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ABRÉVIATIONS 
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INTRODUCTION 

 

Heart failure is a major public health problem since its prevalence is very high in the world. 

According to the European Society of Cardiology, it is between 1 and 2% in developed countries 

(1). French cardiology federation estimates that one million people would be hit in France (2). 

Terminal heart failure accounts for 2 to 5% of heart failure overall. Mortality at 1 year is then more 

than 50% and sometimes more than 80% in case of degradation towards cardiogenic shock (3–5). 

At this stage of the disease, the reference treatment remains heart transplantation. Access is 

unfortunately limited by the organ shortage. In France in 2017, only 53.4% of patients on the 

waiting list received a transplant (6). The REMATCH study marked a turning point in the 

management of these patients by proving the value of a left ventricular assistance device (LVAD) 

in destination therapy in patients with refractory heart failure who were rejected for heart 

transplantation, with a clearly demonstrated benefit on survival and quality of life, compared to 

continuing simple medical treatment (7). 

Right ventricular function is recognized as an important prognostic marker in multiple 

cardiopulmonary diseases including heart failure (8), pulmonary arterial hypertension (PAH) (9) 

and chronic obstructive pulmonary disease (COPD) (10). Epidemiologically, incidence of right 

ventricle (RV) failure after left ventricular assistance in studies is highly variable, and ranges from 

15 to 57% (11–13). Because RV is not assisted, its function is a critical determinant of the 

hemodynamic in patients with LVADs and contributes significantly to postoperative morbidity 

and mortality. Mortality rate in patients with post-operative right ventricular dysfunction is 

variable, depending on the series, but high, since evaluated from 19% to 43% (13–15). RV failure 

remains a challenge in the area of continuous-flow LVADs. Consequently, the assessment and 

follow-up of the RV volumes and function are some of the major challenges in clinical practice 

(16). 
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Cardiac magnetic resonance (CMR) remains the benchmark for assessing the RV function (17-

20). But it is very difficult to perform in hemodynamically precarious patients and patients with 

implantable cardioverter defibrillator (ICD). Quantification of the RV function in 2D transthoracic 

echocardiograms (2D TTE) remains a challenge. RV has the shape of a truncated pyramid, with a 

triangular base, wrapped in a crescent around  left ventricle and consists of three separate chambers 

with a base (admission chamber), the apex and the infundibulum (ejection chamber). The thin, 

compacted and trabeculated wall alters the echogenicity, generating causing difficulties in the 

delimitation of myocardial contours. Thus, no transthoracic echocardiogram (TTE) section fully 

displays the right ventricle and no mathematical model can perfectly estimate its volume (20-21). 

Right ventricle three-dimensional echography has been developing for the last ten years with 

interesting results but more or less correlated with CMR according to the studies (21-27). 

Radionuclide ventriculography (RNV) is a non-invasive technique that allows both a qualitative 

and quantitative study of the heart function. Advances in RNV include single photo emission 

computed tomography (SPECT), which allows for calculation of additional variables on end 

systolic (ESV) and end diastolic volumes (EDV) for both ventricles (28-31). Since 2005, new 

dedicated cardiac gamma camera types equipped with cadmium-zinc-telluride (CZT) detectors 

have been commercially available, with improved spatial resolution, faster acquisition times and 

potentially lower radiation doses as well as improved reproducibility (32-34). 

Objective of this study was to develop a new technique for analyzing RV using a gamma camera 

CZT in tomoventriculography (RNV-CZT). Then we assessed correlation between this technique 

compare to CMR in the evaluation of right ventricular function. 
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PATIENTS AND METHODS 

 

Patients included in this cohort were extracted from the 3 C REGISTRY (NCT03479580). This 

registry analyses the long-term prognostic value of macrovascular and microvascular coronary 

artery stenosis in each type of cardiomyopathy (ischemic, dilated, hypertrophic and restrictive) 

and use multimodal imaging to assess cardiomyopathies. Included patients were admitted to 

cardiology unit for diagnostic and prognostic evaluation of cardiomyopathies between November 

2019 and February 2020. Then, all patient underwent TTE (2D and 3D analysis), CMR and RNV-

CZT. 3 reviews had to be carried out within 15 days. Consecutive patients who presented 

cardiomyopathies with possible evolution toward LVAD were included (ischemic and dilated 

cardiomyopathies).  

 

Clinical parameters: 

Patient’s medical history, blood pressure, heart rate, weight, height and treatments and New York 

Heart Association (NYHA) stage were prospectively recorded, and other information was 

retrieved from medical files and from review of hospital records. 

 

Two and three dimensional echocardiography: 

Transthoracic examination was carried out with the patient lying in left lateral recumbent position. 

Views and measurements were recorded according to the guidelines of the American Society of 

Echocardiography. Images were obtained using a GE medical healthcare Vivid E95. Standard 2D 

acquisitions have been carried out in the parasternal, apical and subcostal views. RV function was 

assessed by tricuspid annular plane systolic elevation (TAPSE), RV fractional shortening (RVFS), 
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RV annular peak systolic velocity by pulsed wave tissue Doppler and right ventricular index of 

myocardial performance (RIMP) by pulsed wawe tissue Doppler. 

3D analysis was performed using new dedicated software (4D Auto RVQ) to measure RV volumes 

and ejection fraction (EF) using a semi-automated algorithm based on a software platform for data 

management (EchoPAC, GE healthcare). Full-volume acquisition was performed using 

electrocardiogram gating over 3 consecutive cardiac cycles in the apical 4 chamber view. Then at 

the alignment stage (see figure 1) one can quickly adjust the vertical axis so that it crosses through 

the tricuspid valve (TV) center point and the RV apex (on the vertical plane). The lower horizontal 

plane is parallel to the tricuspid valve at the base, while the upper horizontal plane is at the center 

of the RV. The alignment is done in 4 chamber and orthogonal 4 chamber views. Six Landmark 

points (see figure 2) are then placed (two tricuspid annulus points and the RV apex point in the 4 

chamber view, and the RV/LV posterior and anterior points plus the RV free wall point in the short 

axis mid view). Then for review stage (see figure 3), the contours can easily be edited through a 

flexible interface, either in an ED/ES 3 by 3 layout, or in a dynamic layout where the dynamic RV 

model is also shown. From end diastolic and end systolic volumes, right ventricular ejection 

fraction (RVEF) was then automatically calculated (see figure 4).  
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Figure 1. Alignment stage in 3D echography  

 

 

Figure 2. Landmarks 
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Figure 3. Review (end diastole + end systole) 
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Figures 4. Dynamic results 

 

Radionuclide ventriculography: 

All acquisitions were performed at the department of Nuclear Medicine at CHUGA hospital. Gated 

blood-pool SPECT is a volumetric technique based on visualization of the contour of the 99mTc-

labeled blood pool in the right ventricular cavity in diastole and systole. Patients were injected 

with 840 MBq (22.7 mCi) of in vitro labelled erythrocyte solution. Acquisitions were performed 
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30 min after injection using a CZT Discovery NM530C camera (GE Healthcare, Haifa, Israel). A 

solid-state semiconductor CZT gamma camera system (Discovery NM 530c, GE Healthcare Ltd.) 

compound of a multiple pinhole collimator and 19 stationary detectors imaging simultaneously 19 

views of the heart without motion of the camera was used. Each detector contained 32x32 pixelated 

(2.46 x 2.46mm) CZT elements. Acquisition time was 5 minutes. Assessment of left and right 

ventricular ejection fraction as well as estimations of end diastolic and end systolic volumes (EDV 

and ESV) were carried out with the Cedars-Sinai QBS processing software (Cedars-Sinai, Ca, 

USA—revision 2009) after ensuring that images were properly synchronized to 

electrocardiogram. Contours of RV and left ventricle (LV) were determined and checked 

automatically (see figures 2 and 4). In the event of incorrect contours, they were manually modified 

by repositioning edge of the ventricular cavity (see figure 3). 

 

 

Figure 5. First step of the analysis with centering of cardiac cavities in ventriculography 
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Figure 6. Dynamic images generated by QBS software of right (yellow border) and left ventricles 

(white border) 

Figure 7. Manual contouring of cardiac cavities with QBS software. It is possible to reposition 

tricuspid and pulmonary planes as well as inter-ventricular septum 
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Figure 8. Final reconstruction of right (blue) and left (red) ventricles with fractions and volumes 

 

Cardiac Magnetic resonance: 

Using a 1.5-T and 3-T CMR system (Altea and Skyra, Siemens, Erlangen, Germany), 10 to 12 

consecutive short-axis images covering the entire left ventricle (LV) and Right ventricle (RV) were 

obtained. Respectively, single 2-, 3-, and 4-chamber long-axis images were acquired using a cine 

steady-state free-precession sequence to allow for the assessment of myocardial function and mass. 

About 10 to 15 min after the injection of 0.2 mmol/kg gadolinium-based contrast agent, identical 

prescriptions of short- and long-axis slices were acquired using a 2 or 3 dimensional inversion 

recovery sequence allowing for the assessment of LGE. 

CMR images were analyzed using the freely available software Segment Version 1.8 (Medviso 

AB, Lund, Sweden). LV volumes, RV volume, LV ejection fraction (EF), RVEF and regional wall 

thickness were obtained by semiautomatic tracing of contours on the short-axis images in end-

diastole and end-systole, with manual corrections when required. (35) 
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Statistical analysis: 

Analysis was performed using SPSS 21 software (SPSS Inc., Chicago, IL). Continuous variables 

are expressed as mean ± SD or median (25th, 75th percentile) and discrete variables as percentage. 

The mean values of continuous variables was compared using the Mann-Whitney rank sum test. 

The correlation between variables was assessed using Spearman correlation analysis and expressed 

by r. Agreement between the two methods was assessed by Bland-Altman analysis. Furthermore, 

to assess the variability of the measures using RVEF by RNV-CZT, all patients were evaluated 

twice by the same observer for intra-observer variability, and by two different observers for 

interobserver variability. Variability was quantified computing the intraclass correlation 

coefficient (ICC). Interobserver reliability for measurement of the RVEF was assessed by using 

two-way random single-measure ICC analysis. Intraobserver and intrasubject reliability was 

assessed by using one way random two-measure ICC analysis. A p-value < 0.05 was considered 

as statistically significant for all the analyses. 
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RESULTS 

 

28 patients have benefited from a multimodal RV assessment. 3 were excluded due to an 

arrhythmia with more than 50% of cycles rejected. Of the 25 patients, 4 other patients could not 

be evaluated in ventriculography due to a centering defect during acquisition making it impossible 

to quantify RV activity. Figure 9 shows flow chart of study. The average irradiation in 

ventriculography was 7 ± 1 mSv. The mean time from CMR to RNV was 3 days with a median of 

2 days. Characteristics of study population are shown in Table 1 Mean age of the patients was 54 

± 19 years and 62% were male. Etiology of heart failure was non-ischemic dilated in 86% and 

ischemic cardiomyopathy (ICM) in 14 %. 81% of patients were New York Heart Association 

(NYHA) Functional Class I or II. Table 2 presents imaging data of study patients. The mean left 

ventricle ejection fraction LVEF was 41.8 ± 14.3%. 

 

Ejection Fraction: 

Correlations and Bland Altman analysis between RVEF obtained by CMR and RNV, and CMR 

with 3D TTE are shown in figures 10 and 11. Mean values between the three modalities were 

similar with no statistical differences (51.4 ± 8.7% for CMR, 48.2 ± 10.5% for RNV; p = 0.17 and 

49.6 ± 7.9% for 3D TTE; p = 0.17) (see table 3). Correlations were quite good, slightly higher for 

RNV (for RNV: r = 0.72, p < 0.0001, for 3D TTE: r = 0.64, p < 0.001). Bland-Altman analysis 

showed small mean difference in both cases (-3.6 ± 5.9 % for RNV and -2.7 ± 5.3 % for 3D TTE). 

In both studies, there was only one value lying outside 2 standard deviations (2 SD). 
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End diastolic volume: 

There were no statistical differences between end diastolic volume obtained by CMR (143.4 ± 51 

ml) and RNV (147.5 ± 41.7 ml; p = 0.65) (see table 3). Correlation between CMR and RNV was 

good (r = 0.80, p < 0.0001). Bland-Altman analysis showed small mean differences but rather wide 

limits of agreement (-3.4 ± 27.6 ml) (see figure 12). No value was lying outside 2 SD. The slope 

and intercept of the regression plot and dispersion of data on the Bland–Altman scattergram 

revealed a tendency for RNV to underestimate large RV volumes compared to CMR.  

Right ventricle end diastolic volume (RVEDV) obtained by 3D TTE was 125.2 ± 46.2 ml with no 

statistical differences compare to CMR (p = 0.65). There was close correlation between CMR and 

3D TTE (r = 0.94, p < 0.0001). Bland-Altman analysis showed a systematic difference with a quite 

large mean difference (-18.9 ± 17.3 ml) (see figure 13). This difference reflects an overall 

underestimation of right end diastolic volumes by 3D TTE compared to CMR. As 

ventriculography, this underestimation appears more important in large RV volumes compared to 

CMR. 

 

End systolic volume: 

Correlations and Bland Altman between RV end systolic volume obtained by CMR and isotopic 

ventriculography, and CMR with 3D TTE are shown in figures 14 and 15 respectively. There was 

no statistical differences between end systolic volume obtained by CMR (70.5 ± 32 ml) and RNV 

(78.0 ± 33.2 ml; p = 0.59) and between 3D TTE (64.1 ± 29.5 ml; p = 0.59) and CMR, with close 

correlation (for RNV: r = 0.94, p < 0.0001, for 3D TTE: r = 0.84, p < 0.0001). Bland-Altman 

analysis showed small mean difference in both cases (-4.3 ± 11.9 ml for RNV and -5.5 ± 10.2 ml 

for 3D TTE). For 3D TTE, there was only one value lying outside 2 SD and two for RNV (one on 

the outside stage). 
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Reproducibility: 

Intraobserver, and interobserver reproducibility were good for RVEF (ICC.0.85 [95% CI: 0.68 to 

0.93], 0.91 [95% CI: 0.79 to 0.96], respectively. 
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DISCUSSION 

 

 
RNV CZT showed good correlation with CMR for assessment of RV in our study. Correlations 

were close for RVEF, RVEDV and RVESV without statistical differences. However, radionuclide 

ventriculography tended to underestimate the highest CMR volumes for EDV, particularly for 

volumes more than 200mL. These underestimates are probably due to the dilution of radiation with 

largest volume Adjustments may be needed for the highest volumes to obtain optimal accuracy. 

These results confirm data in the literature. Nichols et al. showed an average underestimation of 

28 ml of EDV by ventriculography compared to CMR (31). However, majority of studies do not 

use the CZT gamma camera. Those cameras with solid state CZT detectors have better count 

sensitivity and spatial resolution than conventional sodium iodine detectors, allowing for 

significant radiotracer dose and/or acquisition time reductions. Previous studies  (36-41) have 

shown that the dose of radiotracers injected to patients can be reduced and image acquisition time 

can be shortened using new imaging technologies with highly efficient gamma detection and 

dedicated small field of view image reconstruction (42, 43). These studies focus only on ischemia, 

but they provide a good understanding of the benefits of CZT camera. More specifically, 

extraordinarily sensitive SPECT cameras with solid state cadmium-zinc-telluride detectors have 

better count sensitivity and spatial resolution than those with conventional sodium iodine 

detectors.  

Ventriculography has the potential advantage over CMR and TTE of deriving its volumetric 

information from detected gamma rays rather than from geometrical considerations so that RV 

trabeculations should not interfere with received counts. Moreover, irradiation rate is low with 

only 7 ± 1 mSv. Others advantages of this technique are linked to advantages of the gamma camera 

mentioned above. In particular, image acquisition time was reduced to about 5 minutes compared 

to 15 minutes with a conventional camera. RNV with gamma camera is a new promising method 
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for evaluating right ventricular function, especially since there are few data in the literature about 

RNV with gamma camera using QBS software (32-33). Jensen et al. studied inter- and intra-

observer variability with excellent results for LV but less good for RV. Whereas, our study found 

very interesting results on the variability of RV. Finally, ventriculography can be used in in 

hemodynamically precarious patients or patients with ICDs. 

Arrhythmia is generally an important limiting factor in cardiac imaging. In our study, there were 

3 exclusions of patients in atrial fibrillation with more than 50% of cardiac cycles rejected due to 

lack of synchronization with electrocardiogram. It would therefore appear that atrial fibrillation is 

a real limiting factor in the interpretation of RNV since the 3 patients with atrial fibrillation in the 

study were excluded. However 2 patients with ventricular hyperexcitability could be included with 

cardiac cycle rejection rates close to 20%. This limitation remains problematic for patients on 

amines. 4 others RNV could not be interpreted due to a centering defect. Contrary to arrhythmia, 

this limit can be lifted by the use of an experienced manipulator. Finally, although edge detection 

is less important than in volumetric methods, inaccuracies may result from chamber overlap and 

background activity; image projections must separate the RV from right atrium, pulmonary artery, 

and left ventricle and, during analysis, care must be taken to construct a region of interest 

delineating the interventricular septum, tricuspid, and pulmonary valve planes.  

 

3D echocardiography is also a good alternative for measuring RV volumes and ejection fraction 

in patients even if correlation was slightly lower than ventriculography for EF. Feasibility of 3D 

echocardiography was 92% in the present study, which is comparable to the findings of 3D 

echocardiography measurements of LV (44), and better than previously published series of 3D 

echocardiography in RV (45). 3D echocardiography has the potential to overcome limitations of 

2DE by using multiple images to reconstruct RV without geometric assumptions (46). Ability of 

3D echocardiography imaging to directly measure RV volumes without the need for geometric 
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modeling has resulted in improved accuracy (47). This approach has been explored in vitro (48) 

and in vivo (49).  

Bland Altman analysis showed an underestimation of EDV by 3D echocardiography (- 20 ml 

without statistical difference). As ventriculography, these underestimation was more important for 

highest CMR volumes (> 150 ml). Possible reasons for the differences between CMR and 3D 

echocardiographic estimates of RV volume include difficulties in delineating the endocardial 

borders and valvular planes, artifacts due to the respiratory motion during acquisition and problems 

for visualizing the anterior RV free wall due to its retrosternal position, even though the 3D full-

volume scans were acquired with special care to include all parts of the RV free wall.  

Advantage of 3D echocardiography is the ability to overcome the limitations of 2D 

echocardiography by using multiple images to reconstruct RV without geometric assumptions 

(46). It is an easy, non-irradiating access examination for the patient. It also can be used in 

hemodynamically precarious patients or patients with ICDs. 

One of the limits of 3D echocardiography is that it does not overcome problems associated with 

poor quality echocardiographic windows, and time required to acquire images could have a 

negative influence on accuracy and precision of measurements. Also, 3D echocardiography 

measurements of RV volumes are affected by multiple additional factors, including gain settings 

as well as thickness and disk orientation during disk summation (50, 51). Finally, as 

ventriculography, 3D echocardiography cannot be achieved in arrhythmic patients. 

 

Our study population consisted of ambulatory patients. Next step would be to conduct this study 

in hospitalized patients before LVAD. Very often these patients are serious, hemodynamically 

precarious or ICD carriers, which compromises achievement of CMR. Thus, speed and ease of 

image acquisition by RNV could be a good way to assess RV in these patients.  Guazzi et al. have 
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shown right ventricle reserve contractile (RVCR) unmasks different phenotypes (52). Impaired 

RV function at rest might not invariably lead to unfavorable RVCR. Testing this variable appears 

useful in more advanced stages of Heart failure to define various clinical conditions and, most 

likely, to define different levels of risk. RVCR under amines can be measured by CMR but it is 

very complicated due to availability and technical difficulties related to the many adjustments 

needed to obtain acquisitions. This is why measurement RVCR under amines with the CZT camera 

seems simpler. 

As explained in introduction, assessment of right ventricular function is essential prior to LVAD. 

But, there are several data to consider prior to LVAD. Patient selection is an important determinant 

for the survival and quality of life of implanted patients. Many studies have found factors 

preoperative individuals responsible for a higher morbidity and mortality. Hepatic and renal 

dysfunctions are pre-implantation parameters predictors of right ventricle dysfunction (53). 

Studies have suggested that TAPSE is predictive of postoperative right ventricle dysfunction, for 

values less than 7.5mm (54). The study by Raina et al., conducted on 55 patients demonstrated 

that right ventricle fractional shortening, the pulmonary arterial resistances and the index of left 

atrium volume are predictors of postoperative right ventricle dysfunction (55). There are risk 

scores to select patients most at risk for RV failure by post implantation, but their sensitivity 

remains limited (56). Grant et al. have shown the interest in associating a risk score (Michigan) 

with the RV strain assessment (57). An index reflecting RV ejection work, calculated from right 

heart catheterization data was studied (58). Associated with all these criteria, assessment of RV by 

RVN-CZT could be a determining factor prior to LVAD. 

 

Limitations 

This study was performed in a single center with a small sample size. Indeed, only 21 patients 

made up the sample for our study. A larger multicenter study with hospitalized patients before 
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LVAD should be the next step and test prognosis value of RV function by RNV-CZT. Here, the 

objective of this study was to validate RVN-CZT method to a clinical practice application.  

 

Conclusion 

RNV-CZT appears to be an effective method for evaluating RV function and appears as a good 

alternative of cardiac magnetic resonance. It could be particularly interesting to patients in severe 

heart failure with borderline hemodynamic requiring vasoactive drugs.  
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THESE SOUTENUE PAR: Antoine APERT 

TITRE : 
DEVELOPPEMENT  D'UNE NOUVELLE TECHNIQUE D'EVALUATION  DU 
VENTRICULE DOIT A L'AIDE D'UNE GAMMA CAMERA CADMIUM-ZINC- 

TELLURIDE 

CONCLUSION : 

Introduction 
La fonction ventriculaire droite est reconnue comme un marqueur pronostique important de 
l'insuffisance cardiaque. L'objectif de cette étude était de développer une nouvelle 
technique d'analyse du ventricule droit à l'aide d'une gamma-caméra CZT en scintigraphie 
myocardique. 

Méthodes 
Les patients inclus ont été admis en hôpital de jour de cardiologie pour une évaluation multimodale 
du ventricule droit. Les données cliniques et paracliniques ont été recueillies. Ensuite, une 
imagerie par résonance magnétique, une ventriculographie isotopique et une échocardiographie 
3D ont été réalisées dans les 15 jours. Les relations entre les variables continues ont été 
évaluées à l'aide de l'analyse de corrélation de Spearman. La concordance a été évaluée par 
l'analyse de Bland-Altman. Une valeur p inférieure à 0,05 a été considérée comme statistiquement 
significative pour toutes les analyses.  

Résultats 
Au total, 21 patients ont été inclus. L'âge moyen des patients était de 54 ± 19 ans et 62% 
étaient des hommes. Les valeurs moyennes de la FEVD entre les trois examens étaient 
similaires sans aucune différence statistique (51,4 ± 8,7 % pour l’IRM, 48,2 ± 10,5 % pour la 
ventriculographie isotopique ; p = 0.17 et 49,6 ± 7,9 % pour l'ETT 3D ; p = 0.17). Les 
corrélations étaient bonnes (pour la ventriculographie isotopique : r = 0,72, p < 0,0001, pour 
l'ETT 3D : r = 0,64, p < 0,001). L'analyse Bland-Altman a montré une faible différence 
moyenne dans les deux cas (-3,6 ± 5,9 % pour la ventriculographie isotopique et -2,7 ± 5,3 % 
pour l'ETT 3D). Il n'y avait pas de différences statistiques entre les volumes télésystoliques 
obtenus par l’IRM (70,5 ± 32 ml), et la ventriculographie isotopique (78,0 ± 33,2 ml ; p 
= 0.59) ainsi qu’entre l'ETT 3D (64,1 ± 29,5 ml ; p = 0.59) et l’IRM. Il n'y avait pas de 
différences statistiques entre les volumes télédiastoliques obtenus par l’IRM (70,5 ± 32 ml) et 
la ventriculographie isotopique (78,0 ± 33,2 ml ; p = 0.65) ainsi qu’entre l'ETT 3D (64,1 ± 
29,5 ml ; p = 0.65) et l’IRM. L'analyse Bland-Altman a montré une sous-estimation du volume 
télediastolique par  l'ETT 3D (-18,9 ± 17,3 ml). 

Conclusion 
La ventriculographie isotopique avec la gamma-caméra CZT est une méthode efficace 
pour évaluer la fonction VD et apparaît comme une bonne alternative à l’imagerie par 
résonance magnétique, en particulier pour les patients souffrant d'une insuffisance cardiaque 
grave avec une hémodynamique limite nécessitant des amines. L’ETT 3D semble également 
être une méthode efficace. 
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FIGURES 

Figure 9. Flow chart 

Multimodal evaluation of right ventricle 
n = 28 

Arrhythmia with > 50% 
cycles discarded 

n = 3 

Population study: 
CMR, radionuclide ventriculography and 3D TTE 

n = 25 

Radionuclide ventriculography 
with CMR  

n = 21 

Centering defect in 
ventriculography 

n = 4 
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Figures 10. RV ejection fraction: RNV and CMR. The relationship between CMR and RNV (radionuclide ventriculography) by linear regression 

analysis and Bland–Altman scattergram 
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Figures 11. RV ejection fraction: 3D echo and CMR. The relationship between CMR and 3D echo by linear regression analysis and Bland–Altman 

scattergram  
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Figures 12. RV end diastolic volume: RNV and CMR. The relationship between CMR and RNV (radionuclide ventriculography) by linear regression 

analysis and Bland–Altman scattergram  
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Figures 13. RV end diastolic volume: 3D echo and CMR. The relationship between 3D echo and CMR by linear regression analysis and Bland–

Altman scattergram 
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Figures 14. RV end systolic volume: RNV and CMR. The relationship between CMR and RNV (radionuclide ventriculography) by linear regression 

analysis and Bland–Altman scattergram  
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Figure 15. RV end systolic volume: 3D echo and CMR. The relationship between CMR and 3D echo by linear regression analysis and Bland–Altman 

scattergram  
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TABLES 

 

Table 1: Baseline characteristics of population 

 

Characteristics                                                 
Population 

n = 21  

Clinical characteristics   
Age, mean ± SD (years) 54 ± 19  
Women, n (%) 8 (38)  
BMI, mean ± SD (kg/m²) 24.8 ± 4.6  
Systolic blood pressure, mean ± SD (mmhg) 127 ± 22  
Diastolic blood pressure, mean ± SD (mmhg)  78 ± 16  
Heart rate, mean ± SD (beat/min) 70 ± 11  
NYHA functional class III-IV, n (%) 4 (19)  
Etiology of cardiopathy, n (%)   
Non ischemic cardiomyopathy  18 (86)  
Ischemic cardiomyopathy  3 (14)  
Comorbidities, n (%)   
HBP 9 (43)  
Diabetes 7 (33)  
Ever smoker  13 (62)  
History of MI 3 (14)  
History of PCI 4 (19)  
History of CABG 1 (5)  
Blood results, mean ± SD   
MDRD (ml/min/m²) 76 ± 31  
Hemoglobin (g/dl)    14.2 ± 2  

 
 
 
BMI, body mass index; HBM, high blood pressure; MI, Myocardial infarction; PCI, Primary coronary 
intervention; CABG, Coronary artery bypass grafting; sd, standard deviation;  
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Table 2: Baseline imaging characteristics of population 

 

 
 
 
CMR, cardiac magnetic resonance;  3D TTE, Three dimensional trans thoracic echocardiography;  LVEF, 
left ventricle ejection fraction;  LVEDV, left ventricular end-diastolic volume; 
LVESV, left ventricular end-systolic volume; TAPSE, tricuspid annular plane systolic elevation;   
eSPAP, estimated systolic pulmonary artery pressure;  RVFS, right ventricle fractional shortening; RIMP,  
right ventricle index of myocardial performance 
 
 

Imaging characteristics                                                              
Population 

n = 25  

CMR measurements n = 25  

LVEF, mean ± SD (%) 41.8 ± 14.3  

LV EDV, mean ± SD (ml) 204.4 ± 62.7  

LV ESV, mean ± SD (ml) 124.1 ± 61.1  

Echocardiographic measurements  n = 23  

TAPSE, mean ± SD (mm) 22 ± 5  

S tricuspid, mean ± SD (cm/s) 11.8 ± 2.3  

eSPAP, mean ± SD (mmhg) 28 ± 9  

RV FAC, mean ± SD (%) 44 ± 8  

RIMP, mean ± SD 0.52 ± 0.2   

Moderate - severe tricuspid regurgitation, n (%) 7 (28)  

3D LVEF, mean ± SD (%) 43.3 ± 11.8  

3D LV EDV, mean ± SD (ml) 176.8 ± 58.2  

3D LV ESV, mean ± SD (ml) 103.9 ± 54.9  

Radionuclide ventriculography measurements  n = 21  

LVEF, mean ± SD (%) 44.5 ± 13.1  

LV EDV, mean ± SD (ml) 173.9  ± 47.2  

LV ESV, mean ± SD (ml) 102.2 ± 51.6   
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Table 3: Reliability between CMR, radionuclide ventriculography and 3D 

echocardiography for right ventricle function 

 

 

 

s 

 

 

 

  

                                                                 RVEF (%) RVEDV (ml) RVESV (ml) 
 RNV  CMR         3DE RNV CMR  3DE RNV CMR 3DE 

Mean ± SD 48,2 ± 
10,5 

51,4  ± 
8,7 

 49,6 ± 
7,9 

147,5 ± 
41,7 

143,4 ± 
43,1 

125,2 ± 
46,2 

78  ± 
33,2 

70,5 ± 
32 

64,1 ± 
29,5 

p value 
(with CMR) 0.17 0.65 0.59 

 CMR,cardiac magnetic resonance; 3DE, Three dimensional echocardiography; RVEDV, right ventricular 
end-diastolic volume; 
RVEF, right ventricular ejection fraction; RVESV, right ventricular end-systolic volume; SD, standard 
deviation 
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DEVELOPMENT OF A NEW RIGHT VENTRICLE EVALUATION TECHNIQUE 
USING A GAMMA CAMERA CADMIUM-ZINC-TELLURIDE 

ABSTRACT 

Introduction 

Right ventricular function is recognized as an important prognostic marker in heart failure. 
Objective of this study was to develop a new technique for analyzing right ventricle using a gamma 
camera CZT in tomoventriculography. 

Methods 

Included patients were admitted to cardiology unit for a multimodal assessment of right ventricle. 
Clinical and Para clinical data were collected. Then, cardiac magnetic resonance, radionuclide 
ventriculography and three dimensional echocardiography were performed within 15 days. 
Relationships between the continuous variables were assessed using Spearman's correlation 
analysis.  Agreement was assessed by Bland-Altman analysis. A p-value < 0.05 was considered as 
statistically significant for all the analyses. 

Results 

A total of 21 patients were included. Mean age of patients was 54 ± 19 years and 62% were male. 
Mean RVEF values between three modalities were similar with no statistical differences (51.4 ± 
8.7% for CMR, 48.2 ± 10.5% for isotopic ventriculography; p = 0.17 and 49.6 ± 7.9% for 3D TTE; 
p = 0.17). Correlations were good (for isotopic ventriculography: r = 0.72, p < 0.0001, for 3D TTE: 
r = 0.64, p < 0.001). Bland-Altman analysis showed small mean difference in both cases (-3.6 ± 
5.9 % for isotopic ventriculography and -2.7 ± 5.3 % for 3D TTE). There were no statistical 
differences between end systolic volumes obtained by CMR (70.5 ± 32 ml) and isotopic 
ventriculography (78.0 ± 33.2 ml; p = 0.59) and between 3D TTE (64.1 ± 29.5 ml; p = 0.59) and 
CMR. There were no statistical differences between end diastolic volumes obtained by CMR 
(143.4 ± 43.1 ml) and isotopic ventriculography (147.5 ± 41.7 ml; p = 0.65) and between 3D TTE 
(125.2 ± 46.2 ml; p = 0.65) and CMR. Bland-Altman analysis showed a systematic difference 
between CMR and 3D ETT (-18.9 ± 17.3 ml). 

Conclusion 

Radionuclide ventriculography with CZT gamma camera appears to be an effective method for 
evaluating RV function and appear as a good alternative of cardiac magnetic resonance particularly 
to patients in severe heart failure with borderline hemodynamic requiring vasoactive drugs. 3D 
TTE appears also as an effective method.   

KEYWORDS: Right ventricle, Multimodal evaluation, Radionuclide ventriculography, CZT, 3D 
Echocardiography. 
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DEVELOPPEMENT  D'UNE NOUVELLE TECHNIQUE D'EVALUATION  DU 
VENTRICULE DOIT A L'AIDE D'UNE GAMMA CAMERA CADMIUM-ZINC- 

TELLURIDE 

RÉSUMÉ 

Introduction 
La fonction ventriculaire droite est reconnue comme un marqueur pronostique important de 
l'insuffisance cardiaque. L'objectif de cette étude était de développer une nouvelle technique 
d'analyse du ventricule droit à l'aide d'une gamma-caméra CZT en scintigraphie myocardique. 

Méthodes 
Les patients inclus ont été admis en hôpital de jour de cardiologie pour une évaluation multimodale 
du ventricule droit. Les données cliniques et paracliniques ont été recueillies. Ensuite, une imagerie 
par résonance magnétique, une ventriculographie isotopique et une échocardiographie 3D ont été 
réalisées dans les 15 jours. Les relations entre les variables continues ont été évaluées à l'aide de 
l'analyse de corrélation de Spearman. La concordance a été évaluée par l'analyse de Bland-Altman. 
Une valeur p inférieure à 0,05 a été considérée comme statistiquement significative pour toutes les 
analyses.  

Résultats 
Au total, 21 patients ont été inclus. L'âge moyen des patients était de 54 ± 19 ans et 62% étaient 
des hommes. Les valeurs moyennes de la FEVD entre les trois examens étaient similaires sans 
aucune différence statistique (51,4 ± 8,7 % pour l’IRM, 48,2 ± 10,5 % pour la ventriculographie 
isotopique ; p = 0.17 et 49,6 ± 7,9 % pour l'ETT 3D ; p = 0.17). Les corrélations étaient bonnes 
(pour la ventriculographie isotopique : r = 0,72, p < 0,0001, pour l'ETT 3D : r = 0,64, p < 0,001). 
L'analyse Bland-Altman a montré une faible différence moyenne dans les deux cas (-3,6 ± 5,9 % 
pour la ventriculographie isotopique et -2,7 ± 5,3 % pour l'ETT 3D). Il n'y avait pas de différences 
statistiques entre les volumes télésystoliques obtenus par l’IRM (70,5 ± 32 ml), et 
ventriculographie isotopique (78,0 ± 33,2 ml ; p = 0.59) ainsi qu’entre l'ETT 3D (64,1 ± 29,5 ml ; 
p = 0.59) et l’IRM. Il n'y avait pas de différences statistiques entre les volumes télédiastoliques 
obtenus par l’IRM (70,5 ± 32 ml) et la ventriculographie isotopique (78,0 ± 33,2 ml ; p = 0.65) 
ainsi qu’entre l'ETT 3D (64,1 ± 29,5 ml ; p = 0.65) et l’IRM. L'analyse Bland-Altman a montré 
une sous-estimation du volume télediastolique par  l'ETT 3D (-18,9 ± 17,3 ml). 

Conclusion 
La ventriculographie isotopique avec la gamma-caméra CZT est une méthode efficace pour 
évaluer la fonction VD et apparaît comme une bonne alternative à l’imagerie par résonance 
magnétique, en particulier pour les patients souffrant d'une insuffisance cardiaque grave avec une 
hémodynamique limite nécessitant des amines. L’ETT 3D semble également être une méthode 
efficace. 

MOTS CLÉS : Ventricule droit, Evaluation multimodale, Scintigraphie myocardique, CZT, 
Echographie 3D. 
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