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Abstract
Right ventricular systolic dysfunction is prognostic in various cardiovascular diseases. Right ventricular systolic function is 
not commonly assessed in the catheterization laboratory. Therefore, we developed a novel, reproducible method to measure 
right ventricular systolic function during selective coronary angiography. We analyzed the angiographic systolic translational 
motion and maximum speed of the right coronary artery (RCA) in 97 consecutive patients and compared it to the tricuspid 
annular plane systolic excursion (TAPSE) as measured by echocardiography. All measurements were performed by two inde-
pendent operators on two occasions. Inter-observer variability and intra-observer variability were excellent for RCA motion 
distance and for RCA maximum speed. There was a significant correlation of the RCA motion distance and RCA maximum 
speed with the TAPSE measured by echocardiography (Pearson’s correlation for RCA distance: r = 0.59, p < 0.001, r2 = 0.35; 
for RCA speed: r = 0.40, p < 0.001, r2 = 0.16). The area under the receiver operating curve for the RCA motion distance was 
0.88 (95% CI 0.80–0.96) for discrimination of normal and abnormal right ventricular systolic function. A cut-off value less 
than 22.3 mm systolic RCA motion had a specificity of 93.3% and a sensitivity of 75.6% for identifying an abnormal right 
ventricular systolic function. Analysis of the RCA motion is a reproducible and reliable method to measure right ventricular 
systolic function during selective coronary angiography. It is a simple and useful tool to assess right ventricular function in 
the catheterization laboratory and may serve for risk assessment for right ventricular failure.
Clinical trial registration  Data for this study was collected retrospectively from Swiss Transcatheter Aortic Valve Implanta-
tion Registry (NCT01368250). https​://clini​caltr​ials.gov/show/NCT01​36825​0.
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Introduction

Right ventricular (RV) systolic function is a prognostic fac-
tor in various cardiovascular entities such as pulmonary 
hypertension [1], valvular and congenital heart disease [2], 
as well as heart failure or stroke after myocardial infarction 
[3–5]. The most commonly used imaging modality to asses 
RV function is echocardiography, where measurement of 

the tricuspid annular plane systolic excursion (TAPSE) and 
the peak systolic tricuspid annular velocity have become 
a widely used method to estimate RV performance [6–8]. 
Furthermore, there is now compelling evidence in support 
of utilizing three-dimensional echocardiography and cardiac 
magnetic resonance imaging (CMR), for the assessment of 
RV function. However, despite their noticeable improvement 
in calculating end-systolic and end-diastolic volume, these 
modalities remain costly, time consuming and therefore 
mostly reserved for rare indications [9–11].

Unlike the common practice of assessing left ventricular 
systolic function during cardiac catheterization by left ven-
tricular angiography, evaluating that of the right ventricle is 
not routinely performed. Therefore, we sought to develop a 
method to assess right ventricular systolic function during 
coronary angiography.
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We hypothesized that measurement of the systolic transla-
tional motion of the right coronary artery (RCA) may repro-
duce the TAPSE as measured by echocardiography. Hence, 
the angiographic movement of the RCA during systole could 
be used to evaluate RV systolic function. Indeed, other stud-
ies have shown a significant correlation between TAPSE by 
echocardiography and TAPSE measured by coronary com-
puted tomography angiography (CCTA) [12] or CMR [13]. 
However, no study has so far investigated the angiographic 
motion of the RCA to establish a method for RV systolic func-
tion assessment by selective coronary angiography.

Methods

Data for this study was collected retrospectively from 
Swiss Transcatheter Aortic Valve Implantation Registry 
(NCT01368250). All patients were part of this nationwide, 
prospective, multicenter cohort study. They all provided 
written informed consent. This study was approved by the 
appropriate institutional review boards and was performed 
in accordance with 1964 Helsinki declaration and its later 
amendments. This registry was chosen because many 
included patients underwent transthoracic echocardiogra-
phy and selective coronary angiography. We investigated 97 
patients who underwent transthoracic echocardiography and 
selective coronary angiography between September 2009 
and December 2015.

Inclusion criteria

–	 Selective coronary angiography and transthoracic echo-
cardiography during patient evaluation for aortic valve 
replacement.

–	 Participation in the Swiss TAVI registry with written 
informed consent for data acquisition and analysis.

–	 Right dominant coronary artery system or left dominant 
system with the RCA course in the atrio-ventricular sul-
cus.

–	 Right anterior oblique projection in 30° angulation of a 
selective RCA angiogram.

Exclusion criteria

–	 Movement of table or respiratory movements precluding 
measurements in the same cardiac cycle.

–	 Left dominant system with the RCA taking a course 
along the right ventricular free wall.

–	 Proximal or ostial chronic total occlusion of the RCA​

Proof of principle

To evaluate right ventricular systolic function, we analyzed 
the systolic translational motion of the RCA. To measure the 

motion, we used synedra view program (synedra information 
technologies gmbh, Innsbruck, Austria).

The angiographic motion of the RCA was measured in a 
thirty degree right anterior oblique view. RCA movement 
towards the apex was measured in millimeter at the mid-
point between the RCA ostium and the crux cordis at 90 
degrees, using the outer edge of the artery as a reference 
point. The frame rate was 15 frames per second to ascertain 
accurate measurements (Fig. 1).

Besides measuring the maximum RCA movement dis-
tance during systole, we also calculated the maximum speed 
of the RCA movement during systole by using frame rate 
and maximal displacement between two frames. We used a 
15 frames per second rate to allow comparison between the 
calculated maximal velocities.

The motion distance and maximum speed of the mid-
portion of the RCA during systole towards the apex was 
compared to the TAPSE by echocardiography. All measure-
ments were performed by two independent operators on two 
occasions to assess intra-observer and inter-observer vari-
ability. Measurement of TAPSE by transthoracic echocardi-
ography was performed using M-mode imaging through the 
tricuspid annulus in an apical four-chamber view as previ-
ously described [14].

Statistical analysis

RCA motion distance in coronary angiography was com-
pared to TAPSE by Pearson’s correlation. To assess 

Fig. 1   Measurement of RCA motion
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intra- and inter-observer variability Cronbach’s Alpha and 
Bland–Altman analysis was used. Receiver operating char-
acteristic curves (ROC curves) for RCA motion distance and 
maximum speed of RCA (highest sum of specificity and 
sensitivity) were drawn. In accordance with recent guide-
lines, we choose a TAPSE of more than 17 millimeter (mm) 
as a cut-off value for a normal RV systolic function [14, 15].

A two-tailed p value < 0.05 was considered statistically 
significant. Statistical analysis was performed using SPSS 
Statistics program (version 23, IBM software, Armonk, New 
York, United States).

Results

A total of 97 patients enrolled in the Swiss TAVI Registry 
who underwent a coronary angiography at our center, were 
included in the analysis. The mean age of the population was 
82 ± 6.2 years, of which 44.4% (n = 43) were males.

Overall on angiography, the mid-portion of the RCA 
moved an average of 25.9 ± 9.9 mm (range 5.5 to 49.2 mm) 
with a maximum speed of 11.3 ± 4.7 cm per second during 
systole towards the apex. The TAPSE in echocardiography 
was 21.2 ± 4.5 mm (range 9 to 35 mm).

Intra‑ and inter‑observer variability analysis

Operators A and B measured all 97 patients twice on two 
different days to obtain inter- and intra-observer variability. 
During repeat measurements, the operators were blinded 
towards the previous reported values.

During independent repeat measurements, the reli-
ability of operator A (Cronbach’s Alpha) was 94.7% (95% 
CI 92.1–96.5, p < 0.001) and 95.2% (95% CI 92.8–96.8, 
p < 0.001) and of operator B 98.1% (95% CI 97.2–98.7, 
p < 0.001) and 97.6% (95% CI 96.4–98.4, p < 0.001) for the 
RCA motion distance and RCA speed, respectively. Inter-
observer variability was excellent for both measurements 
(Cronbach’s Alpha for distance 97.6%, 95% CI 96.4–98.4, 
p < 0.001; for speed 96.4%, 95% CI 94.6–97.6, p < 0.001). 
The Bland–Altman analysis (Fig. 2) showed that the 95% 
limits of agreement between the two operators ranged from 
− 7.84 to 4.17.

Correlation of RCA motion distance and RCA 
maximum speed with TAPSE by echocardiography

There was a significant correlation of the RCA motion dis-
tance and RCA maximum speed with the TAPSE measured 
by echocardiography (Pearson’s correlation for RCA dis-
tance: r = 0.59 (95% CI 0.424–0.753), p < 0.001, r2 = 0.35; 
for RCA speed: r = 0.40 (95% CI 0.212–0.586), p < 0.001, 
r2 = 0.16) (Fig. 3).

Receiver operating curves for RCA motion distance 
and RCA maximum speed

In patients with a normal right ventricular systolic func-
tion measured by echocardiography the RCA motion dis-
tance was 27.8 ± 9.2 mm and the RCA maximum speed was 

Fig. 2   Bland–Altman plot showing the scatter diagram of differences 
between operator A and B plotted against the mean RCA motion dis-
tance and the 95% limits of agreement

Fig. 3   Correlation of right coronary artery (RCA) motion distance 
and tricuspid annular plane systolic excursion (TAPSE)
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12.0 ± 4.4 cm per second. The area under the ROC curve 
for the RCA motion distance was 0.88 (95% CI 0.80–0.96) 
and for RCA maximum speed 0.81 (95% CI 0.67–0.94) for 
discrimination of normal and abnormal right ventricular 
systolic function (Fig. 4). The best cut-off value for RCA 
motion distance was 22.3 mm with a specificity of 93.3% 
and a sensitivity of 75.6%.

Discussion

The aim of this study was to develop a simple and reproduc-
ible method to measure RV systolic function during selec-
tive coronary angiography by analyzing the systolic transla-
tional motion of the RCA. Our study demonstrates that RV 
functional evaluation can be performed by measuring RCA 
motion distance during coronary angiography with good 
correlation to TAPSE by echocardiography.

We found a significant correlation of the RCA motion 
distance and RCA maximum speed with the TAPSE meas-
ured by echocardiography. This finding is concordant with 
previously published data regarding a significant correlation 
between TAPSE measured by echocardiography and TAPSE 
by CCTA [12] or CMR [13]. Furthermore, we showed an 
excellent inter- and intra-observer variability for RCA 
motion distance and RCA maximum speed during coronary 
angiography. Hence demonstrating accurate reproducibility 
of the studied measurements independent of the operator.

Overall RCA motion distance and RCA maximum speed 
demonstrated good diagnostic performance. Analysis of 
ROC curves show that the area under the curve was greater 
for RCA motion distance than for RCA maximum speed. A 
cut-off value less than 22.3 mm systolic RCA motion had a 
specificity of 93.3% and a sensitivity of 75.6% for identify-
ing an abnormal right ventricular systolic function. Other 
studies showed similar specificity and sensitivity of their 
CT [12] or CMR [13] based methods compared to TAPSE. 
Singh et al. [12], using a cut-off value < 16 mm for a normal 
TAPSE by echocardiography, found a specificity of 82% and 
sensitivity 93% for CT-TAPSE.

The presence of arrhythmia, especially atrial fibrillation 
may be of relevance using this method. However, for the use 
of TAPSE in echocardiography no specific recommendations 
are made by current guidelines [14]. Atrial fibrillation may 
lead to lower (echocardiographic) TAPSE measurements 
[16], which may also apply for our method.

To date, systolic function of the RV is a blind spot in 
the cardiac catheterization laboratory. While left ventricular 
systolic function is routinely assessed by ventriculography, 
the same method is not validated and rarely used for RV 
assessment. Echocardiography may not be available dur-
ing or before coronary angiography, so many patients, who 
enter the cardiac catheterization laboratory, leave it without 
knowledge of RV performance. In this study, we introduce 
a simple and reproducible method to measure RV systolic 
function in the catheterization laboratory. Our method does 
not require additional radiation or contrast and no additional 
software. A 30° right anterior oblique view of the RCA is a 
routine projection in most centers performing selective coro-
nary angiography. The method does not require sophisticated 
training and can be measured on most currently used angi-
ography systems. Nevertheless, an automatic measurement 
would facilitate RCA motion analysis. Upon further valida-
tion and establishment of the method, dedicated software 
integrated into current angiography systems would reduce 
the time and extra effort of the measurement. Automatic 
detection of the RCA and RCA movement during the car-
diac cycle similar to speckle tracking software meanwhile 
considered routine in echocardiography may proof adequate 
to execute the proposed algorithm.

Study limitations

Our study was conducted with a relatively small number of 
subjects and all patients had similar indications for coro-
nary angiography (as part of the examination for aortic valve 
replacement). Additionally, due to the same enrollment bias, 
patients’ mean age (82 ± 6.2 years) tended to be older than 
what is normally seen in the catheterization lab, hence con-
tributing to a less wide range of TAPSE measurements. Fur-
thermore, most of our examined patients were Caucasians. 

Fig. 4   Receiver operating characteristics (ROC) curve of RCA 
motion distance and maximum speed of RCA​
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Therefore, we were not able to evaluate ethnicity-based 
differences.

In contrast to CMR or three-dimensional echocardiog-
raphy evaluation of RCA motion distance, coronary angi-
ography remains a two-dimensional indirect method for 
evaluating RV function. Refinement of cut-off values for our 
method should be accomplished by analyzing large cohorts 
with diverse cardiac conditions, ethnicities and ages.

Conclusions

Conclusion and outlook

This study shows as a proof of principle, that analysis of 
RCA motion is a reproducible method to measure right ven-
tricular systolic function during selective coronary angiog-
raphy. With this simple and useful tool, right ventricular 
function can be assessed in the catheterization laboratory. 
The method needs to be further validated by analyzing larger 
cohorts with diverse cardiac conditions, ethnicities and ages. 
An automatic measurement of the RCA motion with integra-
tion into current angiography systems would further facili-
tate the analysis.

Funding  The Swiss Transcatheter Aortic Valve Implantation Regis-
try was supported in part by unrestricted Grants of Edwards Lifes-
ciences, Nyon, Medtronic, Tollochenaz and St. Jude Medical, Zurich 
(all Switzerland).

Compliance with ethical standards 

Conflict of interest  There are no conflicts of interest.

References

	 1.	 Mauritz GJ, Kind T, Marcus JT, Bogaard HJ, van de Veerdonk 
M, Postmus PE, Boonstra A, Westerhof N, Vonk-Noordegraaf A 
(2012) Progressive changes in right ventricular geometric shortening 
and long-term survival in pulmonary arterial hypertension. Chest 
141(4):935–943. https​://doi.org/10.1378/chest​.10-3277

	 2.	 Hsiao SH, Lin SK, Wang WC, Yang SH, Gin PL, Liu CP (2006) 
Severe tricuspid regurgitation shows significant impact in the 
relationship among peak systolic tricuspid annular velocity, tri-
cuspid annular plane systolic excursion, and right ventricular ejec-
tion fraction. J Am Soc Echocardiogr 19(7):902–910. https​://doi.
org/10.1016/j.echo.2006.01.014

	 3.	 de Groote P, Fertin M, Goeminne C, Petyt G, Peyrot S, Foucher-
Hossein C, Mouquet F, Bauters C, Lamblin N (2012) Right ventricu-
lar systolic function for risk stratification in patients with stable left 
ventricular systolic dysfunction: comparison of radionuclide angi-
ography to echoDoppler parameters. Eur Heart J 33(21):2672–2679. 
https​://doi.org/10.1093/eurhe​artj/ehs08​0

	 4.	 Anavekar NS, Skali H, Bourgoun M, Ghali JK, Kober L, Maggioni 
AP, McMurray JJ, Velazquez E, Califf R, Pfeffer MA, Solomon SD 
(2008) Usefulness of right ventricular fractional area change to pre-
dict death, heart failure, and stroke following myocardial infarction 

(from the VALIANT ECHO Study). Am J Cardiol 101(5):607–612. 
https​://doi.org/10.1016/j.amjca​rd.2007.09.115

	 5.	 Zornoff LA, Skali H, Pfeffer MA, St John Sutton M, Rouleau JL, 
Lamas GA, Plappert T, Rouleau JR, Moye LA, Lewis SJ, Braunwald 
E, Solomon SD (2002) Right ventricular dysfunction and risk of 
heart failure and mortality after myocardial infarction. J Am Coll 
Cardiol 39(9):1450–1455

	 6.	 Kaul S, Tei C, Hopkins JM, Shah PM (1984) Assessment of right 
ventricular function using two-dimensional echocardiography. Am 
Heart J 107(3):526–531

	 7.	 Ghio S, Recusani F, Klersy C, Sebastiani R, Laudisa ML, Campana 
C, Gavazzi A, Tavazzi L (2000) Prognostic usefulness of the tricus-
pid annular plane systolic excursion in patients with congestive heart 
failure secondary to idiopathic or ischemic dilated cardiomyopathy. 
Am J Cardiol 85(7):837–842

	 8.	 Meluzin J, Spinarova L, Bakala J, Toman J, Krejci J, Hude P, Kara 
T, Soucek M (2001) Pulsed Doppler tissue imaging of the velocity 
of tricuspid annular systolic motion; a new, rapid, and non-invasive 
method of evaluating right ventricular systolic function. Eur Heart 
J 22(4):340–348. https​://doi.org/10.1053/euhj.2000.2296

	 9.	 Brieke A, DeNofrio D (2005) Right ventricular dysfunction in 
chronic dilated cardiomyopathy and heart failure. Coron Artery Dis 
16(1):5–11

	10.	 Guglin M, Verma S (2012) Right side of heart failure. Heart Fail 
Rev 17(3):511–527. https​://doi.org/10.1007/s1074​1-011-9272-0

	11.	 Le Tourneau T, Piriou N, Donal E, Deswarte G, Topilsky Y, Lam-
blin N, Warin-Fresse K, Crochet D, Damy T, Trochu JN (2011) 
Imaging and modern assessment of the right ventricle. Minerva 
Cardioangiol 59(4):349–373

	12.	 Singh J, Borgstrom M, Abidov A (2014) Coronary computed 
tomography angiography-based tricuspid annular plane systolic 
excursion: correlation with 2D echocardiography. Echocardiogra-
phy 31(6):773–778. https​://doi.org/10.1111/echo.12461​

	13.	 Morcos P, Vick GW 3rd, Sahn DJ, Jerosch-Herold M, Shurman A, 
Sheehan FH (2009) Correlation of right ventricular ejection frac-
tion and tricuspid annular plane systolic excursion in tetralogy of 
Fallot by magnetic resonance imaging. Int J Cardiovasc Imaging 
25(3):263–270. https​://doi.org/10.1007/s1055​4-008-9387-0

	14.	 Rudski LG, Lai WW, Afilalo J, Hua L, Handschumacher MD, 
Chandrasekaran K, Solomon SD, Louie EK, Schiller NB (2010) 
Guidelines for the echocardiographic assessment of the right heart 
in adults: a report from the American Society of Echocardiogra-
phy endorsed by the European Association of Echocardiography, 
a registered branch of the European Society of Cardiology, and 
the Canadian Society of Echocardiography. J Am Soc Echocar-
diogr 23(7):685–713; quiz 786–688. https​://doi.org/10.1016/j.
echo.2010.05.010

	15.	 Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande 
L, Flachskampf FA, Foster E, Goldstein SA, Kuznetsova T, Lancel-
lotti P, Muraru D, Picard MH, Rietzschel ER, Rudski L, Spencer KT, 
Tsang W, Voigt JU (2015) Recommendations for cardiac chamber 
quantification by echocardiography in adults: an update from the 
American Society of Echocardiography and the European Associa-
tion of Cardiovascular Imaging. J Am Soc Echocardiogr 28(1):1–39.
e14. https​://doi.org/10.1016/j.echo.2014.10.003

	16.	 Torii Y, Kusunose K, Yamada H, Nishio S, Hirata Y, Amano R, 
Yamao M, Bando M, Hayashi S, Sata M (2016) Comparison of tri-
cuspid annular plane systolic excursion in patients with atrial fibril-
lation versus sinus rhythm. Am J Cardiol 117(2):226–232. https​://
doi.org/10.1016/j.amjca​rd.2015.10.035

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1378/chest.10-3277
https://doi.org/10.1016/j.echo.2006.01.014
https://doi.org/10.1016/j.echo.2006.01.014
https://doi.org/10.1093/eurheartj/ehs080
https://doi.org/10.1016/j.amjcard.2007.09.115
https://doi.org/10.1053/euhj.2000.2296
https://doi.org/10.1007/s10741-011-9272-0
https://doi.org/10.1111/echo.12461
https://doi.org/10.1007/s10554-008-9387-0
https://doi.org/10.1016/j.echo.2010.05.010
https://doi.org/10.1016/j.echo.2010.05.010
https://doi.org/10.1016/j.echo.2014.10.003
https://doi.org/10.1016/j.amjcard.2015.10.035
https://doi.org/10.1016/j.amjcard.2015.10.035

	Right coronary artery motion analysis: a novel method to measure right ventricular systolic function by selective coronary angiography
	Abstract
	Clinical trial registration 
	Introduction
	Methods
	Proof of principle
	Statistical analysis

	Results
	Intra- and inter-observer variability analysis
	Correlation of RCA motion distance and RCA maximum speed with TAPSE by echocardiography
	Receiver operating curves for RCA motion distance and RCA maximum speed

	Discussion
	Study limitations

	Conclusions
	Conclusion and outlook

	References




