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The effect of Preoperative threshold inspiratory muscle training in adults 
undergoing cardiac surgery on postoperative hospital stay: a systematic review
Adele Cook MEng**, Laura Smith**, Callum Anderson, Nicole Ewing, Ashley Gammack BSc, Mark Pecover MSc, 
Nicole Sime PhD, and Helen F. Galley PhD, FRCA, FFCIM

School of Medicine, Medical Sciences and Nutrition, University of Aberdeen, Aberdeen, UK

ABSTRACT
Background: Systematic reviews have reported benefits of preoperative inspiratory muscle train
ing in adults undergoing cardiac surgery, however there have been inconsistencies with the devices 
used. Threshold devices generate a constant inspiratory load independent of respiratory rate.
Objective: To assess the effect of preoperative inspiratory muscle training using threshold devices 
in adults undergoing cardiac surgery.
Methods: A literature search was conducted across five electronic databases. Seven randomized 
controlled trials met the inclusion criteria and were critically appraised. The primary outcome was 
length of hospital stay. Secondary outcomes included postoperative pulmonary complications, 
quality of life and mortality.
Results: Seven eligible randomized controlled trials were identified with a total of 642 participants. 
One study was a post hoc analysis of one of the included studies. Three out of five studies reported 
a decrease in length of postoperative hospital stay (p < 0.05). A significant reduction in post
operative pulmonary complications was reported by three studies (p < 0.05). There were concerns 
with bias across all papers.
Conclusions: Preoperative threshold inspiratory muscle training has potential to reduce post
operative length of hospital stay and pulmonary complications after cardiac surgery. The evidence 
on quality of life and mortality is inconclusive. The overall evidence for these conclusions may be 
influenced by bias.
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Introduction

Cardiac surgery is associated with major postoperative 
complications which impact on long-term survival 
(Seese et al., 2020). Pulmonary complications are 
a leading cause of morbidity and mortality after cardiac 
surgery with reported incidences ranging from 2% all 
the way to 95% (Wynne, 2004) depending on the defini
tion used, the type of cardiac surgery and the study 
population (Naveed et al., 2017).

The pathogenesis of pulmonary complications follow
ing cardiac surgery is complex and multifactorial. 
Suggested mechanisms for pulmonary dysfunction include 
direct disruption of chest wall mechanics from surgical 
incisions, damage to the phrenic nerve, and indirect 
impairment of lung function secondary to a systemic 
inflammatory response induced by surgery (Badenes, 
Lozano, and Belda, 2015). Subsequent implications on gas 
exchange and functional and vital capacities may account 
for pulmonary infections, through alterations in V/Q 

ratios, and atelectasis (Siafakas, Mitrouska, Bouros, and 
Georgopoulos, 1999). In addition to the effects of surgery, 
patients undergoing cardiac surgery may be more suscep
tible to the development of postoperative pulmonary com
plications due to the presence of coexisting pulmonary 
disease, and cardiac disease affecting lung function 
(Weissman, 2004). Such complications prolong postopera
tive hospital stay, are associated with increased hospital 
costs (Sabaté, Mazo, and Canet, 2014) and the potential 
for further complications (Hauck and Zhao, 2011).

A recent study by D’Arx et al. (2020) reported that one 
quarter of patients awaiting elective cardiac surgery had 
inspiratory muscle weakness. Thus, there may be an 
important role for preoperative interventions which func
tion to increase the function of inspiratory muscles before 
cardiac surgery. Inspiratory muscle training aims to 
improve the function of the muscles used in inspiration, 
primarily the diaphragm, external intercostal muscles and 
parts of the internal intercostal muscles (McConnell, 2013). 
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Threshold inspiratory muscle training uses pressure- 
threshold devices which require individuals to generate 
a sufficiently high inspiratory pressure to overcome 
a negative pressure load using a one-way spring-loaded 
valve (McConnell, 2013). As a form of resistance training, 
threshold training functions to increase respiratory muscle 
strength by imposing a load on the muscles, increasing 
tension (McConnell, 2013). A unique feature of threshold 
devices is the load is independent of the respiratory rate, 
generating a linear pressure load which can be increased 
incrementally during training (Menzes et al., 2018; Paiva 
et al., 2015). Although there is no definitive consensus 
about which devices are most effective for inspiratory 
muscle training, this feature may account for its popularity 
of use in studies. Improvements in respiratory muscle 
strength using this type of device have been demonstrated 
across a range of patient populations, including those with 
chronic kidney disease, chronic obstructive pulmonary 
disease, heart failure and in patients undergoing bariatric 
surgery (Beaumont, Forget, Couturaud, and Reychler, 
2018; Casali et al., 2011; de Medeiros et al., 2017; Lin 
et al., 2012).

In the context of cardiac surgery, inspiratory muscle 
training in the preoperative period is gaining interest for 
its reported benefits over standard care in improving post
operative outcomes, especially concerning postoperative 
pulmonary complications and length of postoperative hos
pital stay (Ge et al., 2018; Gomes Neto, Martinez, Reis, and 
Carvalho, 2017; Karanfil and Møller, 2018; Katsura et al., 
2015; Kendall et al., 2018; Mans, Reeve, and Elkins, 2015). 
A number of these reviews, however, also included patients 
undergoing abdominal surgery; others included other phy
siotherapy regimes, or training using non-threshold 
devices. To the best of the authors’ knowledge, there is no 
systematic review which exclusively assesses the effect of 
threshold inspiratory muscle training in patients under
going cardiac surgery. Thus, conclusions about the effec
tiveness of threshold inspiratory muscle training in the 
preoperative period in adults undergoing cardiac surgery 
are based on systematic reviews with limited studies eval
uating this research area. This review therefore aims to 
provide more substantive evidence for the use of preopera
tive threshold inspiratory training in adults undergoing 
cardiac surgery in order to work toward a common proto
col for preoperative care in this patient group.

Methods

Review question

Does preoperative threshold inspiratory muscle training 
in adults undergoing cardiac surgery improve post
operative outcomes?

Identification and selection of studies

In order to be as rigorous as possible, a literature search was 
conducted independently by three investigators using the 
following five databases: Ovid EMBASE, Google Scholar, 
Ovid MEDLINE, PubMed Central and Scopus. The last 
search was carried out on 12th May 2020. Keywords used 
included: “cardiac surgery,” “inspiratory muscle training” 
and “preoperative.” Full search terms and applied limits 
used in each database can be found in Appendix A.

Following the removal of duplicates, the studies were 
screened by assessing the title, abstract, and full text 
against the inclusion and exclusion criteria. Each paper 
was independently screened by two reviewers and any 
discrepancies were discussed and agreed as a group. The 
screening process was carried out according to the 
Preferred Reporting Items of Systematic reviews and 
Meta-Analysis (PRISMA) flow diagram search protocol.

Inclusion and exclusion criteria

The PICOS framework (patient, intervention, control, out
come and study) recommended by the Cochrane 
Collaboration (McKenzie et al., 2019), was used to formu
late the review question and to determine the full inclusion 
and exclusion criteria. Papers were selected if they 
included: adults undergoing cardiac surgery; preoperative 
inspiratory muscle training with a threshold inspiratory 
muscle training device; assessed postoperative pulmonary 
complications, postoperative hospital stay, all-cause mor
tality or quality of life as an outcome; and were 
a randomized controlled trial, in English, published in or 
after 2005.

Papers were excluded if they included: pediatric 
(<18 years) patients; non-cardiac surgery; inclusion of 
other non-conventional preoperative regimes, other 
types of inspiratory muscle training devices or no pre
operative inspiratory muscle training.

Study characteristics

Population
Studies which met the inclusion criteria included adults 
undergoing all types of elective cardiac surgery. Data 
extracted about the participants were age, sex, and type 
of cardiac surgical procedure.

Intervention
The intervention was threshold inspiratory muscle 
training in the preoperative period. Data extracted 
about the intervention included the type of device, 
inspiratory load, duration of inspiratory muscle training 
and control intervention design.
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Outcome measures
The primary outcome was the duration of postoperative 
hospital stay. The secondary outcomes were postopera
tive pulmonary complications, quality of life and all- 
cause mortality.

Critical appraisal

Critical appraisal of each paper was carried out inde
pendently by three investigators using the 
Methodology Checklist-2: Controlled Trials, developed 
by the Scottish Intercollegiate Guidelines Network 
(2020). Bias was also assessed using the Cochrane Risk- 
of-Bias tool (RoB-2) checklist (Sterne et al., 2019), 
which assigns either a high risk, low risk, or some 
concerns of bias across several domains. Any discre
pancies in findings were discussed and resolved as 
a group.

Results

Identification and selection of studies

A total of 164 articles were identified from the literature 
search. After applying the inclusion and exclusion cri
teria, seven articles were identified for inclusion using 
the screening protocol outlined in Figure 1 (Chen et al., 
2019; Ferreira, Rodrigues, and Évora, 2009; Hulzebos 
et al., 2006a, 2006b; Savci et al., 2011; Sobrinho, 
Guirado, and Silva, 2014; Valkenet et al., 2017).

Study characteristics

Population
Of the seven studies, one (Valkenet et al., 2017) was a post 
hoc analysis of one of the other included studies (Hulzebos 
et al., 2006b), analyzing data not previously reported, from 
the same patient population. With this in consideration, 
there were 642 unique participants across the seven studies. 
Of the patient population, 308 participants had been allo
cated to an intervention group and 334 participants to 
a control group. The mean age of participants in each 
study ranged between 57 and 70 years old. The average 
male proportion across the groups was 50%–90.5%. Five 
studies specified that participants were patients undergoing 
exclusively coronary artery bypass graft (CABG) surgery. 
Chen et al. (2019) studied patients undergoing either 
a CABG procedure or cardiac valve surgery. Ferreira, 
Rodrigues, and Évora (2009) stated that participants were 
patients undergoing valvuloplasty or myocardial revascu
larization. The term “myocardial revascularization” was 
not defined. A summary of all study characteristics can 
be seen in Table 1.

Intervention
All studies assessed the use of preoperative threshold 
inspiratory muscle training in patients undergoing 
cardiac surgery. The same type of device for threshold 
inspiratory muscle training (Threshold Inspiratory 
Muscle Trainer) was used in all studies. A summary 
of all study interventions can be seen in Table 2.

Figure 1. Flow diagram showing the literature search protocol. Adapted from the PRISMA flow diagram (Moher, Liberati, Tetzlaff, and 
Altman, 2009).
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Inspiratory load. The baseline maximal inspiratory 
pressures of participants were measured prior to train
ing in all studies. Four studies (Chen et al., 2019; 
Hulzebos et al., 2006a, 2006b; Valkenet et al., 2017) 
used an inspiratory load at 30% of the maximal inspira
tory pressure, while two studies (Ferreira, Rodrigues, 
and Évora, 2009; Sobrinho, Guirado, and Silva, 2014) 
set the load at 40% and one (Savci et al., 2011) at 15%.

Five studies (Chen et al., 2019; Hulzebos et al., 2006a, 
2006b; Savci et al., 2011; Valkenet et al., 2017) increased the 
inspiratory load incrementally. Chen et al. (2019) and both 
studies by Hulzebos et al. (2006a); Hulzebos et al. (2006b) 
based the decision to increase the load on the rate of 
perceived exertion of participants, using the Borg CR-10 
Scale (Borg, 1982). The Borg Scale is based on the intensity 
of exertion perceived by the individual, correlating with 
physiological parameters such as heart rate and blood 
lactate levels (Borg, 1982). In the two studies in which 
this scale was used, inspiratory load was increased when 
the rate of perceived exertion was less than five. It is 
thought that scores close to five can be used to quantify 
the anaerobic threshold during exercise (Zamunér et al., 
2011).

Duration and frequency of inspiratory muscle train
ing. Training duration varied between 5 and 15 days 
in the preoperative period. All studies specified that the 
training in the preoperative period was undertaken up 
until the date of surgery, except Savci et al. (2011) and 
Hulzebos et al. (2006a). These studies did not state at 
what point in the preoperative period the training was 
undertaken. The frequency of training ranged from once 
a day to three times a day. Two studies (Sobrinho, 
Guirado, and Silva, 2014; Valkenet et al., 2017) did not 
specify the duration of training.

Control intervention design. In all studies, the control 
group received standard care before cardiac surgery. 
This consisted of patient education prior to surgery 
including information about early mobilization, cough
ing with wound support, and in three studies, instruc
tions for deep breathing exercises (Ferreira, Rodrigues, 
and Évora, 2009; Hulzebos et al., 2006a; Savci et al., 
2011).

In the paper by Chen et al. (2019), participants in 
both the intervention and control groups received 
inspiratory muscle training. However, although the con
trol group received the same duration, repetitions, fre
quency and supervision of training as the intervention 
group, the inspiratory load was fixed at the minimum 
load of the device (9 cmH2O). In contrast, the interven
tion group used the device set at 30% of maximal 
inspiratory pressure.

Outcomes
Length of hospital stay. Length of stay (LoS) in all 
studies referred to postoperative hospital stay. LoS was 
measured in days except for the study by Sobrinho, 
Guirado, and Silva (2014) which recorded the stay in 
minutes. Valkenet et al. (2017) and Ferreira, Rodrigues, 
and Évora (2009) did not measure LoS as an outcome.

Postoperative pulmonary complications. The incidence 
of postoperative pulmonary complications was investi
gated as a primary outcome by Chen et al. (2019) and 
Hulzebos et al. (2006b). An investigator in each of these 
studies graded subjects from 1 to 4 using an operational 
definition of postoperative pulmonary complications 
devised by Kroenke (1992). All studies investigating 
postoperative pulmonary complications reported the 
incidence of postoperative pneumonia. Hulzebos et al. 
(2006a) also reported the incidence of atelectasis. 
Sobrinho, Guirado, and Silva (2014) and Valkenet et al. 
(2017) did not report on postoperative pulmonary 
complications.

Quality of life. Only two studies directly reported the 
effect of preoperative inspiratory muscle training on 
postoperative quality of life (QoL). Valkenet et al. 
(2017) investigated health-related QoL scores by sec
ondary analysis of participants from the Hulzebos et al. 
(2006b) study. The Medical Outcomes Study Short 
Form 36-Item Questionnaire (SF-36) and the Euroqol 
5 Dimensions 3 Level Questionnaire (EQ-5D-3 L) were 
used.

The study conducted by Savci et al. (2011) used the 
Nottingham Health Profile to report postoperative QoL 
in patients who received inspiratory muscle training 
before CABG surgery. This questionnaire measures 
emotional reactions, energy, physical mobility, pain, 
sleep and social isolation. In addition, anxiety and 
depression were measured using the Hospital Anxiety 
and Depression Scale.

Mortality. Two studies reported on all-cause deaths 
within the study groups, however mortality was not 
measured as an outcome in either study. Ferreira, 
Rodrigues, and Évora (2009) recorded four deaths in 
the 30-day period after hospital discharge. Hulzebos 
et al. (2006b) reported four deaths in the control group 
after surgery.

Risk of bias
All studies randomized participants to intervention or 
control, but two studies did not state how this was done 
(Ferreira, Rodrigues, and Évora, 2009; Valkenet et al., 
2017). Three studies provided no detail regarding any 
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concealment process or whether it had occurred at all 
(Ferreira, Rodrigues, and Évora, 2009; Hulzebos et al., 
2006a; Valkenet et al., 2017). The study by Valkenet 
et al. (2017) reported a secondary analysis of the 
Hulzebos et al. (2006b) study data, however, it should 
be noted that the study was assessed for risk of bias as 
a standalone publication. Had the original paper been 
considered simultaneously, Valkenet et al. (2017) 
would have achieved a low risk of bias for the first 
domain.

Studies that reported the effect of assignment to 
intervention (intention-to-treat) were assessed for risk 
of bias in this area using domain 2a. Those that did not 
use intention-to-treat analysis were assessed using 
domain 2b. For two studies (Ferreira, Rodrigues, and 
Évora, 2009; Sobrinho, Guirado, and Silva, 2014), it was 
difficult to ascertain which type of analysis had been 
performed. In these cases, the studies were assessed 
under both domains as a precaution. Chen et al. (2019) 
was the only study to describe the possible blinding of 

Table 3. Summary of RoB-2 Bias analysis.
Chen 
et al. 

(2019)

Ferreira, 
Rodrigues, and 

Évora (2009)

Hulzebos 
et al. 

(2006a)

Hulzebos 
et al. 

(2006b)

Savci 
et al. 

(2011)

Sobrinho, 
Guirado, and 
Silva (2014)

Valkenet 
et al. 

(2017)

Domain 1: Risk of bias arising from the randomization 
process

LR SC SC LR LR LR SC

Domain 2a: Risk of bias due to deviations from the 
intended interventions (effect of assignment to 
intervention)

N/A LR LR N/A SC HR SC

Domain 2b: Risk of bias due to deviations from the 
intended interventions (effect of adherence to 
intervention)

HR HR N/A SC N/A HR N/A

Domain 3: Risk of bias due to missing outcome data LR LR LR LR LR HR LR
Domain 4: Risk of bias in measurement of the outcome LR LR LR LR LR LR LR
Domain 5: Risk of bias in selection of the reported result SC SC LR LR LR LR LR
Overall risk of bias HR HR SC SC SC HR SC

Adapted from the Revised Cochrane Risk-of-Bias Tool for Randomized Trials (RoB-2) (Sterne et al., 2019); LR, Low Risk; SC, Some Concerns; HR, High Risk; N/A, Not 
Applicable

Table 4. Summary of SIGN critical appraisal.

Chen 
et al. 

(2019)

Ferreira, 
Rodrigues, 
and Évora 

(2009)

Hulzebos 
et al. 

(2006a)

Hulzebos 
et al. 

(2006b)
Savci et al. 

(2011)

Sobrinho, 
Guirado, and 
Silva (2014)

Valkenet 
et al. 

(2017)

The study addresses an appropriate and clearly focused 
question.

Y Y Y Y Y Y Y

The assignment of subjects to treatment groups is randomized. Y CS Y Y Y Y Y
An adequate concealment method is used. Y CS CS Y Y Y CS
The design keeps subjects and investigators “blind” about 

treatment allocation.
Y CS CS N CS CS CS

The treatment and control groups are similar at the start of the 
trial.

Y Y Y Y Y Y Y

The only difference between groups is the treatment under 
investigation.

Y Y Y N Y Y Y

All relevant outcomes are measured in a standard, valid and 
reliable way.

Y Y Y Y Y Y Y

What percentage of the individuals or clusters recruited into 
each treatment arm of the study dropped out before the 
study was completed?

I = 2% 
C= 1%

I = 0% 
C = 0%

I = 0% 
C = 0%

I = 0.7% 
C = 1.4%

I = 12% 
C = 16%

CS N/A

All the subjects are analyzed in the groups to which they were 
randomly allocated (often referred to as intention to treat 
analysis).

N CS Y CS N CS Y

Where the study is carried out at more than one site, results are 
comparable for all sites.

N/A N/A N/A N/A N/A N/A N/A

How well was the study done to minimize bias? - - + + + - +
Taking into account clinical considerations, your evaluation of 

the methodology used, and the statistical power of the 
study, are you certain that the overall effect is due to the 
study intervention?

Y Y Y Y Y CS Y

Are the results of this study directly applicable to the patient 
group targeted by this guideline?

Y Y Y Y Y CS Y

Adapted from the SIGN Worksheet for Randomized Control Trials (Scottish Intercollegiate Guidelines Network, 2020); Y, Yes; N, No; CS, Cannot say; N/A, Not 
Applicable; +, Acceptable; -, Low Quality; I, Intervention Group; C, Control Group
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participants from the intervention group, by introdu
cing a sham therapy, however intervention providers are 
likely to have been unblinded in all studies. Most studies 
did not provide any specific information regarding 
important non-protocol interventions or non- 
adherence, whereas Hulzebos et al. (2006b) stated that 
three patients died during the study, thus introducing 
bias by not taking into account patients with more 
severe illness or co-morbidity, contributing to a poor 
prognosis.

Most studies were regarded as low risk in domain 3. 
Sobrinho, Guirado, and Silva (2014) was the only study 
to have a high risk of bias, due to a lack of any 
information regarding dropouts from the study. 
Results for the RoB-2 and SIGN Critical Appraisal 
for each study can be seen in Tables 3 and 4.

Effect of inspiratory muscle training

Length of stay
In the five studies which assessed the length of post
operative hospital stay (LoS), all reported a shorter LoS 
in the intervention group. The average difference ranged 
between 0.61 and 1.99 days. However, the LoS was 
statistically significantly shorter in the intervention 

group compared to control in only three of these studies 
(Chen et al., 2019; Hulzebos et al., 2006b; Sobrinho, 
Guirado, and Silva, 2014). The average difference in LoS 
between control and intervention groups in these studies 
ranged between 1.06 and 1.87 days (Table 5).

Postoperative pulmonary complications
Both studies which measured postoperative pulmon
ary complications using the criteria by Kroenke 
(1992) and reported the incidence of postoperative 
pulmonary complications at Grade 2 or above found 
a statistically significant lower incidence in the inter
vention group compared to the control group (Chen 
et al., 2019; Hulzebos et al., 2006b). Of the studies 
reporting on the incidence of pneumonia, only one 
study (Hulzebos et al., 2006b) reported a statistically 
significant result, with a significantly reduced inci
dence of pneumonia in the intervention group 
(6.5%) compared to the control group (16.1%) (p= 
0.01). Hulzebos et al. (2006a) reported a lower inci
dence of atelectasis in the intervention group com
pared to the control group (p= 0.05). Overall, three 
studies reported significant reductions in postopera
tive pulmonary complications. These results are 
summarized in Table 6.

Table 5. Summarizing the length of stay (LoS) as a primary outcome for six of the studies analyzed.

Reference Intervention, n Control, n

Mean Length of Postoperative Hospital Stay, Days (SD)

Difference in Means p-valueIntervention Group Control Group

Chen et al. (2019) 98 99 7.51 (2.83) 9.38 (3.10) −1.87 0.039*
Hulzebos et al. (2006a) 14 12 7.93 (1.93) 9.92 (5.78) −1.99 0.24
Hulzebos et al. (2006b) 139 137 7 8 −1 0.02*
Savci et al. (2011) 22 21 5.77 (1.74) 6.38 (2.33) −0.61 >0.05
Sobrinho, Guirado, and Silva (2014) 35 35 5.86 6.92 −1.06 0.001*

*denotes statistical significance (p< 0.05)

Table 6. Summary of postoperative pulmonary complications (PPCs) reported in the studies.
Reference Pneumonia, % Atelectasis, % PPCs ≥ Grade 2, %

Chen et al. (2019) CG 7.1 - 27.3
IG 3.1 - 10.2
p-value 0.321 - 0.002*

Ferreira, Rodrigues, and Évora (2009) CG 0 - -
IG 6.7 - -
p-value 1 - -

Hulzebos et al. (2006a) CG 8.3 50 -
IG 7.1 17 -
p-value - 0.05* -

Hulzebos et al. (2006b) CG 16.1 - 35
IG 6.5 - 18
p-value 0.01* - 0.02*

Savci et al. (2011) CG 0 0 -
IG 0 0 -
p-value - - -

*denotes statistical significance (p< 0.05); Grading of PPCs followed Kroenke (1992) operational definition of PPCs; PPC, Postoperative 
Pulmonary Complication; CG, Control Group; IG, Intervention Group.
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Quality of life
Valkenet et al. (2017) reported that all QoL scores 
significantly improved (p< 0.05) at 2 weeks, and 
again at 3 months after surgery, regardless of whether 
participants had been allocated to the intervention or 
control group. No further improvements were noted 6 
months postoperatively and there was no difference in 
QoL scores between intervention and control groups 
at any time point.

All patients who received inspiratory muscle train
ing in the study by Savci et al. (2011) showed improve
ment in sleep, regardless of allocation to the 
intervention or control groups. This improvement 
was statistically significantly greater (p< 0.05) in the 
intervention cohort compared to the control. There 
was no statistical difference in any of the other 
domains. The average of the anxiety scores in the 
intervention group decreased after surgery, however, 
the average increased in the control group. This dif
ference between the intervention and control groups 
was statistically significant (p< 0.05).

Mortality
Ferreira, Rodrigues, and Évora (2009) reported a 30- 
day all-cause mortality rate of 6.7% (one out of 15 
participants) in the control group and 20% (three 
out of 15 participants) in the intervention group, 
however this was not significantly different (p> 0.05). 
The only other study to report all-cause mortality was 
Hulzebos et al. (2006b). No time point at which these 
deaths occurred was stated. This study reported no 
deaths in the intervention group, but three out of 137 
control participants died (2.9%). Again, this was not 
significant.

Discussion

Overview of results

This systematic review of seven randomized con
trolled trials identified that preoperative threshold 
inspiratory muscle training in adults undergoing car
diac surgery reduced the length of postoperative hos
pital stay in three out of five of the studies, and 
postoperative pulmonary complications in three out 
of five of the studies. The evidence for quality of life 
and mortality was inconclusive.

Our primary outcome measure was length of post
operative hospital stay, and our results suggest that pre
operative threshold inspiratory muscle training has the 
potential to reduce postoperative length of stay in adults 
undergoing cardiac surgery.

Hospital stay

Our finding that preoperative threshold inspiratory 
muscle training significantly reduced post-operative 
length of stay in patients undergoing cardiac surgery in 
three out of five studies is in line with a systematic 
review conducted by Gomes Neto, Martinez, Reis, and 
Carvalho (2017). The study reported a two day decrease 
in postoperative length of stay; however, this finding is 
based on the results from only four studies. Our review 
identified an average difference in postoperative length 
of hospital stay between control and intervention groups 
between 1.06 and 1.87 days. This could be assumed to be 
accounted for by a reduced incidence of postoperative 
pulmonary complications, which are known to be 
a significant determinant of prolonged postoperative 
hospital stay (Almashrafi et al., 2016).

The three studies which reported a significant 
decrease in length of postoperative hospital stay had 
the largest study populations of the five studies assessing 
this outcome. The two studies which did not report 
significant differences had particularly small study 
populations (Hulzebos et al., 2006a; Savci et al., 2011). 
The study by Hulzebos et al. (2006a) included 26 parti
cipants, and the study by Savci et al. (2011) included 43 
participants. It is therefore possible that the studies were 
underpowered.

Influence of bias

All papers had at least “some concerns” with bias upon 
analysis using the Cochrane Risk-of-Bias tool (RoB-2) 
checklist (Sterne et al., 2019). The baseline characteris
tics of participants in the study by Sobrinho, Guirado, 
and Silva (2014) focused on a subset of only 10 patients 
in each cohort, instead of the full 35 that were analyzed, 
and only considered age, sex and BMI. This raises con
cerns about the presence of unequal baseline character
istics in the two groups.

Another important consideration is that of the under
lying risk of postoperative pulmonary complications in 
each study population. Savci et al. (2011) only included 
patients at low risk for postoperative pulmonary com
plications. This may account for the findings; the study 
reported a zero incidence of pulmonary complications 
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in both intervention and control groups and found no 
significant difference in length of postoperative hospital 
stay.

Hulzebos et al. (2006a); Hulzebos et al. (2006b), on 
the other hand, included only high-risk patients. The 
earlier study by Hulzebos et al. (2006a) did not find 
a statistically significant difference in the duration of 
postoperative hospital stay between the intervention 
and control groups. This could be accounted for due to 
the small sample size. The second larger study did, 
however, report a lower LoS in the intervention group. 
Both of these papers also found statistically significantly 
lower incidence of postoperative pulmonary complica
tions between groups. The authors could find no other 
systematic review exclusively investigating the effect of 
preoperative threshold inspiratory muscle training in 
cardiac surgical patients.

Inspiratory muscle training and respiratory muscle 
strength

Inspiratory muscle training can be categorized into 
resistance training and endurance training. Resistance 
training functions to increase respiratory muscle 
strength and is thus relevant in the context of inspiratory 
muscle weakness. Tension is generated in the muscle 
when a high-intensity load is placed on the muscle fibers 
for a short duration, and structural adaptations to the 
muscles occur (McConnell, 2013).

It is well established that cardiac surgery impairs 
pulmonary function, but there is ongoing debate in the 
literature as to the effects of cardiac surgery on respira
tory muscle strength (Naseer, Al-Shenqiti, Ali, and 
Aljeraisi, 2019). Barros et al. (2010) reported 
a reduction in respiratory muscle strength after cardiac 
surgery, however, a more recent study by Urell, Emtner, 
Hedenstrom, and Westerdahl (2016) found no reduc
tion of respiratory muscle strength after cardiac surgery. 
Pain affecting patients’ abilities to perform the tests in 
the postoperative period may account for reported 
reductions in respiratory muscle strength (Naseer, Al- 
Shenqiti, Ali, and Aljeraisi, 2019; Urell, Emtner, 
Hedenstrom, and Westerdahl, 2016). Nevertheless, 
a relationship between respiratory muscle strength and 
lung function, measured by inspiratory capacity, vital 
capacity and FEV1, has been demonstrated (Naseer, Al- 
Shenqiti, Ali, and Aljeraisi, 2019). This is significant as 
impairment of lung function is associated with atelec
tasis and pulmonary infections (Siafakas, Mitrouska, 
Bouros, and Georgopoulos, 1999).

Patients undergoing cardiac surgery may be suscep
tible to postoperative pulmonary complications due to 
underlying pulmonary disease or pulmonary 

dysfunction as a result of cardiac disease (Weissman, 
2004). Inspiratory muscle weakness, measured by max
imal inspiratory pressure (MIP), is often defined as an 
MIP of less than 70% of the predicted value, however 
this definition is not consistent across studies assessing 
inspiratory muscle weakness (D’Arx et al., 2020; 
Winkelmann et al., 2019). Research suggests that the 
choice of reference values in the context of equations 
used to predict MIP values strongly impacts on the 
prevalence of inspiratory muscle weakness (Rodrigues 
et al., 2017), thus comparison of predicted values must 
take this into account. Regarding studies included in our 
review, one (Hulzebos et al., 2006a) expressed the base
line MIP values as percentages of predicted values 
according to age and sex, meaning the actual MIP 
value was not stated, unlike in the other studies. 
Furthermore, there were differences in how the baseline 
MIP values were obtained during measurement. Thus, 
in this review, it is difficult to comment accurately on the 
prevalence of preoperative inspiratory muscle weakness, 
and by extension, relating this to the outcome of post
operative pulmonary complications.

Current literature highlights that the relationship 
between the development of postoperative pulmonary 
complications and inspiratory muscle strength before 
cardiac surgery remains unclear (D’Arx et al., 2020) 
and this raises interesting questions about to what 
extent improvements in respiratory muscle strength 
account for the reductions in postoperative pulmon
ary complications associated with inspiratory muscle 
training.

Preoperative physiotherapy regimes

Preoperative physiotherapy in the context of cardiac 
surgery has recognized benefits for improving post
operative outcomes, as demonstrated in studies by 
Nardi et al. (2019) and Nardi et al. (2020). These 
studies highlighted the potential of respiratory and 
motor physiotherapy protocols to improve respiratory 
function and reduce postoperative length of stay after 
cardiac surgery. A recently published best evidence 
analysis by Sandhu and Akowuah (2019) further 
endorsed prehabilitation in the context of cardiac 
surgery. The outcomes of this analysis were that 
inspiratory muscle training had the most favorable 
evidence for reducing postoperative pulmonary com
plications and length of stay after cardiac surgery 
compared with other preoperative physiotherapy 
regimes. Further research is required, however, to 
assess the cost-effectiveness and feasibility of imple
menting inspiratory muscle training using threshold 
devices compared to other physiotherapy protocols.
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Postoperative pulmonary complications

There is currently no standard definition of postopera
tive pulmonary complications and as such they are 
defined heterogeneously, encompassing a wide range 
of complications from surgery and anesthesia 
(Miskovic and Lumb, 2017). Postoperative pulmonary 
dysfunction is recognized as a common occurrence 
after cardiac surgery, attributed to hypoxemia, shallow 
breathing, ineffective cough and increased work of 
breathing (Wynne and Botti, 2004). Postoperative 
pain may impair the ability to cough effectively 
(Westerdahl, Jonsson, and Emtner, 2016), while the 
patient is predisposed to development of a cough or 
excessive sputum due to conditions typical of the post
operative period of extensive surgeries: posture, immo
bility and use of sedation or mechanical ventilation (de 
Sousa et al., 2012). The reported incidence, however, of 
severe pulmonary complications with clinical implica
tions, such as pneumonia and atelectasis, is low 
(García-Delgado, Navarrete-Sánchez, and Colmenero, 
2014). Thus, it is evident that comparison of the 
reported incidence of postoperative pulmonary com
plications across studies should therefore take into 
account the clinical significance of the complications.

Diagnosis and definition of postoperative pulmon
ary complications varied between the studies ana
lyzed. Chen et al. (2019) and Hulzebos et al. (2006b) 
both used the operational definition devised by 
Kroenke (1992) to grade postoperative pulmonary 
complications on a scale of 1–4, regarding any com
plication with two or more criteria from grade 2, or at 
least one from grade 3 or 4, as clinically significant. 
Complications were considered subclinical when 
there were no clinical symptoms or changes in aus
cultation, only abnormal radiological findings (e.g. 
grade 1). These criteria take into account both symp
toms and clinical features of the patient, as well as 
radiological findings. Similarly, the earlier Hulzebos 
et al. study (Hulzebos et al., 2006a) used a set of 
criteria that took into account chest x-ray findings, 
temperature, auscultation and sputum production. In 
comparison, Savci et al. (2011) used only radiological 
findings, however did regard any complications with 
no clinical features as “subclinical.” Ferreira, 
Rodrigues, and Évora (2009) did not state their diag
nostic criteria. The study by Chen et al. (2019) and the 
two studies by Hulzebos et al. (2006a); Hulzebos et al. 
(2006b) found a statistically significant difference in 
postoperative pulmonary complications between 

cohorts in most of the areas assessed. Ferreira, 
Rodrigues, and Évora (2009), conversely, did not 
find a statistically significant difference between their 
rates of pneumonia, and Savci et al. (2011) recorded 
no incidences of pneumonia or atelectasis. Comparing 
these results and drawing conclusions is difficult when 
there are so many differences between the definitions 
and diagnostic criteria used.

Training regimes

Various different training regimes were used in each 
study, ranging from a frequency of once a day to three 
times a day, and a duration of five to 15 days. Chen 
et al. (2019) and both studies by Hulzebos et al. 
(2006a); Hulzebos et al. (2006b) based the decision to 
increase the inspiratory load on the rate of perceived 
exertion of participants, using the Borg CR-10 Scale, if 
the rate of perceived exertion was less than five. The 
Borg CR-10 Scale was constructed based on exercise 
performed on a cycle ergometer, and not inspiratory 
muscle training (Borg, 1982). It is therefore possible 
that the rates of perceived exertion by participants did 
not correlate accurately with the scale. Furthermore, 
although it is thought that scores close to five can be 
used to quantify the anaerobic threshold during exer
cise, this evidence is based on exercise performed on 
a cycle ergometer (Zamunér et al., 2011). It is therefore 
evident that there was significant heterogeneity in the 
training regimes across the studies, highlighting the 
requirement for the optimum training regime to be 
determined.

Supervision of participant training

While our results show preoperative threshold inspira
tory muscle training has the potential to reduce the 
length of postoperative hospitalization, additional con
tact with physiotherapists in the preoperative period is 
required to implement the training. In implementing the 
training, consideration must be taken to ensure accurate 
technique and patient adherence to the regime. This 
may therefore require several clinic appointments 
under supervision, either in the initial phase of training 
or for the duration of the training. Recognizably, there 
will be costs associated with clinic appointments in 
addition to the costs of the training equipment; this 
should be balanced with the limitations of home training 
in the context of ensuring standardization of the regime.

The degree of supervision by physiotherapists varied 
between studies. As can be seen from Table 2, Chen et al. 
(2019), Savci et al. (2011) and Sobrinho, Guirado, and 
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Silva (2014) noted that all training sessions were super
vised. Hulzebos et al. (2006a), Hulzebos et al. (2006b) and 
Valkenet et al. (2017) stated that training sessions were 
supervised once a week, and participants in the study by 
Ferreira, Rodrigues, and Évora (2009) were not super
vised. Work by Kendall et al. (2018) showed that while no 
supervision of inspiratory muscle training regimes had no 
effect on postoperative outcomes, participants that were 
supervised weekly fared better in terms of postoperative 
length of stay, whereas those who were supervised daily 
experienced less postoperative pulmonary complications.

Opportunities for further study

This systematic review assessing the effect of preopera
tive threshold inspiratory muscle training solely in 
cardiac surgical patients has addressed a gap in the 
current literature, and has identified potential benefits 
of this form of preoperative training regarding post
operative outcomes. This review did not assess the 
effect of the intervention on inspiratory muscle 
strength in the context of postoperative outcomes, so 
a sensitivity analysis addressing this topic remains an 
opportunity for further study. Prospective registration 
with PROSPERO was not undertaken, which is 
a recognized limitation of this review. Additionally, 
the scope of this review did not cover a cost- 
effectiveness analysis. Future research should consider 
the cost effectiveness of threshold inspiratory muscle 
training as other physiotherapy protocols have demon
strated potential in improving postoperative outcomes 
(Nardi et al., 2019, 2020).

Conclusion

The results from this systematic review suggest that 
preoperative threshold inspiratory muscle training has 
potential to reduce postoperative length of hospital stay 
and pulmonary complications in adults following car
diac surgery. Research on the effects on quality of life 
and mortality is inconclusive. These findings may be 
influenced by bias identified across all papers. Further 
high-quality research is therefore required to establish 
the clinical significance of inspiratory muscle training; to 
identify the most beneficial training regime; and to 
determine whether the cost effectiveness is such that 
threshold inspiratory muscle training should be recom
mended to adults undergoing cardiac surgery.
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Appendix A – Search Method

1.Database Searched: Ovid Embase 1996 to 2020 Week 18
Search Terms used:
Inspiratory muscle training
AND
Cardiac Surgery.mp. OR Heart Surgery
AND
Adult
Limits Added: Randomized Control Trials; Humans

2.Database Searched: Google Scholar
Search Terms used:
Inspiratory muscle training
AND
Cardiac Surgery
AND
Preoperative
Limits Added: Randomized Control Trials

3.Database Searched: Ovid MedLine (1946 to April Week 
52,020)
Search Terms used:
Inspiratory muscle training
AND
Cardiac OR Heart
AND
Surgery
AND
Preoperative
Limits Added: Randomized Control Trials

4.Database Searched: PubMed Central
Search Terms used:
Inspiratory muscle training
AND
Cardiac
AND
Surgery
AND
Preoperative
Limits Added: Randomized Control Trials; Humans

5.Database Searched: Scopus
Search Terms used:
Inspiratory muscle training
AND
Cardiac Surgery
Limits Added: Randomized Control Trials; Humans
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