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Alteration of Inspiratory Muscle Strength is Related to Change in Deep
Breathing Heart Rate Variability in Patients Submitted to Open-Heart Surgery

Acik Kalp Ameliyat1 Gegiren Hastalarda Inspiratuar Kas Giiciindeki Degisimin Derin Solunum
Kalp Hiz1 Degiskenligindeki Degisim ile Iliskisi

Karan PONGPANIT AERTIRACT
0000-0002-6042-904X Aim: Despite the reduction of respiratory muscle strength and cardiac autonomic modulation
Benya VISESCHOONHASILP after open-heart surgery has been demonstrated, the association between changes in both
0000-0001-5154-9392 variables has not been investigated. This study aimed to determine the correlation between
Sukpattaraporn RUANGKLAI change in inspiratory muscle strength and change in deep breathing heart rate variability in
0000-0002-8606-7067 patients submitted to open-heart surgery.

Thanawat PARIYATKARAPHAN ; . : .
0000-0001-5119-9353 Material and Methods: An observational cross-sectional study was conducted among 32

Sasipa BURANAPUNTALUG participapts aged between 35 an_d 60 years who were undergoing coronary artery_bypass graft
0000-0002-3894-4109 and cardiac valve surgery. Inspiratory muscle strength was assessed by measuring maximal
Kornanong YUENYONGCHAIWAT inspiratory pressure using a respiratory pressure meter (RPM 01, Micro Medical Ltd., United
0000-0002-2997-4904 Kingdom). Deep breathing heart rate variability was collected using a Polar heart rate monitor

(Polar Electro Ltd., Finland) during a slow and deep breathing control. Evaluations were

performed on the day of admission and discharge.

Results: There was statistically significant reduction in maximal inspiratory pressure and deep

breathing heart rate variability indices in discharge period (p<0.05). The difference of
Department of Physiotherapy Faculty €XPpiratory/inspiratory ratio and inspiratory-expiratory differences was significantly correlated
of Allied Health Sciences Thammasat With the change in maximal inspiratory pressure in both absolute (r=-0.864, p=0.003 and
University, Pathum Thani, Thailand ~ r=-0.841, p=0.004, respectively) and percentages of predicted values (r=-0.868, p=0.003 and

r=-0.834, p=0.005, respectively).

Conclusion: Inspiratory muscle weakness was related to impair cardiac vagal modulation in

patients who had undergone open-heart surgery. The present study could provide rehabilitation

targets to improve inspiratory muscle strength and cardiac vagal tone.
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Amacg: Acik kalp ameliyati sonrasi solunum kas kuvvetinde ve kardiyak otonomik
modiilasyonda azalma olmasina ragmen, her iki degiskendeki degisimler arasindaki iligki
aragtirillmamugtir. Bu ¢alismada agik kalp ameliyati gegirmis olan hastalarda inspiratuar kas
giciindeki degisim ile derin solunum kalp hizi degiskenligindeki degisim arasindaki
korelasyonun belirlenmesi amaglandi.

Gerec ve Yontemler: Koroner arter bypass ameliyati ve kalp kapak ameliyati geciren yaglari
35 ile 60 yil arasida olan 32 katilimer ile gozlemsel kesitsel bir calisma yapildi. Inspiratuar
kas giicii, Solunum basinei 6lger (RPM 01, Micro Medical Ltd., Birlesik Krallik) kullanilarak
maksimum inspiratuar basmcin 6lgiilmesiyle degerlendirildi. Derin solunum kalp hizi
degiskenligi, yavas ve derin solunum kontrolii sirasinda Polar kalp atim hizi monitérii (Polar
Electro Ltd., Finlandiya) kullanilarak 6l¢iildii. Degerlendirmeler kabul ve taburcu giinii yapildi.
Bulgular: Taburculuk déneminde maksimum inspiratuar basing ve derin solunum kalp hizi
degiskenligi endekslerinde istatistiksel olarak anlamli sekilde bir azalma vardi (p<0,05).

Sorumlu Yazar Ekspirasyon/inspirasyon orani farki ve inspiratuar-ekspiratuar farklari ile maksimum
Corresponding Author inspiratuar basingtaki hem mutlak (sirasiyla r=-0,864; p=0,003 ve r=-0,841; p=0,004) hem de
Karan PONGPANIT ongoriilen degerlerin yiizdelerinin (sirasiyla r=-0,868; p=0,003 ve r=-0,834; p=0,005) degisimi
karan.p@allied.tu.ac.th arasinda istatistiksel olarak anlamli bir korelasyon vardi.

Sonuc: Inspiratuar kas giicsiizliigii, agik kalp ameliyat: geciren hastalarda kardiyak vagal
modiilasyonun bozulmasina neden oldu. Bu ¢aligma inspiratuar kas giictinii ve kardiyak vagal
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INTRODUCTION

Postoperative pulmonary changes after open-heart surgery
are caused by numerous factors involved in surgical
manipulation, anesthetic agents, cardiopulmonary bypass,
chest drain, thoracotomy pain, and immobilization (1,2).
These changes are associated with the restrictive
pulmonary pattern and impaired inspiratory muscle
strength (IMS) that was presented by a decrease in maximal
static inspiratory pressure (MIP) postoperatively (3-5).
Heart rate variability (HRV) is a non-invasive indicator
used to investigate cardiac autonomic functions. Alteration
of HRV reflects the imbalance of sympathovagal tone that
modulates cardiac rhythm (6). Moreover, HRV measurement
with deep breathing maneuver (HRVdb) was highly
accepted in clinical laboratories to measure cardiovagal
modulation in a wide range of disorders (7). According to
previous studies, it was shown that HRV indices were
reduced in patients who had undergone coronary artery
bypass graft (8) and cardiac valve surgery (9).

The respiratory cycle has synchronism with cardiac
rhythm, which is known as respiratory sinus arrhythmia
(RSA). The heart rate was increased during inspiration due
to parasympathetic withdrawal to the sinus node and
reversed it during expiration (10,11). Hence, the
attenuation of IMS can affect the fluctuation of cardiac
vagal tone. The previous study revealed that the patients
with chronic heart failure, who had inspiratory muscles
weakness showed a positive correlation with the reduction
of HRVdb (12).

Although the reduction of MIP and HRV after open-heart
surgery have been demonstrated, the alteration of HRVdb
and its association with the IMS has not been elucidated.
Thus, this study aimed to investigate whether inspiratory
muscle weakness would relate to the changes in cardiac
autonomic functions in patients submitted to open-heart
surgery.

MATERIALS AND METHODS

Study Design and Subjects

This study was designed as an observational, cross-
sectional study. Thirty-two patients, including males and
females who have age within 35-60 years and were
undergoing open-heart surgery that was recruited from
Thammasat ~ University Hospital, Thailand. The
participants who presented chronic lung diseases, chronic
heart failure, sinus rhythm disorders, myocardial
infarction, unstable angina, experienced previous cardiac
surgery, implanted a cardiac pacemaker, uncontrolled
diabetes  mellitus, uncontrolled blood pressure,
neurological disorders, and used mechanical ventilator
more than 24 hours after surgery were excluded.

The minimum required sample size was calculated, based
on the correlation coefficient between MIP and high
frequency power of HRV from the previous report by Reis
etal. (12). The statistical power, level of significance, and
effect size were set at 90%, 5%, and 0.84, respectively.
This study was approved by The Human Research Ethics
Committee of Thammasat University No.3 (Feb 2, 2018;
152/2560), and all participants have signed a written
informed consent.

Inspiratory Muscle Strength Assessment

IMS was obtained by measuring MIP during a maximum
inspiratory effort from the residual volume using
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respiratory pressure meter (RPM 01, Micro Medical Ltd.,
United Kingdom). Participants were instructed to breathe
as much effort and maintained for at least one second.
Three satisfactory attempts with an acceptable by no
leakage of air and met the reproducible with the variation
of less than 20% were used for analysis (13). The MIP
values were expressed as a percentage of predicted values
according to sex and age following the equations of Neder
et al. (14).

Deep Breathing Heart Rate Variability Assessment
RR intervals were recorded using a V800 Polar heart rate
monitor (Polar Electro Ltd., Finland) at a sampling rate of
1000 Hz. HRVdb was recorded during deep breathing
maneuver for 4 minutes in a supine position. Participants
were instructed to do a deep and slow inhalation and
exhalation to provide a maximal lung volume that varied
from the total lung capacity to the residual volume. Each
breathing cycle was performed for 10 seconds, divided into
5 seconds for inspiration and 5 seconds for expiration,
which provides a maximal RSA response according to a
previous report (15,16). Participants controlled their
respiratory cycles via a pointer clock on the computer
screen and received verbal feedback from the researcher.
HRVdb was analyzed in a linear method (time and
frequency domains) by Kubios HRV software version
3.0.2 (Biosignal Analysis and Medical Imaging Group,
University of Eastern Finland, Finland) following to the
Task Force of European Society of Cardiology and the
North American Society of Pacing and Electrophysiology
(6).

Time domain analysis was computed from the mean of the
longest RR intervals obtained during the expiratory phase
divided by the mean of the shortest RR intervals obtained
during the inspiratory phase (expiratory/inspiratory ratio;
E/N), the difference between the mean of the highest heart
rate obtained during the inspiratory phase and the mean of
the lowest heart rate obtained during the expiratory phase
(inspiratory-expiratory difference; AIE), the mean of RR
intervals (MeanRR), the standard deviation of all normal
RR intervals (SDNN), and the root mean square of the
successive difference (RMSSD). E/I ratio and AIE have
been indicated cardiac sympathovagal balance, MeanRR
and SDNN have been indicated cardiac autonomic
modulation, and RMSSD has been indicated cardiac vagal
modulation, subsequently. The Fast Fourier Transform
(FFT) on the time series was utilized as a frequency
domain. This FFT algorithm was applied to determine
power spectrum density which consisted of low frequency
power (LF: 0.04-0.15 Hz) and high frequency power (HF:
0.15-0.4 Hz). Spectral components were obtained in
normalized units (nu). LF power has been predominantly
indicated sympathetic tone, HF power has been indicated
parasympathetic tone, while LF/HF ratio has been
indicated cardiac sympathovagal balance, respectively.
The MIP and HRVdb indices were always evaluated in the
afternoon and controlled room temperature at 25°
centigrade. Testing was conducted on the day of admission
and discharge. In the post-operative period, all participants
were received conventional physiotherapy intervention,
which is followed the standard cardiac rehabilitation
protocol of the hospital including breathing exercises,
airway clearance techniques, early mobilization, exercise
training, and ambulation training (17).
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Statistical Analysis

Shapiro-Wilk test was used to determine data distribution.
Paired t-test and Pearson’s correlation were used for data
fitting normal distribution, while Wilcoxon sign rank test
and Spearman’s rank correlation were used for data not
consistent with a normal distribution. Using SPSS version
23 for carrying out all of analyses and level of statistical
significance was defined as p<0.05.

RESULTS

A total of 39 participants were recruited, but seven
participants were excluded because they had cardiac
arrhythmias (n=2), unstable angina (n=3), and withdraw
from the study (n=2). Characteristics of the participants are
shown in Table 1. Comparison of IMS and HRVdb indices
between admission and discharge periods are summarized
in Table 2. Post-operative absolute and percentage values
of MIP (p=0.013 and p=0.005, sequentially) and HRVdb
indices including MeanRR (p=0.009), SDNN (p=0.016),
RMSSD (p=0.025), Total power (p=0.012), and HFnu
(p=0.016) were significantly lower, while LFnu (p=0.016)
was significantly higher than those evaluated
preoperatively. There were no significant difference
between operation periods in terms of the E/I ratio
(p=0.865), AIE (p=0.575), and LF/HF (p=0.111).
Correlation between the changes (discharge-admission) of
MIP and HRVdb indices are given in Table 3. The
difference of E/I ratio and AIE was significantly correlated
with the change in MIP in both absolute (r=-0.864,
p=0.003 and r=-0.841, p=0.004, respectively) and %
predicted values (r=-0.868, p=0.003 and r=-0.834,
p=0.005, respectively). No significant correlation was
found between the change of MIP and frequency domain
of HRVdb.

DISCUSSION

The attenuation of MIP has indicated to inspiratory muscle
weakness, which is shown as aforementioned that
consistency of MIP was decreased after coronary artery
bypass graft (3-5). The causes of these reductions may be

Table 1. Characteristics of the participants

Variables Value
Age (years) 52.3+5.3
Male, n (%) 20 (62.5)
Body mass index (kg/m?) 24.8+4.5
Left ventricular ejection fraction (%) 65.3+7.5
Diagnosis, n (%)

Valvular heart disease 16 (50.0)

Coronary heart disease 22 (68.8)
Underlying disease, n (%)

Hypertension 24 (75.0)

Diabetes mellitus 8 (25.0)

Dyslipidemia 18 (56.3)

Spirometrics
Forced expiratory volume in 1 second (FEV1) (%) 88.1+10.3

Forced vital capacity (FVC) (%) 90.0+9.5
FEV1/FVC (%) 96.5+9.9
Length of hospital stay (days) 8 (7-9)

Values are presented as meantstandard deviation, median (interquartile
range), or number of participants (%)
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Table 2. Comparison of IMS and HRVdb indices between
admission and discharge periods

Admission Discharge p

Inspiratory muscle strength

MIP (cm H20) 82.0+24.6 55.9+20.6 0.013
MIP (% predicted) 82.7430.0 63.5+19.8 0.005
Time domain

E/I ratio® 1.1(1.0-1.3) 11(1.0-16) 0.865
AIE (bpm)* 8.0 (1.6-20.6) 7.0(2.8-34.3) 0575
MeanRR (ms) 776.2+105.8 640.6+34.3 0.009
SDNN (ms) 18.9£10.7 10.7£7.1 0.016
RMSSD (ms)* 16.3 (2.7-27.7) 5.7(25-214) 0.025

Frequency domain
Total power (ms?)* 584.7 (121.2-1143.2) 179.5 (104.2-864.7) 0.012

LFnu 26.1£13.3 53.6+23.1 0.016
HFnu 73.9+13.3 46.4+23.1 0.016
LF/HF 0.4+0.1 1.7+0.7 0.111

Data analyzed by Paired t-test or “Wilcoxon signed rank test, VValues are
presented as meantstandard deviation or median (interquartile range),
IMS: inspiratory muscle strength, HRVdb: heart rate variability
measurement with deep breathing maneuver, MIP: maximal inspiratory
pressure, E/I ratio: expiratory/inspiratory ratio, AIE: inspiratory-
expiratory differences, MeanRR: mean of R to R intervals for normal
beats, SDNN: standard deviation of all R to R intervals, RMSSD: square
root of the mean of the sum of the squares of differences between adjacent
R to R intervals, LFnu: low frequency power in normalized units, HFnu:
high frequency power in normalized units, LF/HF: the ratio between low
and high frequency power.

Table 3. Correlation between change in MIP and change
in HRVdb indices

AMIP (% srlzldlizted)
r p r p

Time domain
AE/I ratio -0.864 0.003 -0.868 0.003
AIE difference (bpm) -0.841 0.004 -0.834 0.005
AMeanRR (ms) 0.034 0468 0.061 0.443
ASDNN (ms) -0.255 0271 -0.355 0.194
ARMSSD (ms) -0.169 0.345 -0.146 0.356
Frequency domain
ATotal power (ms?) -0.466  0.122 -0.429 0.145
ALFnu -0.294 0240 -0.263 0.264
AHFnu 0.294 0240 0.263 0.264
ALF/HF# 0.190 0326 0.262 0.265

Data analyzed by Pearson’s correlation or #Spearman’s rank correlation,
MIP: maximal inspiratory pressure, HRVdb: heart rate variability
measurement with deep breathing maneuver, AMIP: delta change of
maximal inspiratory pressure, AE/l ratio: delta change of
expiratory/inspiratory ratio, AIE differences: delta change of inspiratory-
expiratory differences, AmeanRR: delta change of mean of R to R
intervals for normal beats, ASDNN: delta change of standard deviation of
all R to R intervals, ARMSSD: delta change of square root of the mean
of the sum of the squares of differences between adjacent R to R intervals,
ALFnu: delta change of low frequency power in normalized units,
AHFnu: delta change of high frequency power in normalized units,
ALF/HF: delta change of the ratio between low and high frequency
power.
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related to surgical manipulation, degree of sedation,
cardioplegic agents, thermal damage, and
cardiopulmonary bypass used that lead to change in
pulmonary mechanics and respiratory compliance (3,18-
21). Also, post-operative pain may cause of immobilizing
and restrictive pulmonary pattern (22). However, the pain
scales in this study showed no difference between
admission and discharge periods. Thus, postoperative pain
may not effect on the efficacy of MIP assessments.

The alteration of cardiac autonomic function that was
obtained during deep breathing maneuver was provided
with the abnormal activity of cardiac vagal tone (7). In this
study, the participants who had undergone open-heart
surgery were showed a reduction in parasympathetic
regulation, cooperating with more increased sympathetic
activity on the day of discharge. Therefore, the results of
this study demonstrated the resemblance to the previous
research that has substantiated in coronary artery bypass
graft (8) and cardiac valve surgery patients (9), even if they
used the different methods of HRV measurement.

The RSA is modulated by the interaction between the
respiratory and cardiovascular functions (10,11). Hence,
the alterations of breathing frequency and tidal volume can
effect on this relation. In this study, as the respiratory rate
was controlled during deep breathing manoeuver,
therefore, the decrease of HRVdb values may be reflected
from the reduction of tidal volume, which was possibly
resulted from the decrease in inspiratory muscle strength
and pulmonary compliance after surgery that was
described above.

This study demonstrated the correlation between the
reduction of MIP and HRVdb indices that are consistent
with the previous report (12). This relation is probably
occurred due to the post-operative pulmonary dysfunction
that was represented by a restrictive pulmonary pattern.
Assuming that inspiratory muscle weakness leads to rapid
and shallow breathing with can be limited to the normal
incursion of the inspiratory muscles. Thus, the firing rate
of the sinus node was more inhibited in cardiac vagal tone,
caused by early and extensive provoked of a pulmonary
stretch receptor at peak inflation of each respiratory cycle
(23,24).

Although the present study had limitation slightly that is
the tidal volume, as well as the end tidal of carbon dioxide,
were not measured and controlled during the deep
breathing protocol, we instructed the participants to
breathe as deep and slow as they can also with monitored
pulse oxygen saturation. Furthermore, the participants also
received beta-blockers, which could generate an impact on
HRYV data; however, this study intended to investigate real-
life situations.

CONCLUSION

This study revealed that inspiratory muscle weakness was
related to impair cardiac vagal modulation in patients who
had undergone open-heart surgery. This finding could
provide rehabilitation targets to improve inspiratory
muscle strength and restore heart rate variability.
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