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Background: Increased right atrial pressure due to pulmonary hypertension may impair
venous drainage with resultant coronary sinus dilatation. The aim of this study was to
search for correlations between coronary sinus diameter and estimated pulmonary artery
pressure in children.
Methods: In a prospective study, 100 children who were referred consecutively for
transthoracic echocardiography were included in this study. Ratios of coronary sinus
diameter to weight, body surface area and aortic annulus were calculated for in each
patient. Correlation between coronary sinus diameter and estimated pulmonary artery
pressure was studied by person correlation. A tricuspid regurgitation peak gradient more
than 36 mmHg or pulmonary regurgitation peak gradient more than 25 mmHg were
considered as pulmonary hypertension.
Results: Sixty-eight of our participants had no pulmonary hypertension and 32 did. Mean
age was 7.6 years in the patients without pulmonary hypertension and 8.0 years in the
patients with pulmonary hypertension (P=0.11). Mean coronary sinus diameter to aortic
annulus diameter ratio was 0.49 ± 0.13 in the patient with pulmonary hypertension versus
0.38 ± 0.12 in the patient without pulmonary hypertension (P<0.001). The coronary
sinus diameter to body surface area ratio was 1.3 ± 0.59 versus 0.7 ± 0.28 (P<0.001), and
coronary sinus diameter to weight ratio was 0.06 ± 0.03 versus 0.02 ± 0.01 (P<0.001).
Conclusion: coronary sinus dilation was documented in pediatric patients with pulmonary
hypertension. The ratios of coronary sinus diameter to aortic annulus diameter, body
surface area and weight correlated significantly with pulmonary hypertension.
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Introduction
Pulmonary hypertension is characterized by an elevation
in mean pulmonary artery pressure greater than 25 mmHg
at rest or greater than 30 mmHg with exercise (1). Multiple
etiologies are implicated in pulmonary hypertension in
children (2).
Noninvasive detection of pulmonary hypertension by a
reliable, simple method can usually be done by estimating
pulmonary artery systolic pressure with Doppler
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echocardiography, whereas increased pulmonary artery
pressure is usually accompanied by changes in right atrial
pressure and inferior vena cava collapse (3, 4). Some
reports have noted differences between right atrial pressure
(estimated either as the size of the right atrium or degree
of inferior vena cava collapse) and right atrial pressure
measured by right heart catheterization (5, 6).
The coronary sinus, which drains the myocardial veins,
opens into the right atrium. The size of the coronary sinus
can be used as an index of increased right atrial pressure.
Dilation of the coronary sinus in adult patients with rightsided heart disease and pulmonary hypertension has been
studied (7). Although the coronary sinus is easily visualized
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in pediatric patients and may be dilated in right-sided heart
diseases, to date the importance of this dilation in pediatric
patients with pulmonary hypertension has not been studied
in detail.
Because the size of the coronary sinus in children
differs depending on age, weight and body surface area,
the present study was designed to search for possible
correlations between dimensions of the corrected coronary
sinus and estimated pulmonary artery pressure.
Methods
We recruited 100 pediatric patients (with or without
cardiac problem, less than 18 years) who had easily
measurable and fine enveloped tricuspid or pulmonary
insufficiency for transthoracic echocardiography to the
hospitals affiliated with Shiraz University of Medical
Sciences ,Shiraz, southwestern IR Iran. Patients with
atrial septal defect, persistent left superior vena cava as
determined by contrast echocardiography, pulmonary
stenosis, atrio-ventricular or ventriculo-arterial discordance
were excluded. The research was approved by the ethics
committee of the university, and written informed consent
was obtained from the patients or their parents.
Echocardiographic Methods
Echocardiography was done with a General ElectricVivid 3 echocardiographic system (General ElecticVivid 3 Vingmed, Horten, Norway), using a 3 MHz or
7 MHz probe. Coronary sinus diameters were measured
in subcostal view in infant and lower age in those with
good subcostal view, in older children, four-chamber view
with some posterior angulations of echocardiographic
probe or long axis view was used (Fig. 1). Aortic annulus
(in long-axis view), inferior vena cava (in inspiration
and expiration), mean tricuspid regurgitation gradient,
peak tricuspid regurgitation gradient, peak pulmonary
regurgitation gradient and pulmonary regurgitation end
diastolic gradient were recorded for each patient. The
aortic annular diameter was measured at the time of
maximal aortic leaflet excursion as the maximal distance
separating the bases of the noncoronary and right coronary
cusps. Inferior vena cava was measured in long axis view,

1 cm below the connection to right atrium by M-mode
echocardiography. Weight and height were measured in
each patient and body surface area was calculated by the
Mosteller formula. Tricuspid regurgitation peak gradient
more than 36 mmHg or pulmonary regurgitation peak
gradient more than 25 mmHg were considered as indirect
evidence for pulmonary hypertension. All measurements
were carried out three times in each patient by the same
pediatric cardiologist and the mean value was used for
calculation of sizes.
Statistical Analysis
Quantitative variables were expressed as the mean ±
standard deviation. Qualitative variables were determined
by numbers and percentages. To establish the differences
between independent groups, Student’s t-test was used to
exhibit mean differences between normally distributed
quantitative variables. Pearson’s correlation analysis was
used to assess, correlations, and linear regression was
utilized to examine the relationship between coronary sinus
diameter and tricuspid or pulmonary regurgitation gradients.
A receiver operating characteristic curve was generated for
coronary sinus diameter, and the discrimination threshold
of this parameter was varied to determine the ability of
coronary sinus diameter to distinguish patients with and
without pulmonary hypertension. Statistical analyses were
done with MedCalc 8.0 software (Mariakerke, Belgium).
The results were considered statistically significant when
P value was less than 0.05.
Results
This analysis included 100 children of which 68 and
32 cases were with and without pulmonary hypertension
respectively. Mean age was 7.6 years in the patients
without and 8 years in those with pulmonary hypertension
(P =0.11). In the patients with pulmonary hypertension
25 patients had left-to-right shunt (12 with ventricular
septal defect and 13 with patent ductus arteriosus), 4 had
cardiomyopathy, 4 had hematologic disorders (sickle
cell or thalassemia major), 3 had lung disease, and 5 had
idiopathic pulmonary hypertension.
The mean ratio of coronary sinus diameter to aortic

Figure 1. Coronary sinus diameter (white arrow) in four chamber view
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Figure 2. The receiver operating characteristic curve for sensitivity and specificity of
coronary sinus to body surface area ratio in determining pulmonary hypertension.

annulus diameter was 0.49 ± 0.13 in the patients with
pulmonary hypertension versus 0.38 ± 0.12 in those without
pulmonary hypertension (P =0.0001). The mean ratio of
coronary sinus diameter to body surface area was 1.3 ±
0.59 in the patients with pulmonary hypertension versus

0.7 ± 0.28 in the cases without pulmonary hypertension
(P =0.0001). The mean coronary sinus diameter to weight
ratio was 0.06 ± 0.03 in the former group versus 0.02 ±
0.01 in the latter (P =0.0001).
The ratios of coronary sinus diameter to aortic annulus

Figure 3. The receiver operating characteristic curve for sensitivity and specificity of
coronary sinus to weight ratio in determining pulmonary hypertension.
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Figure 4. The receiver operating characteristic curve for sensitivity and specificity of
coronary sinus to aortic annulus ratio in determining hypertension.

diameter (P=0.001, r=0.51), coronary sinus diameter
to body surface area (P=0.0001, r=0.62) and coronary
sinus diameter to weight (P=0.000, r=0.62) correlated
significantly with pulmonary insufficiency peak gradient.
The ratios of coronary sinus diameter to aortic annulus
diameter (P<0.001, r=0.54), coronary sinus diameter
to body surface area (P<0.001, r=0.66) and coronary
sinus diameter to weight (P<0.001, r=0.65) correlated
significantly with pulmonary insufficiency peak gradient,
and pulmonary insufficiency end diastolic gradient.
The receiver operating characteristic curve generated for
the ratio of coronary sinus to body surface area showed
that a ratio 1.02 or higher could be regarded as a cutoff
point to discriminate between patients with and without
pulmonary hypertension. This threshold had a sensitivity
of 68.7 percent (95 percent confidence interval: 50-83.9), a
specificity of 92.6 percent (95 percent confidence interval:
83.7-97.5), a positive likelihood ratio of 9.35, and a
negative likelihood ratio of 0.34 (Figure 2). For the ratio of
coronary sinus diameter to weight, a threshold cutoff value
of 0.05 or higher could be considered as the cutoff point,
with a sensitivity of 62.5 percent (95 percent confidence
interval: 43.7-78.9), a specificity of 97.1 percent (95 percent
confidence interval: 89.8-99.6), a positive likelihood ratio
of 21.25 and a negative likelihood ratio of 0.39 (Fig. 3).
The ratio of coronary sinus to aortic annulus diameter
showed a threshold 0.381 with a sensitivity of 62.5 percent
(95 percent confidence interval: 43.7-78.9), a specificity of
97.1 percent (95 percent confidence interval: 89.8-99.6), a
positive likelihood ratio of 2.32, and a negative likelihood
ratio of 0.29 (Fig. 4).
Inferior vena cava collapsibility during respiration
59

correlated significantly with the ratios of coronary sinus
diameter to aortic annulus (r =0.34, P =0.004), coronary
sinus diameter to body surface area (r =0.41, P<0.001) and
coronary sinus diameter to weight (r =0.37, P<0.001).
Discussion
This study found statistically significant differences
between children with and without pulmonary hypertension
in the ratios of coronary sinus to aortic annulus diameter,
coronary sinus to body surface and coronary sinus to
weight. The indexed coronary sinus also correlated
significantly with pulmonary insufficiency peak gradient,
pulmonary insufficiency end diastolic peak gradient and
inferior vena cava collapsibility. Gunes et al. evaluated
the size of the coronary sinus in adult patients and found
significant associations with pulmonary artery systolic
pressure, right atrial pressure, inferior vena cava size, and
the size of right heart chambers (7).
Although it is invasive, catheterization is the gold standard
technique for measuring pulmonary artery pressure.
Noninvasive estimation of pulmonary artery pressure is
often based on the peak velocity of the jet of tricuspid
regurgitation or pulmonary regurgitation. The simplified
Bernoulli equation describes the relationship of tricuspid
regurgitation velocity and the peak pressure gradient of
tricuspid regurgitation. To estimate pulmonary artery
systolic pressure, right atrial pressure also needs to be taken
into account. Right atrial pressure can be estimated based
on the diameter and respiratory variation of the inferior
vena cava in adults, although a fixed value of 5 or 10 mmHg
is often assumed. Despite the good correlation between
tricuspid regurgitation velocity and tricuspid regurgitation
pressure gradient, Doppler-derived pressure estimates may
Int Cardiovasc Res J. 2012;6(2)
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be inaccurate in some patients. For example, in patients
with severe tricuspid regurgitation, the simplified form
of the Bernoulli equation may underestimate pulmonary
artery systolic pressure. Overestimations of about 10
mmHg for pulmonary artery systolic pressure is common
(8). Therefore, pulmonary hypertension cannot reliably be
defined by a cutoff value for Doppler-derived pulmonary
artery systolic pressure (9).
The reliability of several cutoff values for tricuspid
regurgitation
velocity,
with
right-side
cardiac
catheterization as the reference, has been assessed in two
screening studies in adult patients. One study evaluated
the reliability of prospective screening of patients with
scleroderma, based on a tricuspid regurgitation velocity
2.5 m/s in symptomatic patients or 3.0 m/s irrespective
of symptoms. The results showed that 45 percent of the
echocardiographic diagnoses of pulmonary hypertension
were false positives (10). In symptomatic patients with
human immunodeficiency virus infection, a tricuspid
regurgitation velocity of 2.5 m/s or 2.8 m/s as a criterion
for pulmonary hypertension were found to be false positive
in 72 percent and 29 percent, respectively, of the sample
(11). In another study, a tricuspid regurgitation pressure
gradient of 40 mmHg (tricuspid regurgitation velocity 3.2
m/s) with an assumed right atrial pressure of 10 mmHg
(corresponding to a systolic pulmonary artery pressure of
50 mmHg) was used as the cutoff value for a diagnosis
of pulmonary hypertension. The Doppler diagnosis was
confirmed in all 32 patients who underwent right heart
catheterization (12). In our study we used the cutoff value
of tricuspid regurgitation peak gradient of more than 36.
For a right atrial pressure of at least 5 mmHg, the estimated
systolic pulmonary pressure would thus be 41 mmHg.
Theoretically, mean pulmonary artery pressure can be
calculated as 0.61 by pulmonary artery systolic pressure +
2 mmHg) (8). The mean pulmonary pressure estimated in
the present study was 26 mmHg.
Trivial pulmonary regurgitation, which was easily
detectable by Doppler echocardiography, is normally
present in a high percentage of healthy persons (13, 14).
Masuyama et al. showed that the end diastolic pulmonary
artery pressure can be estimated accurately by using the
pulmonary regurgitation jet at end diastole, and also the
peak pulmonary regurgitation flow velocity in early
diastole correlated well with mean pulmonary artery
pressure(15). In minor degrees of pulmonary insufficiency,
the pulmonary regurgitation signal is useful for measuring
end-diastolic pressure of the pulmonary artery (16).
Ehtisham et al. visualized coronary sinus in 81 percent of
43 patients who underwent right heart catheterization for
the evaluation of pulmonary hypertension (17). Andrade
et al. studied 400 patients aged from 5 to 80 years and
defined coronary sinus diameter as 0.4–0.8 cm (18). In our
study coronary sinus could be measured in all pediatric
patients in apical or sub- costal views. Due to the course
of the coronary sinus around the posterior aspect of the left
atrioventricular groove in the parasternal long-axis view
of the left ventricle, coronary sinus is seen in cross-section
as a circular structure adjacent to the posterior mitral
valve. Except in patients with a dilated coronary sinus,
Int Cardiovasc Res J. 2012;6(2)
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this echocardiographic view does not always provide a
good definition of the coronary sinus. The apical view has
been considered as the best choice to evaluate the coronary
sinus in a normal heart (18). A dilated coronary sinus can
result from increased blood flow due to abnormal venous
drainage, as occurs in persistent left superior vena cava,
total anomalous intracardiac pulmonary venous drainage,
impaired right ventricular function, severe tricuspid
regurgitation, coronary sinus diverticulum, or coronary
artery-to- coronary sinus fistula (19, 20). Most of these
conditions are easily detectable by echocardiography, and
left hand contrast echocardiography is a useful method to
rule out persistent left superior vena cava draining into the
coronary sinus. Patients with decreased left ventricular
systolic function show mild coronary sinus dilatation with
attenuation of coronary sinus contraction in the presence of
congestive heart failure and significant venous congestion.
In our study all patients had normal left ventricular systolic
function according to echocardiographic observation. The
cardiac venous system drains into the coronary sinus,
which opens into the right atrium. Thus coronary sinus
dilation can be associated with increased right atrial
pressure. The collapsibility of inferior vena cava in our
study had good correlation with coronary sinus size which
can be an index of right atrial pressure. Earlier studies also
have documented coronary sinus dilation in adults with
pulmonary hypertension and increased right atrial pressure
(18, 20).
The coronary sinus is likely to be dilated in pediatric
patients with pulmonary hypertension. The ratios of
Coronary sinus diameter to aortic annulus diameter, body
surface area and weight correlated significantly with
tricuspid regurgitation gradient, pulmonary regurgitation
gradient and inferior vena cava collapsibility. Thus,
echocardiographic evaluation of the coronary sinus in
children can be considered an integral component of the
echocardiographic assessment of pulmonary hypertension
or increased right atrial pressure.
Limitations
The gold standard for determining pulmonary pressure
is right heart catheterization. This procedure was not
performed in our pediatric patients because of ethical
concerns.
Acknowledgements
We thank M. Gholami at the Center for Development
of Clinical Research of Nemazee Hospital for research
assistance and K. Shashok (AuthorAID in the Eastern
Mediterranean) for improving the use of English in
the manuscript. Neonatology and the cardiac research
center at the Shiraz University of Medical Sciences are
acknowledged.
Financial Disclosure
The authors declare that they have no conflicts of interest.
Funding/Support
This research was supported by the Vice-Chancellory for
Research of Shiraz University of Medical Sciences. The
60

Amoozgar H et al.

present article was extracted from the thesis written by Dr.
Mohammadali Fallahi and financially supported by Shiraz
University of Medical Sciences grant no 88-01-01-1482.

References
1. Eidem BW, Cetta F, O’Leary PW. Echocardiography in
pediatric and adult congenital heart disease: Pulmonary
hypertension. Philadelphia, PA: Lippincott Williams
and Wilkins; 2010,. pp. 368–74.
2. Allen HD, Driscoll DJ, Shaddy RE, Feltes TF.
Moss and Adams’ Heart disease in infants, children
and adolescents: Pathophysiology of pulmonary
hypertension. 7th ed. Philadelphia, PA: Lippincott
Williams and Wilkins; 2008,. pp. 1323–51.
3. Berger M, Haimowitz A, Van Tosh A, Berdoff RL,
Goldberg E. Quantitative assessment of pulmonary
hypertension in patients with tricuspid regurgitation
using continuous wave Doppler ultrasound. J Am Coll
Cardiol. 1985;6:359–65.
4. Galie N, Torbicki A, Barst R, Dartevelle P, Haworth S,
Higenbottam T. Guidelines on diagnosis and treatment
of pulmonary arterial hypertension. The task force
on diagnosis and treatment of pulmonary arterial
hypertension of the European Society of Cardiology.
Eur Heart J. 2004;25:2243–78. doi: 10.1016/j.
ehj.2004.09.014.
5. Brennan JM, Blair JE, Goonewardena S, Ronan A,
Shah D, Vasaiwala S, et al. Reappraisal of the use of
inferior vena cava for estimating right atrial pressure. J
Am Soc Echocardiogr. 2007;20:857–86.
6. Cecconi M, Manfrin M, Colonna P, Nardi M,
Zanoli R, Moretti S, et al. Evaluation of mean right
arterial pressure by two-dimensional and Doppler
echocardiography in patients with cardiac disease. G
Ital Cardiol. 1998;8:357–64.
7. Arcasoy SM, Christie JD, Ferrari VA, Zisman DA,
Blumenthal NP, Pochettino A, et al. Echocardiographic
assessment of pulmonary hypertension in patients with
advanced lung disease. Am J Respir Crit Care Med.
2003;168:735–40.
8. Gunes Y, Guntekin U, Tuncer M, Kaya Y, Akyol A.
Association of coronary sinus diameter with pulmonary
hypertension. Echocardiography. 2008;25:935–40.
9. Fisher MR, Forfia PR, Chamera E, Housten-Harris T,
Champion HC, Girgis RE, et al. Accuracy of Doppler
echocardiography in the hemodynamic assessment of
pulmonary hypertension. Am J Resp Crit Care Med.
2009;179:615–21.
10. Galie N, Hoeper MM, Humbert M, Torbicki A, Vachiery
JL, Barbera JA, et al. Guidelines for the diagnosis and
treatment of pulmonary hypertension. Eur Heart J.
2009;30:2493–537.
11. Hachulla E, Gressin V, Guillevin L, Carpentier P,

61

Relation of coronary sinus with pulmonary pressure

Diot E, Sibilia J, et al. Early detection of pulmonary
arterial hypertension in systemic sclerosis: A French
nationwide prospective multicenter study. Arthritis
Rheum. 2005;52:3792–800.
12. Sitbon O, Lascoux-Combe C, Delfraissy JF, Yeni
PG, Raffi F, De ZD, et al. Prevalence of HIV-related
pulmonary arterial hypertension in the current
antiretroviral therapy era. Am J Respir Crit Care Med.
2008;177:108–13.
13. Mukerjee D, St George D, Knight C, Davar J, Wells AU,
Du Bois RM, et al. Echocardiography and pulmonary
function as screening tests for pulmonary arterial
hypertension in systemic sclerosis. Rheumatology.
2004;43:461–6.
14. Borgeson DD, Seward JB, Miller FA Jr, Oh JK, Tajik
AJ. Frequency of Doppler measurable pulmonary artery
pressures. J Am Soc Echocardiogr. 1996; 9:832–7.
15. Ristow B, Ahmed S, Wang L, Liu H, Angeja BG,
Whooley MA, et al. Pulmonary regurgitation enddiastolic gradient is a Doppler marker of cardiac
status: data from the Heart and Soul Study. J Am Soc
Echocardiogr. 2005;18:885–91.
16. Zoghbi WA, Enriquez-Sarano M, Foster E, Grayburn
PA, Kraft CD, Levine RA, et al. Recommendations for
evaluation of the severity of native valvular regurgitation
with two-dimensional and Doppler echocardiography. J
Am Soc Echocardiogr. 2003; 16:777–802.
17. Masuyama T, Kodama K, Kitabatake A, Sato H, Nanto S,
Inoue M. Continuous-wave Doppler echocardiographic
detection of pulmonary regurgitation and its application
to noninvasive estimation of pulmonary artery pressure.
Circulation. 1986;74:484–92.
18. Castelain V, Hervé P, Lecarpentier Y, Duroux P,
Simonneau G, Chemla D. Pulmonary artery pulse
pressure and wave reflection in chronic pulmonary
thromboembolism
and
primary
pulmonary
hypertension. J Am Coll Cardiol. 2001;37:1085–92.
19. D’Cruz IA, Shala MB, Johns C. Echocardiography of
the coronary sinus in adults. Clin Cardiol. 2000;23:149–
54.
20. Andrade JL, Somerville J, Carvalho AC, Campos
O, Mitre N, Atic E, et al. Echocardiographic routine
analysis of the coronary sinus by an apical view:
Normal and abnormal features. Texas Heart Institute J.
1986;13:197–202.
21. Paul W, Beisel B, Krug A, Vagt A, Timpe A, Brase
R, et al. Dilated coronary sinus: A preoperative
transesophageal
echocardiographic
diagnosis.
Anaesthetist. 2000;49:25–8.
22. Zamorano J, Almeria C, Alfonso F, Angeles Perez
M, Grauper C, Morales R, et al. Transesophageal
Doppler analysis of coronary sinus flow: A new
method to assess the severity of tricuspid regurgitation.
Echocardiography. 1997;14:579–88.

Int Cardiovasc Res J. 2012;6(2)

