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INTRODUCTION

Valvular heart disease is one of heart failure
etiology and caused high morbidity and
mortality. Due to heart failure symptoms,
patients were needed to undergo surgery."*
One of the common problems after
heart valve surgery is reducing the right
ventricular function associated with the
increasing risk of mortality and morbidity
after cardiac surgery and increasing
hospital cost.”

The right ventricular function can
be determined by preload, afterload,
and contractility of the right ventricle.
The right ventricles structure was
sensitive to sudden afterload changes.
Some theories explained the reduction
of right ventricle contractility during
heart surgery such as pericardiotomy,
inflammations due to cardiopulmonary
bypass usage, mechanical ventilator usage,
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and pulmonary dysfunction after cardiac
surgery-.-l.{).}'

One of the new preoperative cardiac
rehabilitation program concepts in heart
surgery is maintaining good exercise
capacity using aerobic and inspiratory
muscle training programs.® Patients
with heart failare commonly have
inspiratory muscle weakness associated
with complications and exercise capacity
reduction after cardiac surgery. In heart
failure  patients, inspiratory muscle
weakness was  associated  calcium
regulation changes, calpain activation, and
increasing inflammatory mediators.” "
These problems may have a role in
reducing myocardial contractility.'"

Inspiratory muscle training has
been used as preoperative and cardiac
rehabilitation program in patients with
heart failure.*'"'* This study aimed to
establish the role of inspiratory muscle

Background: The reduction of right ventricular function after heart valve surgery was associated with mortality and
morhidity after cardiac surgery, prolonged ICU length of stay, and higher hospital cost. Inspiratory muscle training can be
considered for improving right ventricular systolic function by optimizing afterload dan cardiac contractility. The study aims to
determine the effect of inspiratory muscle training on right ventricular systolic function in patients after heart valve surgery.
Methods: Patients undergoing heart valve surgery were randomized into a conventional preoperative rehabilitation group
and conventional preoperative rehabilitation added high-intensity inspiratory muscle fraining at least 14 days before surgery.
Echocardiography examination was performed before rehabilitation and after cardiac surgery.

Results: There were 24 subjects consist of 12 control group and 12 intervention group. By using independent t-test or Mann
Whitney test, we found significant differences on right ventricular function between intervention and control group, by using
RV free wall strain (17.7 + 3.0% and 14.4 + 4.0%; p=0.033), RV FAC (43.2 4 4.9% and 35.1 + 8.8%; p=0.006), and TAPSE
(12.7 + 3.4 mm and 9.9 + 2.7 mm; p=0.039). ICU length of stay in the intervention group was significantly shorter than the
control group (3.2 4 0.8 and 4.2 + 1.3 days; p=0.044).
Conclusion: Patients underwent conventional preoperative rehabilitation added inspiratory muscle training had better right
ventricular systolic function than patients in control group.

preoperative inspiratory muscle training on right ventricular systolic function in patients after heart valve replacement
surgery. Bali Medical Journal 10(1): 340-346. DOI: 10.15562/bmj.v10i1.2182

training in patients’ right ventricular

function after heart valve surgery.
METHODS

Patient Population

We randomized 30 stable heart failure
patients (NYHA I - II), aged 18 - 60 years
old in Kariadi General Hospital, scheduled
for elective heart valve surgery into control
and intervention groups. This study was
conducted in August 2019 until November
2019. Patients with comorbidities such as
coronary heart disease, congenital heart
disease, chronic pulmonary obstructive
disease were excluded in this study.
Patients with cardiopulmonary bypass
time > 150 minutes, history of septic shock
after surgery, and exercise discontinuation
for more than three days were dropped
out. The local ethics committee approved
the study protocol.
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patients undergoing heart valve surgery
(Aug — Nov 2019; Kariadi General Hospital)
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Figure 1. Patients selection

Definitions

Inspiratory ~ muscle  training  was
performed at home at least 14 days
before heart valve surgery, twice a day
(10 minutes each exercise), with 5 x 10
Repetition Maximum (RM) intensity. The
resistance was increased on the 8" day of
training. Exercise will be halted when the
patient’s shows worsen clinical signs and
heart failure symptoms such as dyspnea,
palpitations, fatigue, or cyanotic. Home-
based exercise was supervised daily using
video call. Both groups received standard
preoperative exercise programs such as
aerobic training, breathing techniques,
ankle pump exercise, and range of motion
exercise.' 1"

Right ventricular systolic function
was measured by echocardiography using
three methods: right ventricular  free
wall strain (RV free wall strain), right
ventricular fractional area changes (RV
FAC), and Tricuspid Annular

Plane Systolic Excursion (TAPSE). All
methods were analyzed using Philips Qlab
Software. RV free wall strain was assessed
by tracing the right ventricular base,
mid, and apex on apical four-chamber
view. RV free wall strain <-20% indicates
abnormal right ventricular function. RV
FAC percentage was measured using

rehabilitation

1 refused
surgery

Heart valve replacement surgery |

1 sepsis

1death [ |

Postoperative
echocardiography

n=12

the difference between right ventricle
end-diastolic area and end-systolic area
divided by end-diastolic area multiplied
by one hundred. RV FAC < 35% indicates
RV systolic dysfunction. TAPSE was
measured by aligning an M-mode cursor
parallel with the RV free wall as it meets
the tricuspid annulus from the RV apical
four-chamber view. TAPSE < 17 mm
indicates RV systolic dysfunction.®'*
Echocardiography examinations were
performed before patients underwent
preoperative cardiac rehabilitation and
were discharged from the hospital.

Pulmonary hypertension probability
was assessed using echocardiography
measurement by  sPAP  (systolic
pulmonary arterial pressure) assessment
and supportive echocardiography signs.”'
Tricuspid regurgitation severity was
evaluated by measuring the tricuspid
regurgitation’s vena contracta jet width in
apical four-chamber view.”* Other rhythm
besides sinusrhythm on electrocardiogram
were considered as arrhythmia.

Statistical analysis

Baseline  characteristics data were
analyzed using descriptive statistics. The
normality of data was tested using the
Saphiro-Wilk test. Numerical values were

expressed as mean + standard deviation
(normally distributed data) or median
and interquartile range (non-normally
distributed data) and compared using
independent t-test or Mann-Whitney
test, as appropriate: The p-value threshold
was set at 0.05. Statistical analyses were
performed with TBM SPSS statistic version
23.

RESULTS

Thirty patients joined the study. Two
patients had septic shock and one patient
was died after surgery in intervention
group. Patients who refused surgery had
septic shock, and died were considered
dropped out in the control group. There
were 12 patients left in both groups. No
differences were found between control
and intervention groups for age, sex, height,
weight, vital signs, diagnosis, medical
therapies, surgery, arrhythmia, six-minute

walking distance, cardiopulmonary
bypass time, aortic cross-clamp time,
surgery  duration,  echocardiography

measurement, right ventricular function
measured using RV free wall strain, RV
FAC, and TAPSE. Some patients had
decreased right ventricular function
before cardiac surgery but there was no
statistical difference in decreased right
ventricular function patients’ numbers
between intervention and control groups
(Table 1).

The echocardiography  evaluation
after cardiac surgery showed a significant
difference in right ventricular systolic
function which measured by using RV
free wall strain (-17.7 + 3.0% vs -14.4 +
4.0%; p=0.033), RV FAC (43.2 + 4.9% vs
35.1 + 8.8%; p=0.006), and TAPSE (12.7
+ 34 mm vs 9.9 + 2.7 mm; p=0.039)
between intervention and control group
after cardiac surgery. Inspiratory muscle
training group had better right ventricular
function based on echocardiography
measurement after cardiac surgery (Table
2 and Figure 2).

We performed interrater reliability and
found an excellent reliabilities between
two measurements for RV free wall
strain (IC=0.998), RV FAC (IC=0.998),
and TAPSE (IC=0.998). There was good
interrater reliability between two observers
for RV free wall strain (IC=0.996), RV FAC
(IC=0.998), and TAPSE (IC=0.998).
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Table 1. Baseline characteristics

Groups
Intervention (n=12) Control (n=12) p
Age (year) 449+ 9.5 41.2+11.6 0.406*
Sex
Female (n) 6 (50%) 6 (50%) 107
Height (cm) 162 + 8.8 160.3 + 8.4 0.607*
Weight (kg) 575+ 11.2 581 + 8.2 0.888*
SBP (mmHg) 111.0+9.4 112.9 + 8.6 0.734*
DBP (mmHg) 69.2+ 7.9 68.5 + 8.4 0.951*
HR (times/minute) 75.0 + 12.9 79.3 + 14.8 0.259°
Diagnosis (n)
- Mitral stenosis 8(67%) 6 (50%) 0.679"
- Mitral regurgitation 5(42%) 8 (67%) 0413°
- Aortic stenosis 0(0%) 1 (8%) L0°
- Aortic regurgitation 3(25%) 4(33%) 1.0°
- Tricuspid regurgitation 12 (100%) 12 (100%) Lo*
Medical therapies
- Diuretic (n) 7 (59%) 7 (59%) L.o*
- ACE{/ARB (n) 4(33%) 5 (42%) L.o*
- MRA (n) 10 (83%) 6 (50%) 0.194"
- Warfarin (n) 9 (75%) 8 (67%) Loe
- Digoxin (n) 10 (83%) 9 (75%) 1.0*
- Beta blocker (n) 10 (83%) 10 (83%) Lok
Surgery (n) 0.589¢
- MVR 9 (75%) 8 (67%)
- DVR 3(25%) 3 (25%)
- AVR 0(0%) 1(8%)
Echocardiography measurements
- LVEF (%) 65.5+ 8.5 64.7 + 7.8 0.805*
- mPAP (mmHg) 26.3 +13.2 319 +12.7 0.292¢
- sPAP (mmHg) 442 + 243 50.1 + 19.9 0.520°
- eRAP (mmHg) 7.8 +34 9.6 +5.7 0.498*
- PVR(WU) 27+15 32+15 0.382*
- RV base (mm) 420+ 9.5 42.0+9.2 0,604*
- RV mid (mm) 32.6 + 5.7 329 + 8.7 0.912*
- RV major axis (mm) 710 + 15.6 710 + 14.0 1.0
- PH probability (n) 0.607°
No PH 3(25%) 3 (25%)
Possible 7 (58%) 5 (42%)
Likely 2(17%) 4 (33%)
- Tricuspid regurgitation severity 0.315¢
(n)
Severe 1(8%) 4(33%)
Not severe 11 (92%) 8 (67%)
- RV free wall strain 0.637°
>20% 8 (67%) 10 (83%)
<20% 4(33%) 2 (17%)
- RVFAC 1.0r
>35% 12 (100%) 11 (92%)
<35% 0(0%) 1(8%)
- TAPSE 0.637°
>17 mm 8 (67%) 10 (83%)
<17 mm 4(33%) 2 (17%)
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Groups
Intervention (n=12) Control (n=12) p

Arrhythmia (n) 9 (75%) 8 (67%) 10"
6MWT (meter) 377+ 79 326 + 47 0.092*
CPB time (minutes) 483 +20.2; 52.6 +16.3; 0.193*

38.5 (38 - 90) 51.5 (33 - 90)
AoX time (minutes) 328 +161; 333 +139; 0.416*

24.5 (22 - 62) 28.5(22 - 69)
Surgery duration (minutes) 147.5 + 31.0; 145 + 29.7; 0.814*

142.5 (110 - 200) 127.5 (120 - 190)

TVr (n) 10 (83%) 11(92%) 10"

*independent t-test with alternative Mann-Whitney test; "Fischer-exact test; “chi square test

SD: standard deviation; SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate; ACEiL: Angiotensin-Converting Enzyme inhibitor;
ARB: angiotensin receptor blocker; MRA: MVR: mitral valve replacement; DVR: double valve replacement; AVR: aortic valve réplacement; LVEF:
left ventricular ejection fraction; RVS FW: right ventricular free wall strain; RV FAC: right ventricular fractional area changes; TAPSE: Tricuspid
Annular Plane Systolic Excursion; mPAP: mean pulmonary arterial pressure; sPAP: systolic pulmonary arterial pressure; eRAP: estimated right
atrial pressure; PVR: pulmonary vascular resistance; RV: right ventricular; PH: pulmonary hypertension; 6MWT: 6-minute walking test; CPB:

cardiopulmonary bypass; AoX: aortic cross-clamp; TVr: tricuspid valve repair.

Table 2. Right ventricular function before cardiac rehabilitation programs and after cardiac surgery
Mean+5D; Median (Minimum-Maximum)
p
Intervention (n=12) Control (n=12)
RV free wall strain (%)
« Pre -20.24£3.7;-19.5 [-11.3 - (-27)] -20.6 + 4,65 -20,6 [-13,3 - (-28)] 0.794*
«  Post -17.7 £3.0;-16.9 [-12.3 - (-24)] -14.4 +4.0;-15.4 [-6,3 - (-19)] 0.033*
RV FAC (%)
« Pre 443 +4.1;43.5 (39 - 52) 42.0 + 8.5;42.5 (19 - 56) 0.562"
«  Post 43.2 +4.9;42.5 (36 - 56) 35.1+8.8;37 (17 -51) 0.006"
TAPSE (mm)
« Pre 20.3 +4.4;21 (13 - 28) 204 +52;19.5(12-34) 0.839"
«  Post 12.7 +3.4;11.5 (9 - 20) 9.9+2.7;9(6 - 15) 0.039*

“independent t-test "Mann-Whitney test

DISCUSSIONS

Our study found the reduction on right
ventricular function by echocardiography
using RV free wall strain, RV FAC, and
TAPSE. These results were similar to
Singh et al. and Jadhav et al. study on
right ventricular function reduction after
cardiac surgery.”*' Surgical procedures
maynot become a confounding factorsince
all patients received the same procedures
such as cold cardioplegia usage, off-pump
cardiac surgery, and pericardial incision
size, which was known as the etiology for
reducing right ventricular function after
cardiac surgery.'

Right  ventricular function was
determined by preload, afterload, and
contractility. Preload states can be excluded
from the confounding factor because
there was no significant estimated right

atrial pressure difference/eRAP (p=0.698)
measured  using  echocardiography
between two groups. No significant
differences on TVr procedures between
two groups that may cause preload changes
(p:l,g)._'l.‘._':‘._'f\

We hypothesized that afterload changes
might be the cause of right ventricular
function reduction, but we didn't find
any significant  difference  between
two groups afterload which measured
using pulmonary vascular resistance/
PVR (p=0.23) and sPAP (p=0.95) by
echocardiography; and no significant
differences on postoperative pulmonary
complications in both groups (p=0.665)
that may increase right ventricle afterload
due to prolonged mechanical ventilators
and acute respiratory distress syndromes.
Parati et al. stated that breathing exercise
reduced sPAP significantly in patients

with chronic heart failure.'® In this study,
we found no increasing afterload because
PVR and sPAP were reduced after cardiac
surgery in both groups. This also explained
why the patients were in excellent
clinical conditions despite reduced right
ventricular function.”

Right ventricle contractility —may
reduce after cardiopulmonary bypass
which caused myocardial and systemic
inflammations. Patients with heart failure
with inspiratory muscle Weakness has
role in increasing pro-inflammatory
factors and raising calpain activities which
known resulted in decreasing myocardial
contractility. Patients in intervention
group may have better inspiratory muscle
strength than patients in the control group.
Although we didn’t measure respiratory
muscle strength using micro RPM, there
was significant load progression (13% load
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Figure 2. RV free wall strain (A), RV FAC (B), and TAPSE (C) changes in intervention
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and control group before cardiac rehabilitation and after cardiac surgery.

progression, p=0.000) after inspiratory
muscle training in the intervention group.
Strengthening the inspiratory muscle may
reduce the risk of decreasing myocardial
contractility due to inflammation after
cardiac surgery."'**" Donauer et al. stated
that the RV lateral and inferior wall’s
longitudinal contraction, the RV outflow
tract, and the interventricular septum
are impaired at the end of surgery. An
increase in circumferential contraction
compensates this impairment without
changes in RV ejection fraction (RVEF).*
We didn't perform RVEF examination but
RV FAC represents right ventricle global
function and has a good correlation with
RVEF. It may explain that RV FAC didn't
reduce to abnormal values in this study.""*
This also explains TAPSE reduction
below normal cut-off wvalue in both
groups because TAPSE only represents
longitudinal not global right ventricular
function.**

We found lower RV free wall strain
reduction in intervention and control
group (12% vs. 30%). Singh et al. stated
that RV free wall strain reduction >20%
might cause clinical implications.” Other
clinical implications as Shukla et al. stated,
RV free wall strain < -16.2% is the cut-off
that increases mortality risk in pulmonary
hypertension with multiple etiologies
(OR=3.67; C1 95% 2.82 - 4.77; p<0.001).*"
We found that mean RV free wall strain
in intervention group was higher than
the cut-off point (-17.7 + 3.0%) and the
control group means were below cut off
point (-14.4 + 4.0%). The ICU length of
stay (LOS) was significantly shorter in
patients in intervention vs control group
(3.2 £ 0.8 vs 42 + 1.3 days; p=0.044).
Katsura et al. stated that inspiratory
muscle training reducing hospital LOS
(p=0.03)."" Bootsma et al study showed
that low RVEF (20 - 30%) was associated
the increasing risk for longer ICU LOS
(OR 3.25; p<0.001)."

STUDY LIMITATIONS

The authors didn't perform invasive
hemodynamic measurements to get PVR
and sPAP values. We didn't perform the
inspiratory muscle strength using standard
micro RPM and small sample size in our
study. The inflammatory biomarkers
weren't measured in this study, and they
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may have roles in myocardial contractility
differences between two groups in this
study.

CONCLUSION
Patients underwent conventional
preoperative rehabilitation added

inspiratory muscle training had better
right ventricular systolic function than
patients in control group.

ETHICAL APPROVAL

This research has ethical approval from
Health Research Ethics Committee RSUP
Dr. Kariadi Semarang No. 309/EC/KEPK-
RSDK/2019.

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

FUNDING

No specific funding was provided for this
article.

AUTHOR CONTRIBUTIONS

Hari Hendriarti Satoto had full access
to all of the data in the study and took
responsibility for the integrity of the data
and the data analysis accuracy.

Study concept and design: all authors.
Acquisition, analysis, or interpretation of
data: all authors.
Drafting of the
Hendriarti Satoto.
Critical revision of the manuscript for
important intellectual content: all authors.
Statistical analysis: Hari Hendriarti Satoto,
Suhartono.

Administrative, technical, or material
support: Hari Hendriarti Satoto, Aditya
Pramitha, Sri Hastuti Barata.

Study supervision: Sugiri, Suhartono, Sri
Wahyudati, Sefri Noventi Sofia.

manuscript:  Hari

ACKNOWLEDGMENTS

This work was supported by Department of
Cardiology and Vascular Medicine, Faculty
of Medicine, Diponegoro University and
Dr. Kariadi General Hospital Semarang,
Central Java, Indonesia.

REFERENCES

1

10.

Falk V, Baumgartner H, Bax JJ, De Bonis
M, Hamm C, Holm PJ, et al. 2017 ESC/
EACTS Guidelines for the management
of valvular heart disease. European Heart
Journal. 2017;38(36):2739-2791, https://
doiorg/10.1093/eurheartj/ehx391.

Osorio RC, Solano de Freitas Souza F
Novaes de Andrade M, Cimara de Freitas
B, Duraes AR. Valvular Heart Diseases-
Epidemiology and New Treatment
Modalities. Interv Cardiol J. 2016;2:1-11.
Bootsma IT, de Lange E Koopmans M,
Haenen |, Boonstra PW, Symersky T, et al.
Right Ventricular Function After Cardiac
Surgery Is a Strong Independent Predictor
for Long-Term Mortality. | Cardiothorac
Vasc Anesth. 2017;31:1656-1662.
Mandoli GE, Cameli M, Novo G, Agricola
E, Righini FM, Santoro C, DAscenzi F,
Ancona E Sorrentino R, DAndrea A,
Galderisi M, Mondillo S; Working Group
of Echocardiography of the Italian Society
of Cardiology. Right ventricular function
after cardiac surgery: the diagnostic and
prognostic role of echocardiography.
Heart Fail Rev. 2019;24(5):625-635. doi:
10.1007/s10741-019-09785-2.

Haddad F Denault AY, Couture P,
Cartier R. Right Ventricular Myocardial
Performance Index Predicts Perioperative
Mortality or Circulatory Failure in
High-Risk Valvular Surgery. ] Am Soc
Echocardiogr. 2007;20:1065-1072.
Haddad F, Couture P, Tousignant C,
Denault AY. The right ventricle in cardiac
surgery, a perioperative perspective: IL
Pathophysiology, clinical importance,
and management. Anesth  Analg.
2009;108(2):422-33. doi: 10.1213/
ane.0b013e31818d8b92. PMID: 19151265.
Vlahakes GJ. Right Ventricular Failure
After Cardiac Surgery. Cardiol Clin.
2012;30:283-289.

Marmelo F, Rocha V, Moreira-Gongalves
D. The impact of prehabilitation on
post-surgical complications in patients
undergoing non-urgent cardiovascular
surgical intervention: Systematic
review and meta-analysis. Eur | Prev

Cardiol. 2018;25(4):404-417. doi:
10.1177/2047487317752373.

Kelley R, Ferreira L. Diaphragm
abnormalities in heart failure and
aging: mechanisms and integration
of cardiovascular and  respiratory
pathophysiology.  Hear  Fail  Rew.

2017;20:48-55.
Dallago P, Chiappa G, Guths H, Stein R,
Ribeiro ]. Inspiratory Muscle Training

in Patients With Heart Failure and

1L

12.

13.

14.

15.

16.

17.

18.

19.

Inspiratory Muscle Weakness. ] Am Coll
Cardiol. 2006;47:757-763.

Cahalin LP, Arena R, Guazzi M, Myers ],
Cipriano G, Chiappa G et al. Inspiratory
muscle training in heart disease and
heart failure: A review of the literature
with a focus on method of training and
outcomes. Expert Rev Cardiovasc Ther
2013;11:161-177.

Letavernier E, Zafrani L. The role of
calpains in myocardial remodeling and
heart failure. Cardiovasc Res. 2012:1:38—
45,

Wang Y, Chen B, Huang CK, Guo A, Wu
], Zhang X, Chen R, Chen C, Kutschke
W, Weiss RM, Boudreau RL, Margulies
KB, Hong ], Song LS. Targeting Calpain
for Heart Failure Therapy: Implications
From Multiple Murine Models. JACC
Basic Transl Sci. 2018;3(4):503-517. doi:
10.1016/j.jacbts.2018.05.004.

Hulzebos EHJ, Helders PJM, Favie NJ,
Bie RA De, Brutel de la Riviére A, Van
Meeteren NLU. Muscle Training to Prevent
Postoperative Pulmonary Complications
in High-Risk. JAMA ] Am Med Assoc.
2006;296:1851-1857.

Katsura M, Kuriyama A, Takeshima T,
Fukuhara S, Furukawa TA. Preoperative
inspiratory muscle training for
postoperative pulmonary complications
in adults undergoing cardiac and major
abdominal surgery. Cochrane Database
Syst Rev. 2015;(10):CD010356. doi:
10.1002/14651858.CD010356.pub2.
Parati G, Malfatto G, Boarin S, Branzi
G, Caldara G, Giglio A, Bilo G, Ongaro
G, Alter A, Gavish B, Mancia G. Device-
guided paced breathinginthe homesetting:
effects on exercise capacity, pulmonary
and ventricular function in patients with
chronic heart failure: a pilot study. Circ
Heart Fail. 2008;1(3):178-83. doi: 10.1161/
CIRCHEARTFAILURE.108.772640.
Todd JS, Shurley JP, Todd TC. Thomas L.
DeLorme and the science of progressive
resistance exercise. | Strength Cond
Res. 2012;26(11):2913-23. doi: 10.1519/
JSC.0b013e31825adcb4.

Marco E, Ramirez-Sarmiento AL, Coloma
A, Sartor M, Comin-Colet J, Vila J,
Enjuanes C, Bruguera J, Escalada F, Gea |,
Orozco-Levi M. High-intensity vs. sham
inspiratory muscle training in patients
with chronic heart failure: a prospective
randomized trial. Eur | Heart Fail
2013;15(8):892-901. doi: 10.1093/eurjhf/
hft035.

Rudski LG, Lai WW, Afilalo J, Hua L,
Handschumacher MD, Chandrasekaran
K, Solomon SD, Louie EK, Schiller NB.

Published by Bali Medical Journal | Bali Medical Journal 2021; 10(1): 340-346 | doi: 10.15562/bmj.v10i1.2182

345




ORIGINAL ARTICLE

Guidelines for the echocardiographic
assessment of the right heart in
adults: a report from the American
Society of Echocardiography endorsed

by the FEuropean Association of

for the assessment of valvular
regurgitation. Part 2: mitral and tricuspid
regurgitation (native valve disease). Eur
] Echocardiogr. 2010;11(4):307-32. doi:
10.1093/ejechocard/jeq031.

28.

D, et al. Inmune response to inspiratory
muscle training in patients with chronic
heart failure. Fur ] Cardiovasc Prev
Rehabil. 2007;14:679-685.

Donaver M, Schneider ], Jander N,

Echocardiography, a registered branch of 23. Singh A, Huang X, Dai L, Wyler D, Alfirevic Beyersdorf E Keyl C. Perioperative
the European Society of Cardiology, and A, Blackstone EH, Pettersson GB, Duncan Changes of Right Ventricular Function
the Canadian Society of Echocardiography. AE. Right ventricular function is reduced in Cardiac Surgical Patients Assessed
] Am Soc Echocardiogr. 2010;23(7):685- during cardiac surgery independent of by Mpyocardial Deformation Analysis
713; quiz 786-8. doi: 10.1016/). procedural characteristics, reoperative and 3-Dimensional Echocardiography.
echo.2010.05.010. status, or pericardiotomy. ] Thorac ] Cardiothorac Vasc Anesth.
20. Tamborini G, Muratori M, Brusoni Cardiovasc Surg. 2020;159(4):1430-1438. 2020;34(3):708-718. doi: 10.1053/j.
D, Celeste F, Maffessanti F,  Caiani edidoi: 10.1016/j.jtcvs.2019.04.035. jvca.2019.08.026.
EG, Alamanni F Pepi M. Is right 24. Jadhav T, Kareem H, Nayak K, Pai U, 29. Felix S, Paula A, Siciliano V, Herman
ventricular systolic function reduced Devasia TOM, Padmakumar R. A study L, Belém ], Schwartz FE et al
after cardiac surgery? A two- and three- of right ventricular function in pre- and Echocardiographic Assessment of Right
dimensional echocardiographic  study. post-valvular surgeries. Interv Med Appl Ventricular Function by Two-Dimensional
Eur | Echocardiogr. 2009;10(5):630-4. doi: Sci2018; 10: 137-144. Strain In Patients with Left-Sided Valvular
10.1093/ejechocard/jep015. 25. Haddad E Hunt SA, Rosenthal Heart Disease : Comparison with Three-
21. Magne ], Pibarot B, Sengupta PP, Donal DN, Murphy DJ. Right ventricular Dimensional Echocardiography. Int |
E, Rosenhek R, Lancellotti P Pulmonary function in cardiovascular disease, Cardiovasc Sci. 2018;31:630-642.
hypertension in valvular disease: a part LI Anatomy, physiology, 30. Shukla M, Park J-H, Thomas JD, Delgado
comprehensive review on pathophysiology aging, and functional assessment V, Bax J], Kane GC, et al. Prognostic
to therapy from the HAVEC Group. JACC of the right ventrice. Circulation. Value of Right Ventricular Strain Using
Cardiovasc Imaging. 2015;8(1):83-99. doi: 2008117(11):1436-48.  doi:  10.1161/ Speckle-Tracking Echocardiography in
10.1016/j.jemg.2014.12.003. CIRCULATIONAHA.107.653576. Pulmonary Hypertension: A Systematic
22. Lancellotti P, Moura L, Pierard LA, 26. Itagaki S, Hosseinian L, Varghese R. Right Review and Meta-Analysis. Can ] Cardiol.
Agricola E, Popescu BA, Tribouilloy Ventricular Failure After Cardiac Surgery: 2018;34:1069-1078.
C, Hagendorff A, Monin JL, Badano L, Management Strategies. Semin Thorac
Zamorano JL; European Association of Cardiovasc Surg. 2012;24:188-194.
Echocardiography. European Association 27. Laoutaris ID, Dritsas A, Brown MD,
of Echocardiography recommendations Manginas A, Kallistratos MS, Degiannis hiswerks s under  Cretie Comons At bation
346 Published by Bali Medical Journal | Bali Medical Journal 2021; 10(1): 340-346 | doi: 10.15562/bmj.v10i1.2182




Effect of preoperative inspiratory muscle training on right
ventricular systolic function in patients after heart valve

replacement surgery

ORIGINALITY REPORT

16 126 114 9

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Submitted to Medizinischen Universitat Wien
Student Paper

2%

www.cardiovascularultrasound.com

Internet Source

T

Claudia Loardi, Marco Zanobini. "Letter by
Loardi and Zanobini Regarding Article,
“Echocardiographic Results of Transcatheter
Versus Surgical Aortic Valve Replacement in
Low-Risk Patients: The PARTNER 3 Trial™",
Circulation, 2020

Publication

T

Wen-Jun Tu. "Is the world of stroke research
entering the Chinese era?", Frontiers in
Neurology, 2023

Publication

T

o

Submitted to Monash University

Student Paper

T

encyclopedia.pub

Internet Source

T



Submitted to Mississippi State Board for ’I y
0

Community & Junior Colleges
Student Paper

Submitted to University of Bristol ’I y
0

Student Paper

"2018 ASE 29th Annual Scientific Sessions", 1 y
Journal of the American Society of ’
Echocardiography, 2018

Publication

Andreé La Gerche, Leah Wright. "Pulmonary 1 o
Hypertension", Elsevier BV, 2019 °
Publication
WWW.energosovet.ru

Internet Source g 1 %

oungpioneers.manipal.edu

I):ternet g)E)rce p 1 %
www.chestnet.or

Internet Source g <1 %

B

Antonio Loforte, Francesco Grigioni, Giuseppe <1 y
Marinelli. "The risk of right ventricular failure ’
with current continuous-flow left ventricular

assist devices", Expert Review of Medical

Devices, 2017

Publication

downloads.hindawi.com <1y

Internet Source




ir.ymlib.yonsei.ac.kr

Inte>r/net Sourc>e/ <1 %
assets.researchsquare.com

Internet Source q <1 %
e-sciencecentral.or

Internet Source g <1 %
eprints.lib.hokudai.ac.j

IntFe)rnet Source Jp <1 %
sciendo.com

Internet Source <1 %
datospdf.com

Internet S(F))urce <1 %

Choudhury, A.. "Platelet Surface CD62P and <1 o
CD63, Mean Platelet Volume, and 0
Soluble/Platelet P-Selectin as Indexes of
Platelet Function in Atrial Fibrillation", Journal
of the American College of Cardiology,
20070515
Publication
hglo.biomedcentral.com

Int?rnet Source <1 %
WWW.coursehero.com

Internet Source <1 %
bura.brunel.ac.uk

Internet Source <1 %




WWW.Samhsa.gov

Internet Source g <1 %
Submitted to Indiana State Universit

Student Paper y <1 %
R. H Boks. "Low molecular starch versus

28 , , . <l%
gelatin plasma expander during CPB: does it
make a difference?", Perfusion, 09/01/2007
Publication
bmcpulmmed.biomedcentral.com

InternetpSource <1 %
docksci.com

Internet Source <1 %
ses.library.usyd.edu.au

Internet Sourcey y <1 %
WWW.medrxiv.or

Internet Source g <1 %

Teuku Muhammad Haykal Putra, Renan <1 o

Sukmawan, Dwita Rian Desandri, Celly A.
Atmadikoesoemah, Elen Elen, Manoefris
Kasim. "Left Ventricular Dimension after
Mitral Valve Surgery in Rheumatic Mitral
Stenosis: the Impact of Myocardial Fibrosis",

The Journal of Tehran University Heart Center,

2020

Publication




G luliano, A Silverio, M Bellino, L Esposito, F Di <1 o
Feo, M Cristiano, | Radano, G Provenza, G ’
Galasso, C Baldi, R Citro. "Negative prognostic

impact of right ventricular free wall strain in

patients with functional mitral regurgitation
undergoing transcatheter edge-to-edge

repair", European Heart Journal -

Cardiovascular Imaging, 2022

Publication

Huez, S.. "Tissue Doppler Imaging Evaluation <1 o
of Cardiac Adaptation to Severe Pulmonary °
Hypertension", The American Journal of

Cardiology, 20071101

Publication

Weiner, R. B., A. L. Baggish, A. Chen-Tournoux, <1 o
J. E. Marshall, H. K. Gaggin, A. Bhardwaj, A. A. ’
Mohammed, S. U. Rehman, L. Barajas, J.

Barajas, S. A. Gregory, S. A. Moore, M. |.

Semigran, and J. L. Januzzi. "Improvement in

structural and functional echocardiographic
parameters during chronic heart failure

therapy guided by natriuretic peptides:

mechanistic insights from the ProBNP

Outpatient Tailored Chronic Heart Failure

(PROTECT) study", European Journal of Heart

Failure, 2013.

Publication




Exclude quotes Off Exclude matches Off
Exclude bibliography Off



Effect of preoperative inspiratory muscle training on right
ventricular systolic function in patients after heart valve
replacement surgery

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/O Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7




