt mediation through cardiovascular and
autonomic changes is plausible. Nevertheless, akgeestions need to be answered. 1) Do
psycho-behavioral mechanisms such as attentionaéfdaistraction, expectation and self-
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control caused by instructed breathing reduce &irZan slow deep breathing produce
analgesic effects beyond those produced by psyehavoral mechanism? 3) Is cardiovascular
activity — and baroreceptor activation in particutaa mediating link between slow deep
breathing and pain? What is the role of the cebirahch of the baroreceptor system in relation
to pain? What are the critical conditions and/odmlating factors for a baroreceptor-mediated
hypoalgesic effect? 4) Which other central mechasimay produce respiratory hypoalgesia
and what can we learn from the animal literaturthia respect? Other possible mechanisms

cannot be excluded, and may be part of an ovethanism.
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Figures Captions:

Fig. 1. Preferred Reporting Items for Systematic Reviews Meta-Analyses (PRISMA) 2009
flow diagram. The flow diagram represents publmafidentification, screening, selection, and

categorization.

Fig. 2. Diagram summarizing the experimental studies whickhised on the direct (A) and
indirect (B and C) associations between respiraiwh pain. In the indirect pathway (B and C),
other psychological/physiological mechanisms medilat analgesic effect of respiration. Solid-
line boxes indicate the association was observeth&specified link, whereas dashed-line
boxes indicate a lack of evidence for the assamiatilo study could provide evidence for both

parts of the indirect association link.
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Table 1: The systematic search in Medline and EMBASE daahal he keyword combination, number
of articles retrieved, total and the article aftaplication removed are shown. The total of 3477

publications found form both databases, after réngpthe duplications. language: English, population
humans, publication date: 1984 — December 2015

Database Medline EMBASE After
Duplication
Keyword combination Retrieved Retrieved Total removed
Pain + respiration 454 715 1169 803
Pain + respiratory NA NA NA NA
Pain + breathing 1162 2189 3351 2461
Nociception + respiration 24 31 55 36
Nociception + respiratory 77 102 179 118
Nociception + breathing 19 29 48 31
Algesia + respiration 0 1 1 1
Algesia + respiratory 2 2 4 4
Algesia + breathing 0 0 0 0
Hypoalgesia + respiration 6 6 12 6
Hypoalgesia + respiratory 9 14 23 14
Hypoalgesia + breathing 2 3 5 3
Total 1755 3092 4847 3477




Table 2. Overview of experimental studies investigating ¢fffect of pain on respiratory variables

Author Y ear Sample Size  Participants Typeof pain Comparison Outcome Finding
Duranti [24] 1991 14 Healthy Painful electricalnstili/ischemic pre / post insp. flow increase
pain
insp. time decrease
resp. cycle  decrease
time
Borgbjerg [11] 1996 10 Healthy Tourniquet pain alf ¢ pre / post pain tidal volume increase
pre / post opioid
MV
Sutherland [87] 1996 10 Under operation Surgicailion pre / post tidal volume increase
insp. flow increase
insp. time increase
Sarton et al [80] 1997 8 Healthy Mild electricataeous stimuli room air MV increase, similar between
hypercapnia conditions
hypoxia
Boiten [10] 1998 27 Healthy Cold pressor 3° C prest insp. pause increase
exp. pause increase
tidal volume increase
MV increase
insp. flow increase
Nishino [68] 1999 15 Healthy Tourniquet pain aff chlring 8 min pre / during insp. volume increase

resp. rate
end-tidal CQ

increase
decrease



Kato et al [56] 2001 10
Green et al [47] 2008 16
Hotta et al [52] 2009 11

of loaded breathing

Healthy Infusion of salinto masseter baseline
muscle pain
placebo
Healthy Sub-thresholdsaqta- threshold - inspiratory
cutaneous electrical stimulation expiratory
Healthy DOMS pre / post

pressure

resp. rate
MV
insp. rate

exp. rate

insp. time
tidal volume

insp. flow

tidal volume

MV

increase

increase
increase
increase

increase

decrease if during insp.
increase if during insp.

increase if during insp.

increase

increase

Resp: respiratory; Insp: inspiratory; Exp.:

expiratory; MV: minute ventilation; DOMS Delayed onset muscle soreness



Table 3: Overview of clinical studies on respiratory chasgn patients experiencing pain

Author Year Samplesize Participants Comparisons Respiratory Finding
parameter
Typeof pain
Glynn et al. [46] 1981 52 chronic pain patients w leack pain, pre vs post pain relief arterial CO2 level decreased

Puntillo et al. [74,75] 1997 31 patients
114 assessment

Payen et al. [72] 2001 30 patients
269 assessment

Gélinas et al. [41] 2007 30 conscious
25 unconscious

Kabes et al. [54] 2009 64 patients

121 assessments

cancer pain and
other causes

surgical patients

mechanically
ventilated patients
in trauma unit

ICU patients

ICU patients

pre vs post change in RR
intravenous dose of an
opioid
none compliance with
ventilator
pre/post a non- RR
nociceptive
/nociceptive
procedure
pre vs during vs post change in RR of 10 or
painful procedure 20 breaths/min over

the past 4 hours

RR increase of 10-20
above baseline

asynchrony with
ventilator

hyperventilation upon
pain relief

increased RR prior to the
drug in 21% of the
patients

poor compliance/ fighting
with ventilator when in
pain

increase in RR during
nociceptive procedure

inclusion in a pain
assessment tool

increases during painful
procedure

inclusion in a pain
assessment tool

RR: respiratory rate; 1CU: intensive care unit



Table 4: Review of experimental studies investigated the effect of respiration on pain intensity and NFR

Author Y ear Participants Typeof pain Comparisons Outcome Findings
(Samplesize)
Chalayeet a [18] 2009 Healthy (20) Thermal pain (heat) basdine pain threshold Higher pain threshold and tolerancein SDB and HR
and tolerance biofeedback compared to baseline. No sig. change
6BPM during 16 BPM. Computer game increased only the
threshold of pain.
16 BMP
HR biofeedback
computer game
Zautraet al [100] 2010 Healthy (25) Thermal pain (heat) normal resp. rate pan Less pain especially during moderate pain in healthy
Fibromyalgia (27) 50% of normal rate control. No effectsin fibromyalgia patients.
Busch et al [15] 2012 Healthy (16) Thermal pain (cold attentive SDB pain threshold Increase of pain threshold in relaxing SDB, but not
and hot) relaxing SDB attentive SDB.
Martin et al [62] 2012 Healthy (30) Electrocutaneous normal/dow/fast breathing pain, NFR Reduced pain during slow breathing; NFR not
stimuli on sural nerve  insp. versus exp. influenced by breathing; no effects of breathing phase
Arsenault et a [3] 2013 Healthy (20) Electrocutaneous sow breathing with low insp.  pain, NFR No effect of breathing pattern on pain, but NFR
stimuli on sural nerve  slow breathing with fast insp. modulated. Pain lower during inspiration. NFR lower
normal breathing during expiration.
insp. versus exp.
Zunhammer et al [101] 2013 Healthy (20) Thermal pain (cold breathing at 0.14 Hz pain threshold, No effects
and hot) breathing at 0.10 Hz intensity,
breathing at 0.06 Hz unpleasantness
resting frequency
Iwabe et a [53] 2014 Healthy (10) Intraepi dermal insp. versus exp. pain intensity expiration < inspiration

dectrica stimulation



Bothaet a [12] 2014 Healthy (37) Electrical stimulation slow deep breathing
of proximal non-paced breathing
oesophagus

Reyesdd Paso et a [79] 2015 Healthy (38) Pressure algometer slow inhalation

breath-hold

skin conductance

brain activity

pain threshold
skin‘conductance

vagal tone

pain intensity

Deep breathing increases cardiac vagal tone and
decreases skin conductance responses. Deep breathing
prevents the devel opment of oesophageal
hypersensitivity

Less pain during bresth-hold comparing to slow
inhalation regardless of pressureintensities.

NFR: nociceptive flexion reflex, BPM: breath per minutes, HR: heart rate, SDB: slow deep breathing, NFR: nociceptive flexion reflex, SB: slow breathing



Table5: Overview of clinical studies

Author Y ear Sample Participants Comparisons Breathing technique  Intervention I ntervention Finding:
size combination' duration
Type of pain Effective?
Miller[65] 1987 15 coronary bypass surgery pre/sbsty Abdominal deep slow N short time effect 'yes',
breathing
but no p-value
reported
Yildrim & Sahin[98] 2004 40 labour pain C: no intervention Slow deep breathing Y short time effect yes
Rapid shallow breathing
E=20, C=20 E: breathing technigue Pant-blow breathing
Agarwal et al [1] 2005 75, 25 per Venous cannulation pain  C: control, V: Valsalva, Valsalva manoeuvre N 20 seconds yes
group before elective surgery B: press a rubber ball
Friesner et al[38] 2006 40 chest tube removal pain - C: opioid, E: opioid + deep Slow nose inhaling and N immediate + 15 min yes
after heart surgery slow breathing slow mouth exhaling
E=19, C=21
Downey & Zun[21] 2009 159 all type C: medication Slow breathing with Y short time effect no
meditation and focus on
C=84, E=75 (emergency department) ~ E: medication + deep breathing
breathing
Kapitza et al[55] 2010 42 chronic low back pain C: placebo biofeedback Respiratory biofeedback Y 30 min for 15 days no
E=21, C=21 E: biofeedback breathing
Park et al[71] 2013 64 burn patients C: medication Slow abdominal with N 3 sessions yes
2:4 inhalation/
E=34, C=30 E: breathing & medication €Xhalation ratio
Elkreem et al[36] 2014 70 children with cancer /post study, breathing  Not specified N 1 session yes

exercise




E: experimental or intervention group, C: Control, ' intervention combination refers to only breathing technique (N) or breathing in combination with other relaxation
techniques (Y)
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