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PREVALENCE OF RIGHT VENTRICULAR
DYSFUNCTION IN PATIENTS WITH CORONARY
ARTERY DISEASE
DAD MUHAMMAD JAN BALOCH1, SYED ZAHED RASHEED2, SYED ASADULLAH HUSSAINI3, IZHAR
AHMED RAJPUT4, SAEED AHMED5, ASIF KHAN6, QURAT UL AIN QUTBI
ABSTRACT
Background: Right Ventricular (RV) dysfunction
has been associated with increased morbidity and
mortality in patients with cardiovascular diseases.
Recent advances in diagnostic techniques have made
it possible to assess RV function both qualitatively
and quantitatively. The assessment of right
ventricular (RV) structure and function by
echocardiography has been improved by
advancements that include Doppler tissue imaging,
strain imaging, and three-dimensional imaging.
Doppler tissue imaging and strain imaging can be
useful for the assessment of regional RV systolic and
diastolic function.
Objective: We have conducted this study to assess
the prevalence of RV dysfunction in patients with
Coronary artery diseases in our population.
Methods: this was a prospective study conducted at
Department of Echocardiography of KIHD. All
patients with documented CAD were included. RV
assessment was made on echocardiography by
visual assessment of RV size and function; RV area
measurement in four chamber view and RV length
in parasternal long axis view; measurement of
Tricuspid annular plane systolic excursion (TAPSE)
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and Tissue Doppler imaging. RV dysfunction was
defined as a RV ejection fraction of less than 35%.
Results: 430 consecutive patients fulfilling the
inclusion criteria were included in the final analysis.
There were 283 (65.81%) male patients and 147
(34.18%) female patients. The mean age of the
patients was 53.46 + 12.54 years (range 34-76 years).
The mean RV ejection fraction was 43.83 + 10.94%
(range 21 – 55). In male patients the mean RV
ejection fraction was 44.61 + 9.32% as compared to
42.32 + 11.14% in female patients (p=0.412). A total
of 99 (23.02%) patients had RV dysfunction. In male
patients RV dysfunction was found in 54 (19.08%)
as compared to 45 (30.61) in female patients
(p=0.002). This difference is significant statistically.
Conclusion: RV dysfunction is a common finding in
patients with CAD. It is more common in female
patients.
Key words: right ventricle, coronary artery disease,
RV dysfunction, echocardiography.
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INTRODUCTION
Coronary artery disease (CAD) is the
commonest cause of morbidity and mortality
around the world1,2. The primary function of Right
Ventricle (RV) is to receive systemic blood and to
pump it to the pulmonary circulation for
oxygenation. RV dysfunction has been associated
with increased morbidity and mortality in patients
with CAD, congenital heart disease, valvular heart
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disease, pulmonary hypertension and heart failure36
. In recent years, many studies have demonstrated
the prognostic value of RV function in CAD7.
RV failure is a complex clinical syndrome that
can result from any structural of functional
cardiovascular disorder that impairs the ability of
RV to fill or eject the blood. The cardinal clinical
manifestations of RV failure are i) fluid retention
which may lead to ascitis, edema or anasarca, ii)
decreased systolic reserve or low cardiac output,
which may lead to exercise intolerance or fatigue,
and iii) atrial or ventricular arrhythmias.
RV Dysfunction Assessment:
Echocardiography is the most suitable
technique for assessment of RV size and function.
For quantitative assessment the RV size should be
compared to the left ventricle (LV) size. The
normal RV size is approximately two thirds the
size of LV in apical four chamber and parasternal
long axis views. If RV appears larger than LV and
/or shares the apex, then it is dilated. In short axis
views, RV should be smaller than LV. RV function
is assessed by measuring the RV area in four
chamber view and length in parasternal long axis
view8-11.
Another quantitative method to assess RV
function is the measurement of tricuspid annular
plane systolic excursion (TAPSE). The TAPSE
estimates RV systolic function by measuring the
level of systolic excursion of the lateral tricuspid
valve annulus towards apex in the four chamber
view. 5mm ~20% RV ejection fraction, 10mm ~
30% RV ejection fraction, 15mm ~ 40% RV
ejection fraction and 20mm ~ 50% RV ejection
fraction12.

Index = IVCT + IVRT
RVET
IVCT = Isovolumic Contraction Time
IVRT = Isovolumic Relaxation Time
RVET = RV Ejection Time
This method of RV function estimation is not
affected by heart rate, loading conditions or the
presence and severity of tricuspid regurgitation13.
Tissue Doppler imaging (TDI) can also be
used for quantitative assessment of RV systolic
and diastolic function by means of measurement of
myocardial velocities. Peak systolic velocity less
than 11.5 cm/second identifies the presence of RV
dysfunction with a sensitivity and specificity of
90% and 85% respectively15,16.
There are some other methods also for
assessment of RV function including real-time tree
dimensional echocardiography, strain rate
imaging, radionuclide studies, pressure volume
–loop by invasive studies and MRI etc. MRI is the
most accurate method for quantitative assessment
of RV size and function17.
In this study we have planned to find out the
prevalence of RV dysfunction in patients with
documented CAD in our population.

METHODS
This was a prospective study in which
consecutive patients fulfilling the inclusion criteria
were included. The study was carried out at the
Department of Echocardiography of Karachi
Institute of Heart Diseases from October 1, 2013
to March 31, 2014.
The inclusion criteria were:

The Doppler index of myocardial performance
(Tei index or myocardial performance index) is
also used to determine RV function13. It is
calculated by the following formula:

•

•

All patients with documented CAD on
echocardiography i.e. segmental wall motion
abnormalities
Any age and gender
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Patients with valvular heart disease, congenital
heart disease, pulmonary artery hypertension (both
primary and secondary) and pulmonary diseases
were excluded from the study.
These patients were carefully examined by
echocardiography using Toshiba Xario system by
experienced technicians and then reviewed by a
consultant cardiologist. The seventeen segment
module was used for assessment of wall motion
abnormalities as recommended by the American
Society of Echocardiography.
RV function assessment was made
echocardiographically by using following
techniques:
a) Visual assessment of RV size and function
b) RV area measurement in four chamber view
and RV length in parasternal long axis view.
c) Measurement of Tricuspid annular plane
systolic excursion (TAPSE) and RV function
was determined as follow:
if TAPSE is 5mm then RV function is ~
20%,
if TAPSE is 10mm then RV function is ~
30%,
if TAPSE is 15mm then RV function is ~
40%,
if TAPSE is 20mm then RV function is ~
50%.
d) Tissue Doppler imaging (TDI was used to
measure the myocardial velocities. Peak
systolic velocity of less than 11.5CM/second
was taken as RV dysfunction.
RV dysfunction was defined as a RV ejection
fraction of less than 35%, which corresponds to
the mean-three standard deviations of the
controls18.
Statistical analysis:
The data was analyzed by using SPSS-16
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(Statistical Package for Social Sciences version
16). The data were expressed as mean + standard
deviation for normally distributed numeric
variable and percentages were used for categorical
variables. Chi-square test was used to compare
categorical variable and student’s t-test was used
to compare two groups. A p-value of less than 0.05
was considered statistically significant.

RESULTS
A total of 430 consecutive patients fulfilling
the inclusion criteria were included in the final
analysis. There were 283 (65.81%) male patients
and 147 (34.18%) female patients in this study.
The mean age of the patients was 53.46 ± 12.54
years (range 34-76 years). The mean age of male
patients was 55.14 ± 10.36 and of female patients
was 50.23 ± 12.38 years (Table 1).
The mean RV ejection fraction was 43.83 ±
10.94% (range 21 – 55) (Table 2). In male patients
the mean RV ejection fraction was 44.61 ± 9.32%
as compared to 42.32 ± 11.14% in female patients
(p=0.412).
The mean LV ejection fraction was 44.05 ±
14.64%. In male patients if was 46.72% and in
female patients it was 41.84%.
Table 3 shows the number of patients with RV
dysfunction. A total of 99 (23.02%) patients had
RV dysfunction diagnosed by ejection fraction and
confirmed by other methods. In male patients RV
dysfunction was found in 54 (19.08%) as
compared to 45 (30.61) in female patients
(p=0.002). This difference is significant
statistically.

DISCUSSION
The right ventricle (RV) having a very
complex structural geometry is often overlooked
and hence its importance in contributing to the
overall cardiac function often undermined. RV
function has been shown to be a sensitive predictor
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of exercise tolerance and is also a major
determinant of clinical symptoms in chronic heart
failure as well as peri-operative and post-operative
survival outcome19,20. RV function may be impaired
either by primary right sided heart disease, or
secondary to left sided cardiomyopathy or valvular
heart disease. For instance, pressure or volume
overload from an incompetent valve or muscle
pathology can affect the RV function. Coronary
artery disease may also lead to RV dysfunction
when the right coronary artery is occluded.
Moreover, in congenital malformation of the heart,
the RV may also be affected, particularly when it
becomes the main pumping chamber supporting
the systemic circulation, e.g. congenitally
corrected transposition of the great arteries or
univentricular repair at surgery21. Lastly, right to
left shunting may have perpetual effect on the RV
in the form of dilation and impairment through
volume overload as in the case with atrial and
ventricular septal defects21,22. Based on the above,
it is clear that understanding the anatomy as well
as normal and abnormal physiology of the right
heart is of significant importance.
Similar to the left ventricle, maintaining the
coronary flow to the RV myocardium is crucial,
particularly when RV systolic pressure is raised.
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For instance, in pulmonary hypertension, where
RCA pressure may be increased or remained
unchanged, there is an increase in oxygen demand
by the myocardium. Since RV perfusion occurs
during both diastole and systole, the systolic
component is reduced as a result of the raised
chamber pressures23,24. Acute RCA occlusion
proximal to the RV branch often results in RV free
wall dysfunction and in multivessel coronary
artery disease there is significant ischemic long
axis dysfunction with stress which seems to affect
the cardiac output25. The long lasting ischemic
right ventricle becomes stiff, dilated and volume
dependent which contributes to RV dysfunction.
Patients with RV infarction commonly respond
positively to volume treatment and early
reperfusion enhances recovery of right ventricular
performance and improves clinical outcome and
survival26. We have conducted this study to find
out the prevalence of patients with RV dysfunction
in patients with CAD in our population. RV
function and regional wall motion can be
determined with right ventricular angiography,
radionuclide ventriculography, two-dimensional
echocardiography or MRI with their own
respective limitation. Due to the complex anatomy
of the RV, assessment of its function can be
problematic. The right ventricle is a crescent
shaped three dimensional cavity and its transverse
axis is wrapped around the LV27.
We have conducted this study to see the
prevalence of RV dysfunction in patients with
CAD in our population. So far no data is available
in this regard. We have used echocardiography for
RV function assessment as this modality is widely
available and the results are reproducible. Details
have been described in the methods. However,
some newer techniques like 2D speckle tracking,
strain SI, and three dimensional and four
dimensional imaging of RV function analysis were
not done as these techniques are not available in
our laboratory.
Our data shows that the prevalence of RV
dysfunction in patients with CAD is 23.02% in our
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population. This data is comparable to the data
reported in the western population28. La Vecchia
L, et al have reported RV dysfunction was present
in 18% of their patients with a previous history of
myocardial infarction29. Our study also shows that
RV dysfunction is more common in female
patients as compared to male patients (19.08% vs
30.61%). This difference was significant
statistically (p=0.002).
More studies with large sample size should be
conducted using newer techniques of RV function
assessment to validate these results.

CONCLUSION
We have concluded that RV dysfunction is a
common finding in patients with CAD. Our study
shows that RV dysfunction is as common in our
population as reported in the western population.
Our study also shows that it is more common in
female patients as compared to male patients. We
recommend that RV function should be assessed in
all patients with CAD. Further large scale studies
are required to validate our data.

ACKNOWLEDGEMENTS
We gratefully acknowledge the co-operation
of all the staff of echo lab. especially the senior
technicians Mrs. Shireen and Mrs. Moona.

REFERENCES
1. U.S. Department of health and human
services. Vital and health statistics series 10,
number 260. National Institute of Health,
National heart, lung and blood institute.
2012.
2. Earl S, Ford MD. Trends in mortality from
all causes and cardiovascular diseases among
hypertensive adults in the United States.
Circulation online publication, 2011.

63
3. Matthews JC, Dardas TF, DorschMP,
Aaronson KD. Right-sided heart failure:
diagnosis and treatment strategies. Curr
Treat Options Cardiovasc Med 2008;10:32941.
4. Mehta SR, Eikelboom JW, Natarajan MK,
Diaz R, Yi C, Gibbons RJ, Yusuf S. Impact of
right ventricular involvement on mortality
and morbidity in patients with inferior
myocardial infarction. J Am Coll Cardiol.
2001;37:37– 43.
5. Voelkel NF, Quaife RA, Leinwand LA, Barst
RJ, McGoon MD, Meldrum DR, Dupuis J,
Long CS, Rubin LJ, Smart FW, Suzuki YJ,
Gladwin M, Denholm EM, Gail DB. Right
ventricular function and failure: report of a
National Heart, Lung, and Blood Institute
Working Group on Cellular and Molecular
Mechanisms of Right Heart Failure.
Circulation. 2006; 114:1883–1891.
6. Davlouros PA, Niwa K, Webb G, Gatzoulis
MA. The right ventricle in congenital heart
disease. Heart. 2006;92(suppl 1):i27–i38.
7. Haddad F, Doyle R, Murphy D J,Hunt SA.
Right ventricular function in cardiovascular
Disease, Part II: Pathophysiology, clinical
importance, and management of right
ventricular
failure.
Circulation.
2008;117:1717-1731
8. Helbing WA, Bosch HG, Maliepaard C, et al.
Comparison of echocardiographic methods
with magnetic resonance imaging for
assessment of right ventricular function in
children. Am J Cardiol 1995;76:589–94.
9. Denslow S, Wiles HB. Right ventricular
volumes revisited: a simple model and

64

PJC Vol 25, No. 1 & 2
January — June 2014
simple formula for echocardiographic
determination. J Am Soc Echocardiogr
1998;11:864–73.

10. Levine RA, Gibson TC, Aretz T, et al.
Echocardiographic measurement of right
ventricular
volume.
Circulation
1984;69:497–505.
11. Kovalova S, Necas J, Cerbak R, et al.
Echocardiographic volumetry of the right
ventricle.
Eur
J
Echocardiography
2005;6:15–23.
12. Kaul S, Tei C, Hopkins JM, et al. Assessment
of right ventricular function using twodimensional echocardiography. Am Heart J
1984;107:526–31.
13. Eidem BW, Tei C, O’ Leary PW, et al.
Nongeometric quantitative assessment of
right and left ventricular function:
myocardial performance index in normal and
patients with Ebstein anomaly. J Am Soc
Echocardiogr 1998;11:849–56.

17. Bleeker GB, Steendijk P, Holman ER, Yu CM, Breithardt OA, Kaandorp TAM, Schalij
M J, Van der Wall EE, Nihoyannopoulos P,
Bax J J. Assessing right Ventricular function:
the role of echocardiography and
complementary
technologies.
Heart
2006;92(Suppl I):i19–i26.
18. Horton KD, Meece RW, and Hill C.
Assessment of the Right Ventricle by
Echocardiography: A Primer for Cardiac
Sonographers. J Am Soc Echocardiogr
2009;22:776-792.
19. Baker BJ, Wilen MM, Boyed CM, Dinh H,
Francisa A. Relation of right ventricular
eection fraction to exercise capacity in
patiets with chronic left ventricular failure.
Am J Cardiol 1984; 54:596-9.
20. Enger R, Ray R, Higgins CB. Clinical
assessment and followup of functional
capacity in patients with congestive
cardiomyopathy.
Am
J
Cardiol
1982;49:1832-7.

14. Tei C, Dujardin KS, Hodge DO, et al.
Doppler echocardiographic index for
assessment of global ventricular function. J
Am Soc Echocardiogr 1996;9:838–47.

21. HO SY, Nihoyannopoulos P. Anatomy,
echocardiography and normal right
ventricular dimensions. Heart 2006;
92(Suppl.I):i2-i3.

15. Meluzin J, Spinarova L, Bakala J, et al.
Pulsed Doppler tissue imaging of the
velocity of tricuspid annular systolic motion.
Eur Heart J 2001;22:340–8.

22. Bleeker B, Steendik P, Holman ER, Yu CM,
et al. Acquied right ventricular dysfunction.
Heart 2006; 92: 14-18.

16. Alam M, Wardell J, Andersson E, et al. Right
ventricular function in patients with first
inferior myocardial infarction: assessment by
tricuspid annular motion and tricuspid
annular
velocity.
Am
Heart
J
2000;139:710–5.

23. Ribeiro A, Lindmarker P, Johnson H, et al.
Pulmonary embolism: a followup study of
the relation between the degree of right
ventricle overload and the extent of
perfusion defects. J Internal Med
1999;245:601-10.

PJC Vol 25, No. 1 & 2
January — June 2014

65

24. Gomez A, Bialostozky D, ZaJarias A, Santos
E, Palomer A, et al. Right ventricular
ischemia in patients with primary pulmonary
hypertension. J Am Coll Cardiol 2001;
38:1137-42.

28. Rallidis LS, Makavos G, Nihayannopoulus P.
Right ventricular involvement in coronary
artery disease: role of echo in diagnosis and
prognosis.
J Am Soc Echocardiogr.
Published online: Jan 13, 2014.

25. O’Sullivan CA, Duncan A, Daly C, et al.
Dobutamine stress induced ischemic right
ventricular dysfunction and its relation
cardiac output in patients with three vessel
coronary artery disease with angina like
symptoms. Am J Cardiol 2005;96:622-7.

29. La Vecchia L, Luca Spadaro G, Paccanaro M,
Favero L, Zanolla L, Vincenzi P, Martini M,
Fontanelli A. Predictors of right ventricular
dysfunction in patients with coronary artery
disease and reduced left ventricular ejection
fraction. Coron Artery Dis. 2002
Sep;13(6):319-22.

26. Goldstein JA. Right heart ischemia:
pathophsiology, natural history and clinical
management. Prog Cardiovasc Dis
1998;40:325-41.
27. Dell’Italia L. The right ventricle: anatomy,
physiology and clinical importance. Curr
Probl Cardiol 1991; 16: 653-720.

