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Abstract

Background: Autonomic complications are among the
most frequently reported complications after Coronary Artery
Bypass Graft (CABG) surgery. However, the risk of autonomic
complications and it’ s consequencesis not equal for all patient,
pre-operative, intraoperative and post-operative management
modify the autonomic nervous system. HRV might assume
an important role as a potential detector of autonomic system
instability in the early post-operative phase in Intensive Care
Unit and during hospital stay.

Aimof Sudy: The aim of this study was to investigate
the effect of using inspiratory muscle trainer as a method of
deep breathing exercises rehabilitation, on autonomic nervous
system modulation by analyzing heart rate variability and on
functional capacity through 6-minute walk test in phase 1
cardiac rehabilitation post coronary artery bypass graft (CA-
BG).

Material and Methods: Forty male patients who underwent
CABG aged from 40-60 years old and recruited from the
Cardiothoracic Surgery, Kasr El-Ainy Hospital, Cairo Univer-
sity enrolled in that study. They were assigned into two groups:
Group (A) studying group: Consisted of 30 patients, which
received inspiratory muscle training by inspiratory trainer in
addition to routine physiotherapy programme according to
department protocol in for of, percussion, vibration, and
breathing exercises). Group (B): Controlled Group: The control
group consisted of 20 patients, which received routine chest
physiotherapy program, percussion, vibration, and breathing
exercises). Programme started at first day after weaning from
mechanical ventilation and end at the day of discharge.

Results: Data obtained from two groups at the beginning
of the study and after the end of the study before discharge
from hospital regarding root square of successive differences
between RR intervals (RMSSD) to calculate heart rate varia-
bility and 6 minute walking distance were statistically analyzed
and compared within the same group and between the two
groups. Group A showed a significant increase in the RMSSD,
and walking distance through 6 minute compared with that
of group C (p<0.05) within the same group, and between the
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two groups. Using inspiratory muscle trainer in phase 1 cardiac
rehabilitation post Coronary Artery Bypass Graft (CABG) is
effective to enhance vagal tone through increasing heart rate
variability and functional capacity.

Conclusion: Within the limitation i of the current study,
it is concluded that, inspiratory muscle training as a method
of deep breathing technique ay improve heartrate variability
as an indicator for vagal activity, that in turn improve cardiac
sympathovagal balance, it was also included that the deep
breathing by inspiratory trainer will also improve functional
capacity which measured by distance travelled in 6 minute
walk test.

Key Words: Heart rate variability — Inspiratory trainer
CABG coronary artery bypass graft.

Introduction

HRYV has been shown to be effective as a predictor
of risk after myocardial infarction and early warning
sign of diabetic neuropathy, and vagal modulation
isregarded as an important mechanism of sudden
death. Recent evidences suggest that HRV analysis
might predict complication seven in patients un-
dergoing cardiac surgery and represent an important
field of clinical research, and the present review
summarizes the importance of HRV analysisin
adult cardiac surgery and the perspectives for HRV
usein current clinical practice [1].

Heart Rate Variability (HRV) provides indirect
insight into autonomic nervous system tone, and
has a well-established role as a marker of cardio-
vascular risk. Recent decades brought an increasing
interest in HRV assessment as a diagnostic tool in
detection of autonomic impairment, and prediction
of prognosisin severa neurological disorders.
Both bedside analysis of simple markers of HRV,
aswell as more sophisticated HRV analysesinclud-
ing time, frequency domain and nonlinear anaysis
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have been proven to detect early autonomic in-
volvement in several neurological disorders [2].

Atrial Fibrillation (AF) isafrequent complica-
tion of Coronary Artery Bypass Grafting (CABG)
with areported incidence of 5% to 40%, this value
estimated from aroutine clinical and electrocardi-
ographic follow-up is used after CABG [3].

Pre-operative, intraoperative and post-operative
management modify the autonomic nervous system,
and it is known that many drugs might induce
dterationsin HRV [1].

Severe impairment of Cardiac Autonomous
Regulation (CAR) assessed by Heart Rate Varia-
bility (HRV) has been observed post CABG. Lower
HRV indicate impairment in the regulation of the
heart's sinoatrial node rhythm, so, subject be less
able to tolerate a perturbation in physiologic home-
ostasis [4] . Preliminary evidence suggests that HRV
indexes may remain reduced for several months
or years after CABG before returning to pre-
operative levels [4].

Atrial Fibrillation (AF) is one of the most
frequent complications of cardiac surgery, affecting
more than one third of patients, multiple perioper-
ative factors have been proposed to contribute to
it, including operative trauma, inflammation, ele-
vationsin atrial pressure (including that due to left
ventricular diastolic dysfunction), autonomic nerv-
ous system imbal ance, metabolic and electrolyte
imbalances, or myocardial ischemic damage in-
curred during the operation [5].

The development of post-operative AF is asso-
ciated with a higher risk of operative morbidity,
prolonged hospitalization, and increased hospital
cost compared with that in patients remaining in
sinus rhythm [5].

Among all cardiovascular complications, new
onset Post-Operative Atria Fibrillation (POAF) is
one of the most common complications. POAF
occurs most frequently in the first 5 days after
cardiac surgery, with a peak incidence on 2nd and
3rd day post-operative. POAF is associated with
an increased risk of mortality and morbidity, leads
to a higher risk of stroke, requires additional treat-
ment, and increases post-operative costs. So, it
considered a significant problem [g].

Systemic and local inflammation due to patho-
physiologic effects of Cardiopulmonary Bypass
(CPB) and damage to the atrium by direct incision
are unavoidable consequences of cardiothoracic
procedures and contribute to the occurrence of

POAF. It isbelieved that surgical stress, as such,
isamore significant trigger of POAF than is sys-
temic inflammation [g].

There seemsto be asignificant increase in
sympathetic tone in the post-operative period, in
those patients who subsequently develop AF. The
pre-existence of abnormal atrial tissue and electro-
physiological abnormalities that may be amplified
during surgery and, when subjected to an adverse
post-operative triggers, could result in AF [7].

Thefirst report linking HRV to respiration has
been credited to Karl Ludwig, who in 1847 noted
that heart rate increased with inspiration and de-
creased with expiration [8§].

Respiratory muscle training at high intensities
can promote greater parasympathetic activity and
it may confer important benefits during a rehabil -
itation program in post-coronary artery bypass
grafting. Respiratory muscle training at high inten-
sities can promote greater parasympathetic activity
and it may confer important benefits during a
rehabilitation program in post-coronary artery
bypass grafting [2].

The changes in heart rate associated with res-
piratory activity are mediated primarily by a com-
bination of changing levels of efferent cardiac
vagal and sympathetic activity and mechanically
induced sinus node stretch with each respiration.

HRV during deep breathing test has shown that
vagal-cardiac activity is diminished in patients
with coronary artery disease.

Deep breathing produced faster, more variable
HR, while shallow breathing had the opposite
effects [9].

Aim of study:

The purpose will be to investigate the effect of
deep breathing on heart rate variability and auto-
nomic nervous system in cardiac rehabilitation
after coronary artery bypass graft.

Statement of the problem:

DOES deep breathing will affect heart rate
variability and autonomic nervous system function
in cardiac rehabilitation after coronary artery bypass
graft?

Sgnificance of the study:

Many studies have invariably demonstrated
that open heart surgery generally leadsto significant
HRV reduction, which is even more pronounced
than after myocardial infarction [10].
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Ejection fraction correlates well with HRV
parameters, prolonged HRV reduction following
CABG can also be perceived as areflection of the
level of gjection fraction damage [10].

According to some studies HRV is superior to
left ventricular gjection fraction in predicting
arrhythmic events (sudden cardiac death and ven-
tricular Tachycardia) [9].

Respiratory muscle training at high intensities
can promote greater parasympathetic activity and
it may confer important benefits during a rehabil-
itation program in post cronary artery bypass sur-
gery [10].

Subjects and Methods

I- Subjects:

Forty male patient with age ranged from 40 to
60 years old was recruited from Cardiothoracic
Surgery Department in Kasr Ainy Hospital at Fac-
ulty of Medicine, Cairo University from October
2018 to November 2019. They randomized into
two groups: 30 patients in the study group (SG)
and 10 patients in the control group (CG), under-
going coronary artery bypass graft via median
sternotomy.

Inclusion criteria:

* Patient the anesthetic protocol and surgical tech-
nique, including the protocol for conduct of CPB
were the same. All patients underwent median
sternotomy.

* Aged from 40 to 60 years old male patients.

* Analgesiain the post-operative period was opti-
mized and followed the standard protocol used
at the hospital.

Exclusion criteria:

* Patients who did not understand the techniques
used were excluded from the study.

» Those who presented hemodynamic instability
during evaluations or performance of inspiratory
muscle training.

* Those who have complications and readmitted
to the ICU.

* Patient with previous open heart surgery.
* Patient with uncontrolled diabetes mellites.
* Patient with presurgicsal autonomic dysfunction.

Patient who spent more than 24 hours on me-
chanical ventilation after operation.
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Patient were divided into two groups 30 patient
in studying group and 10 patient in controlled
group:

» Group A (studying group): Who received inspir-
atory muscle training in addition to post-operative
routine chest physiotherapy in form of (breathing
exercise, clearance techniques, early ambulation)
starting from first day after mechanical ventilation
weaning until the day of discharge from hospital,
2 session per day.

» Group B (controlled group): Who received post-
operative routine chest physiotherapy in form of
(breathing exercise, clearance technique, and
early ambulation) starting from first day after
mechanical ventilation weaning until the day of
discharge from hospital, 2 session per day.

I1- Instrumentation:

Fig. (1): IMT (Inspiratory Muscle Trainer).

The Threshold® IMT (Respironics Inc., Mur-
rysville, PA, USA) is an inspiratory muscle trainer,
which has been widely used with various health
conditions. This device contains, at its end, avalve
closed by the positive pressure of a spring, which
can be graded from 9 to 41cm H20 and allows
resistance changes by 2cm H 20 increments. The
Threshold IMT has a one-way spring-loaded valve,
that closes during inspiration and requires that
participants inhale hard enough, to open the valve
and let the air enter. This device provides constant
pressure for inspiratory muscle training, regardless
of how quickly or slowly the participants breathe,
and the optimal loading pressure can be adjusted,
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based upon the individual characteristics of the
participants. Threshold IMT provides consistent
and specific pressure for inspiratory muscle strength
and endurance training, regardless of how quickly
or slowly patients breathe. This device incorporates
a flow-independent one-way valve to ensure con-
sistent resistance and features an adjustable specific
pressure setting (in cm H20) to be set by a health-
care professional. When patients inhale through
Threshold IMT, a spring-loaded valve provides a
resistance that exercises respiratory muscles
through conditioning [11].

From the first day after extubation from me-
chanical ventilator, the control group was managed
according to the routine of the unit while the
training group underwent daily protocol of respi-
ratory muscle training until the day of discharge.

For safety criteria, all patients were evaluated
for hemodynamic (blood pressure, heart rate and
double product) and lung function (respiratory rate
and oxygen saturation), before, during and after
the session. If there was an increased heart rate
and higher blood pressure above baseline value,
session will stopped, performing 3 sets 40% of
MIP, with 10 repetitions. This training was per-
formed twice daily until hospital discharge, patients
in both groups heart rate variability will evaluated
through short period 2 minutes ECG, through time
domain analyzed method.

ECG (electro cardiograph):

ECG the process of recording the electrical
activity of the heart over a period of 2 minutes
using electrodes placed on the skin. These elec-
trodes detect the tiny electrical changes on the skin
that arise from the heart muscle's el ectrophysio-
logical pattern of depolarizing and repolarizing
during each heartbeat, to calculate heart rate vari-
ability through time domain method, short-term
heart rate variability analyses of all the patients
were obtained, and time-domain indices, root-mean
square differences of successive R-R intervals
[RMSSD] were calculated.

Standard twelve-lead ECG and short-term HRV
measurement were done after the last session on
day of charge using ECG system. The evaluation
was performed at rest in the supine position for a
period of 2 minutes, 2 minutes being used for RR
interval for recording and further analysis.

[11- Evaluating procedures:

Time domain method to calculate heart rate
variability: The single most common way in which
to analyses HRV is atime-domain method called

RMSSD. Thisisthe Root Mean Square of Succes-
sive Differences between each heartbeat. It is
relatively simple to calculate, and provides areli-
able measure of HRV and parasympathetic activity,

the RM SSD reflects the beat-to-beat variance in
HR and is the primary time-domain measure used
to estimate the vagally mediated changes reflected
in HRV (RMSSD) is obtained by first calculating
each successive time difference between heartbeats
in ms. Then, each of the valuesis squared and the
result is averaged before the square root of the
total is obtained [12].

Time domain method will be used to analyze
heart rate variability early after operation at first
day after weaning of mechanical ventilation, and
on the day of discharge from hospital in both
groups.

RR Interval
RMSSD=

Mean of above

(RR Interval 1-RR Interval 2) 2
+

(RR Interval 1-RR Interval 3)2 ...

Fig. (2): Time domain method to calculate heart rate variability.

6 Minute walk test:

Will applied as a functional assessment early
at 3rd day post-surgery and at the last day in hospital
before discharge for both groups.

The 6 MWD was applied in an in-door corridor,
with little traffic of people, with proper window
ventilation in its entire length.

A 30m length strip line tape was marked on the
floor. In every 3m there was a marking according
to the recommendations of the American Thoracic
Society. Before and after 6 MWD the patient was
monitored by cardio, by respiratory frequency, by
peripheral oxygen saturation, and blood pressure,
total test time and number of rest period will be
calculated test will be symptom limited, if patient
sense chest pain, dizziness, or other sign, test will
be stopped.
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It was applied for the predicted values and the
calculation of 6 MWD, the reference equation
providing an estimation of the distance in the six-
minute walk test.

For male patients the estimated distance was
equal to (7.57cm X height) — (5.02 X age) — (1.76
X weight kg) — 309m, minus 153m in order to
acquire the lower standard limit.

For female the ratio was (2.11 X height cm) —
(2.29 X weight kg) (5.78 X age) + 667m, minus
153m for the lower standard limit. The main pur-
pose of this study was investigation of the response
of heart rate variability, deep breathing test, 6
minute walk test, number of, and number of days
in hospital to deep breathing training by using
inspiratory muscle trainer in patients who have
underwent coronary artery bypass graft.

Results

Analysis of results:

This study was designed to investigate the
response of heart rate variability, and 6 minute
walk test, to inspiratory muscle trainer in phase
one cardiac rehabilitation in patients who have
underwent coronary artery bypass graft.

ECG (electro cardiograph) was used to assess
heart rate variability and number of PVCSin 40
male patients, at first day after extubating from
mechanical vent elation and on the day of discharge
from hospital.

Patient's demographic data, clinical character-
istics and post-operative history were collected
from admission record and surgical report.

The collected data for all patients who complet-
ed the procedure of the study were presented and
discussed under following heading:

|- Demographic data:

In this study, 40 male patients post coronary
artery bypass graft were assigned randomly into
two groups, studying group (30 patients), controlled
group (10 patients).

Group A (studying group): Thirty patients were
included in this group, the data in table and fig.
represented their median age 52 years old ranged
from 41-60 years old.

Group B (controlled group): Ten patients were
included in this group, the data in table and fig.
represented their median age 52.5 years old, ranged
from 41-59 years old. There was no significant
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difference between both groupsin their ages where
their p-value was 0.766.

Table (1): Physical characteristics of patientsin both groups
(A, B).

Group A Group B Comparison

Item

Mean +SD Mean +SD Z-value p-value

Ageyears 504 63 511 59 -0297 076 NS

I1- Results of studied patients:

Heart rate variability through calculation of
RMSD:

A- Within studying group:

Table demonstrated the RMSSD (root mean
square of successive differences between intervals),
before and after training by inspiratory muscle
trainer in addition to traditional physiotherapy in
studying group (group A) and before and after
traditional physiotherapy in controlled group (group
B). There was a significant increase in wilcxon-
signed-rank-test between before and after treatment
in both groups, RMSSD pretreatment by inspiratory
muscle trainer as median value was (0.185).

And post-treatment was .8, where the z-value
was 4,763 and p-value was 0,0, while RMSSD
AS amedian value in controlled group was 0.16
and post-treatment was 0.35, where the z-value
was —2.136 and p-value was 0.033.

Table (2): Median, minimum, maximum, z-value, p-value of
RMSSD, before and after training in both groups.

Group A Group B
(training group) (controlled group)

RMSSD Atfirg  Atthe  Atfirst  Atthe

day after day of day after day of

extubation discharge extubation discharge
* Median 0.18 0.8 0.16 0.35
e Maxium 0.7 0.6 0.7 1
* Minimum 0 0 0 0
* Median 0.6 0.3
difference

e Z-value —4.763 —2.36
*p-value 0.00* 0.003 *

N.B: *: Means this valueis significant.

B- Between Groups:

Table (3) revealed the Mann-Whitney U-test
for the RMSSD at first day after extubating and at
day of discharge between groups A and B, there
was no significant differencein value at first day
where z-value was —0,016 and p-value was 0,988.

While there was a significant differencein the
value at the day of discharge, where z-value was
—2,404 and p-value was 0,016.
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Table (3): Mann whity U-test between group A and group B,
for RMSSD, at first day after extubation of me-

Table (5): Ann Whity U-test between group A and B for 6
minute walk test, at third day after extubation and

chanical ventilation, and at the day of discharge. at the day of discharge.

At first day At the day At first At the At first At the

RMSSD after extubation of discharge RMSSD day after day of day after day of
extubation discharge extubation discharge
Group A Group B Group A Group B GroupA GroupB  GroupA  Group B
Median 18 16 8 35 * Median 60 50 105 80
Maxium 7 7 16 1 * Maxium 90 80 160 120
Minimum 0 0 0 0 «Minimum 20 25 40 35
Median difference .02 45 « Median 10 25
Z-value -.016 —2.404 difference
p-value 988 016 « Z-value -111 221
*p-value .26 .027*

6-minute walk test:
A- Within studying group:
Group A:

Table (4) demonstrated the 6 minute walk test
result which consider indicator to functional ca-
pacity, before and after training by inspiratory
muscle trainer in addition to traditional physiother-
apy in studying group, and before and after tradi-
tional physiotherapy training in controlled group.
There was a significant increase in wilcxon-signed-
rank-test between before and after treatment in
both groups, 6 minute walk test distance pre-
treatment in group A as median value was 60 and
post-treatment was 105, where the z-value was
—4,78 and p-value was 0, 0, while 6 minyte walk
distance in controlled group as aedian value before
treatment was 50 and after treatment was 80, where
z-value was —2.820 and p-value was .005.

Table (4): Median, minimum, maximum, z-value, p-value of
6 minute walk test, before AND after training in

both groups.
Group A Group B

\?valM ﬂlé;e At first At the At first At the

day after  dayof  dayafter  day of

extubation discharge extubation discharge
* Median 60 105 50 80
* Maxium 90 160 80 120
* Minimum 20 40 25 35
* Median 45 30
difference

e Z-value —4.78 -2.820
*p-value .00* 005*

N.B: *: Means this valueis significant.
B- Between groups:

Table (5) revealed the Mann-Whitney U-test
for the 6 minute walk test 3 rd day after operation
and at day of discharge between groups A and B,
there was no significant differencein valueat 3 rd
day where z-value was—1,11 and p-value was 0,26
while there was a significant difference in the value
at the day of discharge, where z-value was —2,21
and p-value was 0,027.

N.B: *: Means this value is significant.

Discussion

Fourty males patients were enrolled in this
study with their age ranged from 40 to 60 years
old. Participants assigned into 2 groups, 30 patients
in studying group, and 10 patients in controlled
group. p-values less than 0.05 was considered
statistically significant. The results of this study
showed that there was significant differencein
heart rate variability which measured by using
time domain method between studying and con-
trolled group.

To our knowledge few studies addressed the
effect of deep breathing exercises on heart rate
variability after open coronary artery bypass sur-
gery. Our study showed a significant increase in
RMSSD pre and post training by inspiratory trainer
p-value <.05, which indicate enhancement of para
sympathetic tone. A possible explanation for the
increase in parasympathetic and decrease sympa-
thetic modulation during a higher inspiratory work-
load istheincreasein tidal volume, as well asthe
increase in inspiratory effort.

In this context, there is study fulfilled by Flavia,
[13] demonstrated that the magnitude of autonomic
responses of HR during Respiratory Sinus Arrhyth-
mia (RSA) maneuver is directly proportional to
the tidal volume, RMT could be an important
strategy to enhance vagal tone in parallel to aerobic
exercise training programs in these patients. In
particular, the positive effects of RMT on vagal
tone could produce a cardio protective effect,
reducing risks to arrhythmias and fatal events.

In other hand, there is study conducted by
Surekharani Chinagudi et al., [14], investigate the
effect of short term deep breathing exercises on
heart rate variability, this study observed dow deep
breathing for five minutes shifted the cardiac
autonomic balance towards sympathetic nervous
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system. Thisis because when body begins a new
exercise for the first time, it is always the sympa-
thetic nervous system that gets activated.

In other randomized controlled trial study con-
ducted by Tharion E, et a., [15] on healthy subjects,
neither the mean of the RR intervals nor the pa-
rameters reflecting sympatho-vagal balance were
significantly different across the groups. This
findings may be attributed to the fact that the study
conducted on healthy subject, also, the age group
in that study was (21-33) years old which different
from the age group of present study (40-60) years
old, which accompanied by differencesin auto-
nomic nervous system modulation.

This study showed significant differencein 6
minute walk test between two groups and within
the group p-value <.05, the distance travelled by
the patient increased after deep breathing training
due to increase lung volumes by training and reduce
atelectasis, improve ventelation perfusion matching
which leads to increase functional work capacity.

This result supported by (MonishaR, and TS
Muthukumar, 2018) [16] who studied the effect of
active cycle of breathing exercise on 6 minute walk
test as an indictor of functional capacity post
coronary artery by pass graft surgery.

They concluded that pre-and post-operative 6
MWT distances were shown significant difference;
chest expansion following CABG has attained a
near normal value following ACBT at the end of
treatment.

At other hand, there is study produce by Savci
S, et al., [17] they investigate the effect of active
cycle of breathing techniques and incentive spirom-
eter in coronary artery bypass graft surgery, on
lung function and 6 minute walk test insixty male
patient (40-71) years old devided into groups group
trained with active cycle of breathing technique
and other group trained with incentive spirometry,
they reported that no significant differences were
found in 6 MWT distance, percentage of predicted
distance, heartrate, and oxygen saturation per-
formed before and after deep inspiratory training
on the fifth day following CABG surgery between
the groups (p>0.05). In the current study we found
significant difference in distance travelled in 6
minutes between the controlled group who received
traditional physiotherapy, and studying group who
received inspiratory muscle training at 40% of
MIP, difference in results between two studies
almost du to differentiation in training programme
duration, study which showed there is no significant
difference had 5 days only in training according
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to hospital protocol, current study consumed longer
period in training.

Conclusion:

Within the limitation of the current study, it is
concluded that inspiratory muscle training follow-
ing CABG coronary artery bypass graft as a method
of deep breathing technique improve heart rate
variability as an indicator for vagal activity, that
in turn improve cardiac sympathovagal balance,
also it was concluded that the deep breathing with
inspiratory trainer will aso improved as measured
by 6 minute walking test.
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