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Introduction: Structural abnormalities of the right ventricular outflow tract (RVOT) have been described in
several clinical conditions. The aim of our study was to prospectively compare the available approaches to
measuring the RVOT area and diameter by cardiovascular magnetic resonance imaging (CMR) and establish
reference values in healthy volunteers. In addition, we sought to introduce a new algorithm for dedicated RVOT area evaluation determined by the RVOT axis.
Methods: In 50 healthy volunteers CMR was performed to measure the RVOT area: 1) on axial images using
turbo spin echo imaging (axial TSE), 2) on steady state free precession (axial SSFP), 3) on short axis slices
using SSFP (SAX SSFP), and 4) on a plane determined by the RVOT axis using SSFP (RVOT axis SSFP). Additionally, the RVOT diameter was measured on SSFP SAX images.
Results: RVOT measurements on axial TSE (8.4 ± 1.4 cm2) and on RVOT axis SSFP images were comparable (8.4 ± 0.1 cm2, p=0.99). The axial SSFP (10.2 ± 1.5 cm2) and SAX SSFP (11.0 ± 1.9 cm2) images resulted in significantly larger RVOT areas than on the axial TSE images (p<0.0001) and on the RVOT axis SSFP images (p<0.0001). The RVOT diameter measured was 22.4 ± 0.3 mm. RVOT assessment on the axial
SSFP and RVOT axis SSFP images revealed the best intra- and interobserver reliability.
Conclusion: RVOT area measurements differ significantly in healthy volunteers, depending on the imaging
plane and technique. In view of the excellent intra- and interobserver reliability and the precise image plane
positioning, we recommend the new RVOT axis approach for dedicated RVOT measurements.

C

ardiovascular magnetic resonance
(CMR) imaging has become a
widely available state of the art diagnostic imaging tool that is clinically appreciated for its high accuracy and reproducibility of high resolution images. It is considered the gold standard for the evaluation of
left and right ventricular function, volumes
and mass.1-4 CMR also allows the visualization of the right ventricular outflow tract
(RVOT), which is usually more difficult to
image using echocardiography, radionuclide
ventriculography, or cine angiography.5

As structural abnormalities of the RVOT have been described in several clinical
conditions, such as arrhythmogenic right
ventricular cardiomyopathy (ARVC),6-14
right ventricular outflow tract tachycardia, 5 corrected tetralogy of Fallot, 6,15,16
and Brugada syndrome,17,18 there is an increased clinical demand for standardized
measurement of the RVOT.
So far, three different approaches to
the illustration and measurement of RVOT dimensions are available, namely RVOT area measurements on turbo spin echo
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(TSE) images (axial TSE),7,8,15,18-20 or on steady state
free precession (SSFP) double-oblique short axis
views (SAX SSFP),17 as well as on SAX SSFP images.17,21 However, so far there is no consensus as to the
best method of measuring RVOT for routine clinical
use. Importantly, available data7,8,14,17-21 indicate that
large differences in RVOT area may occur, depending
on the chosen image plane and CMR sequence. Since
serial monitoring of RVOT area has clinical implications, assessment of optimal RVOT measurement and
the determination of normal values is warranted.
All previously described approaches (axial TSE,
SAX SSFP) clearly illustrate the RVOT. Nevertheless, axial TSE images are planned axial to coronal
localizing images that demonstrate the gross cardiac
anatomy, and SAX SSFP images are obtained by orienting the imaging plane perpendicular to the ventricular septum. Since the images that serve as localizers for axial TSE and SAX SSFP images do not
necessarily correspond to the RVOT axis, the angle
at which these approaches intersect the RVOT area
may differ.
Accordingly, we aimed to establish a new approach to delineate the RVOT area planed perpendicular to its major axis. In addition, we sought to determine whether these different approaches7,8,14,17-21
are comparable, to evaluate their reproducibility, and
to assess reference values in healthy volunteers.
Methods
Study participants
After institutional review board approval, 50 healthy
volunteers (24 males and 26 females; mean age 48 ±
24 years) were recruited prospectively between July
and November 2011. All volunteers were free of contraindications for CMR and satisfied the following
criteria: normal physical examination, normal blood
pressure (systolic <130 mmHg and diastolic <85
mmHg), normal ECG findings, no history of chest
pain or dyspnea, no diabetes, and normal 2D echocardiographic and Doppler examinations. None of
the subjects used medication. Informed consent was
obtained from all subjects prior to the CMR exam.
CMR acquisition
All CMR studies were performed using a 1.5 Tesla
whole body imaging system (Magnetom, Avanto, Siemens Medical Systems, Erlangen, Germany). A dedi108 • HJC (Hellenic Journal of Cardiology)

cated six-element, phased-array body surface coil was
used. Images were acquired during repeated end-expiratory breath-holds. Scout images (coronal, sagittal
and axial planes) were obtained for planning of the final double-oblique long axis and short axis views.22-24
To evaluate the RVOT area and diameter in SAX
orientation, multiple-slice data sets perpendicular
to the ventricular septum and parallel to the mitral
valve, covering the whole heart in diastole, were obtained using a retrogated segmented steady state free
precession sequence (SSFP). Typical image parameters were: TE=1.2 ms, TR=3.2 ms, temporal resolution 35 ms, in-plane spatial resolution 1.4 × 1.8 mm2,
slice thickness 6 mm, interslice gap 4 mm. Seven to 12
SAX views covering the whole left and right ventricle
were obtained.
For the evaluation of the RVOT area in axial orientation, we used a dark blood double-inversion-pulse prepared T1-weighted multi-slice TSE
pulse sequence to obtain an orthogonal stack of slices planned on the coronal localizing images from the
diaphragm to the pulmonary bifurcation (i.e. to include the pulmonary outflow tract). The TSE images
were triggered to end-diastole and the imaging parameters were as follows: TR=800 ms, TE=24 ms,
slice thickness 6 mm, interslice gap 2 mm, and field
of view 24 to 28 cm. In order to eliminate differences
in the RVOT area measurements due to different sequences and thus to better compare the approaches
with each other, we additionally acquired cine images
using a retrogated SSFP sequence in the same image
plane orientation as the axial TSE images: TE=1.2
ms, TR=3.2 ms, temporal resolution 35 ms, in-plane
spatial resolution 1.4 × 1.8 × 6 mm2, slice thickness 6
mm.
To visualize the RVOT area with respect to its
major axis, a new approach using SSFP (RVOT axis
SSFP) imaging was introduced (Figure 1). For this
method, first, a right ventricular (RV) 3-chamber cine
view was planned from the basal SAX localizer images and positioned through the pulmonary artery
and the right atrium. This RV 3-chamber view clearly visualizes the right ventricle (RV) and both inflow
and outflow tracts. Secondly, an RVOT long axis cine
view was positioned orthogonally to the RV 3-chamber cine view (Figure 1 B1), through the pulmonary
valve and parallel to the anterior and posterior wall
of the pulmonary artery. In the next step, the RVOT
axis (Figure 1 C, black line) was planned on the acquired RVOT axis cine view (Figure 1 B2). The RVOT axis should section the pulmonary valve and be
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Figure 1. Method figure RVOT axis SSFP. On the gross cardiac scout images (A1) a plane through the pulmonary artery and the right
atrium (black line) is planned to obtain the RV 3-chamber cine view (A2). Secondly, a RVOT cine view is positioned orthogonal to the RV
3-chamber view (B1), through the pulmonary valve and parallel to the anterior and posterior wall of the pulmonary artery (B2). Then, the
RVOT axis is planned on the acquired RVOT axis cine view (C, black line). The RVOT axis should section the pulmonary valve and be
positioned parallel to the RV free wall and the interventricular septum). Thirdly, a SAX stack perpendicular to the RVOT axis is acquired
using a retrogated SSFP sequence (C). For the new approach, the RVOT area was measured on the end-diastolic frame below the pulmonary valve on the SAX slice with the largest RVOT area (C1-C3). RV – right ventricular; RVOT – right ventricular outflow tract; SAX –
short axis; SSFP – steady state free precession.

positioned parallel to the RV free wall and the interventricular septum. Using the diastolic frame from
the RVOT view, a SAX stack perpendicular to the
RVOT axis (Figure 1 C) was acquired using a retrogated SSFP sequence. Typical image parameters
were: TE=1.2 ms, TR=3.2 ms, temporal resolution
35 ms, in-plane spatial resolution 1.4 × 1.8 mm2, slice
thickness 6 mm, interslice gap 2 mm. Four to 5 shortaxis views covering the proximal pulmonary trunk, the
pulmonary valve and the RVOT were obtained.

Determination of RVOT area and diameter
All images were transferred to a post-processing 64bit Osirix DICOM workstation 3.7.1 (Osirix Foundation, Geneva, Switzerland). Measurements were
performed on the Osirix Workstation with standard
Osirix Software tools. The RVOT area was measured
by manual tracing of the endocardial border using
the freehand region of interest tool: 1) on the largest RVOT area of the axial TSE dataset (Figure 2A),
(Hellenic Journal of Cardiology) HJC • 109
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Figure 2. Axial and SAX RVOT area and RVOT diameter measurements. Measurement of the RVOT area on the axial TSE slice (A),
on the axial SSFP images (B) at the level of the aortic valve (left row) and the outlined RVOT area (right row). Panel 2C shows a SAX
SSFP image about 1 cm below the atrioventricular valvular plane at end-diastole (left row and right row) and at mid-systole (middle row),
displaying the supraventricular cristae position. The RVOT area has been manually traced on short axis SSFP at end-diastole (right row).
Panel 2D displays an end-diastolic SAX SSFP image about 1 cm below the atrioventricular valvular plane (left row) and the same image
with the marked RVOT long axis of the RVOT (black line, middle row). The RVOT diameter is acquired as the largest anterior-posterior
diameter (white line) perpendicular to the long axis of the RVOT (black line) during end diastole (right row). RVOT– right ventricular
outflow tract; TSE – turbo spin echo; SAX – short axis; SSFP – steady state free precession.

2) on the corresponding end-diastolic axial SSFP image (Figure 2B), and 3) on the end-diastolic SAX SSFP images closest to the tricuspid plane with the right
ventricular inflow tract and RVOT chambers in full
continuity (Figure 2C). The partition line between
the right ventricular inflow tract and the RVOT was
considered to pass through the supraventricular crista
and the center of the left ventricle. The supraventricular crista position was determined on the mid-systolic and end-systolic frames.
The RVOT diameter was determined on end-diastolic SAX SSFP images about 1 cm below the atrioventricular valvular plane in the longitudinal axis of
the RVOT (Figure 2D). The largest anterior-posterior diameter was acquired perpendicular to the long
axis of the RVOT during end diastole.
110 • HJC (Hellenic Journal of Cardiology)

For the new approach, the RVOT area was measured on the end-diastolic frame below the pulmonary valve on the short axis slice with the largest RVOT area (Figure 1 C3). In order to ensure that the
chosen RVOT axis SSFP corresponds to the true RVOT area and does not include RV segments, we recommend projection of the acquired RVOT axis SSFPs on the routinely assessed basal SAX cine view
(Figure 3).
To obtain the inter- and intraobserver variance, all
data sets were measured once by the first investigator
and twice by the second investigator. The repeat measurements were made in random order, two weeks after the first evaluation. Both observers were blinded to
each other’s measurements and had at least 4 years’ experience in interpreting cardiac CMR images.
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Figure 3. Correct selection of the RVOT area. To ensure that the chosen RVOT axis SSFP (A) to measure the RVOT area corresponds to
the true RVOT area (marked with an asterisk) and does not include RV segments, the RVOT SSFP is projected on the routinely assessed
basal SAX cine view (upper row, right panel). The location of B and C outside the basal SAX cine view (upper row, right panel) proves
their location above the pulmonary valve in the pulmonary artery. The fact that C sections the RV and not the RVOT (marked with an
asterisk) on the basal SAX cine view (upper row, right panel) shows its far too distal position. RV – right ventricular; RVOT – right ventricular outflow tract; SAX – short axis; SSFP – steady state free precession.

Qualitative analysis
The readers evaluated the image quality of the axial
TSE and SSFP images using an ordinal 4-point scale:
1=endocardial border not identifiable; 2=poor image quality, endocardial border difficult to delineate;
3=good quality with definite endocardial delineation,
minimal artifacts; and 4=sharply defined borders, excellent image quality.
Statistical analysis
Mean values and standard deviations (SD) among patients were calculated for all measurements. In addition, ranges are given for all measurements. Median
values were calculated for discrete variables. After
a Kolmogorov–Smirnov test for normality, continuous variables were compared between two groups using the unpaired, 2-tailed Student’s t-test. A p-value
<0.05 was considered statistically significant. In the
analysis of intraobserver reliability, the two measurements made by the first investigator were compared
with each other. In the analysis of interobserver re-

liability, the first of the two measurements made on
each CMR by the first investigator was compared to
those made by the second investigator. For the five
different approaches to measure either the RVOT
area or the diameter, the intra- and interobserver reliability was assessed using Lin’s concordance correlation coefficient (CCC).25 A CCC value of 1 indicates
perfect agreement; values <0.5 were considered to
be poor agreement, values between 0.5 and 0.7 to be
moderate agreement, and values >0.7 to be good to
excellent agreement. In all instances, the mean values
of the multiple measurements obtained on each CMR
(2 from the first investigator and 1 from the second
investigator) were used to represent the agreement
statistics of interest. Agreement was also assessed using Bland–Altman analysis,26 providing the mean difference between measurements (d=bias), the standard deviation (SD) of the differences, and the limits
of agreement (d ± 1.96SD, where SD=standard deviation of the differences).26
The axial TSE and SSFP images were compared
for the presence and extent of artifacts and the certainty in delineatinig the RVOT. Cohen’s kappa val(Hellenic Journal of Cardiology) HJC • 111
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ues were calculated to evaluate the degree of agreement among the readers in the assessment of image
quality.
Analysis was performed using SPSS statistical
software (version 14.0, SPSS Inc., Chicago, Illinois).
A power calculation was performed on the first
10 subjects (two-sided paired t-test performed with
SAS, version 8.2 software; SAS Institute, Cary, NC)
in order to assess the sample sizes needed to establish statistical significance with a power of 90% (with
α=0.05), for differences in RVOT area of 0.22 for the
comparison of RVOT area on axial TSE and axial SSFP images, differences in RVOT area of 0.26 for the
comparison of axial TSE and SAX SSFP images, and
differences of 0.4 for the comparison of axial RVOT
TSE and the new RVOT axis SSFP images. According to this calculation, the number of subjects needed

was 12 subjects for the comparison of axial TSE and
axial SSFP images, 8 subjects to compare axial TSE
with SAX SSFP images, and 44 subjects to compare
the axial TSE and the new RVOT axis SSFP images.
Results
Diagnostic quality data sets were obtained in all subjects. Table 1 shows the baseline characteristics of the
study population. Table 2 shows the values (mean ±
SD) of left ventricular ejection fraction and all RVOT area and diameter measurements, as well as the
body surface area (BSA) and height-adjusted values
for both men and women.
RVOT measurements on axial TSE (8.35 ± 1.36
2
cm ) and on the new RVOT axis SSFP images were
comparable (8.44 ± 0.07 cm2, p=0.99). They both re-

Table 1. Patient characteristics.

Age (y)
Height (m)
Weight (kg)
BMI (kg/m2)
BSA (m2)

All healthy volunteers
n=50

Male volunteers
n=24

Female volunteers
n=26

p-value
(female vs. male)

48.4 ± 24.0
1.70 ± 0.14
72.9 ± 12.0
25.1 ± 0.7
1.83 ± 0.21

44.3 ± 2.1
1.80 ± 0.03
80.2 ± 12.0
25.2 ± 4.2
1.98 ± 0.07

52.1 ± 2.1
1.63 ± 0.14
66.3 ± 11.3
25.1 ± 2.4
1.69 ± 0.21

0.1
<0.00001
0.00001
0.9
<0.00001

Abbreviations: BMI – body mass index; BSA – body surface area.

Table 2. Right ventricular outflow tract area and diameter measured by cardiac magnetic resonance.

LVEF (%)
axial TSE (cm2)
axial TSE / height (cm2/m)
axial TSE / BSA (cm/m2)
axial SSFP (cm2)
axial SSFP/ height (cm2/m)
axial SSFP / BSA (cm2/m2)
SAX SSFP (cm2)
SAX SSFP / height (cm2/m)
SAX SSFP / BSA (cm2/m2)
RVOT axis SSFP (cm2)
RVOT axis SSFP / height (cm2/m)
RVOT axis SSFP / BSA (cm2/m2)
RVOT diameter (mm)
RVOT diameter / height (mm/m)
RVOT diameter / BSA (mm/m2)

All healthy volunteers
n=50

Male volunteers
n=24

Female volunteers
n=26

p-value
(female vs. male)

62.7 ± 0.7
8.35 ± 1.36
4.92 ± 1.45
4.60 ± 1.68
10.22 ± 1.54
6.01 ± 0.14
5.62 ± 0.33
11.02 ± 1.93
6.34 ± 0.34
5.90 ± 0.09
8.44 ± 0.07
4.91 ± 0.78
4.60 ± 1.06
22.37 ± 0.30
13.04 ± 1.53
12.31 ± 2.22

62.6 ± 10.6
8.48 ± 0.99
4.75 ± 0.60
4.29 ± 0.33
10.51 ± 0.21
5.89 ± 0.02
5.33 ± 0.27
10.90 ± 0.49
6.12 ± 0.17
5.52 ± 0.41
8.70 ± 1.06
4.89 ± 0.69
4.42 ± 0.66
24.85 ± 3.18
13.30 ± 1.90
11.54 ± 1.10

62.8 ± 14.9
8.24 ± 0.92
5.07 ± 0.34
4.89 ± 0.21
9.94 ± 1.48
6.11 ± 0.70
5.89 ± 0.13
10.37 ± 0.92
6.38 ± 0.34
6.15 ± 0.19
8.04 ± 1.29
4.93 ± 0.77
4.76 ± 0.54
23.13 ± 2.11
14.22 ± 0.30
13.74 ± 0.43

0.9
0.5
0.2
0.01
0.2
0.4
0.03
0.3
0.4
0.03
0.1
0.8
0.03
0.7
0.1
<0.0001

BSA – body surface area; CMR – cardiac magnetic resonance; LVEF – left ventricular ejection fraction; RVOT– right ventricular outflow tract; SAX– short
axis; TSE – turbo spin echo; SSFP – steady state free precession.
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vealed significantly smaller values than those on SAX
SSFP slices (11.02 ± 1.93 cm2, p<0.0001) and on axial
SSFP slice (10.22 ± 1.54 cm2, p<0.0001). The absolute
as well as the height-adjusted values for RVOT area
and diameter measurements did not differ significantly
between women and men. However, after indexing to
BSA, the values for all measurements became statistically significant, as women were significantly shorter (1.63 ± 0.14 m vs. 1.80 ± 0.03 m, p<0.00001) and
had a significantly lower body weight than men (66.3

± 11.3 vs. 80.2 ± 12.0 kg, p=0.00001). Table 3 lists the
normal ranges for the RVOT area and diameter measurements and the indexed parameters.
The intraobserver reliability was excellent for the
measurement of the RVOT area using axial SSFP or
RVOT axis SSFP, yielding similarly high CCCs, small
mean differences and narrow limits of agreement
(Table 4). Measurement of RVOT area on axial TSE
revealed moderate CCCs and larger values of mean
difference and limits of agreement than axial SSFP or

Table 3. Normal range of right ventricular outflow tract area and diameter.
All healthy volunteers
n=50

Male volunteers
n=24

5.90–11.30
3.60–6.97
3.38–6.33
6.50–13.60
3.69–8.40
3.29–8.00
7.60–14.30
4.37–8.82
4.00–8.67
6.00–11.0
3.60–6.40
3.00–5.94
17.20–27.40
10.74–18.27
9.71–17.13

6.80–11.00
3.72–6.29
3.38–5.79
6.90–13.60
3.69–7.64
3.29–7.11
8.00–14.30
4.37–8.67
4.00–7.94
7.00–11.00
3.81–6.40
3.03–5.78
20.00–27.30
10.74–15.70
9.71–14.21

Axial TSE (cm2)
Axial TSE / height (cm2/m)
Axial TSE / BSA (cm/m2)
Axial SSFP (cm2)
Axial SSFP/ height (cm2/m)
Axial SSFP / BSA (cm2/m2)
SAX SSFP (cm2)
SAX SSFP / height (cm2/m)
SAX SSFP / BSA (cm2/m2)
RVOT axis SSFP (cm2)
RVOT axis SSFP/ height (cm2/m)
RVOT axis SSFP / BSA (cm2/m2)
RVOT diameter (mm)
RVOT diameter/ height (mm/m)
RVOT diameter/ BSA (mm/m2)

Female volunteers
n=26
5.90–11.30
3.60–6.97
3.65–6.33
6.50–13.60
4.17–8.40
4.33–8.00
7.60–13.40
4.47–8.77
4.52–8.72
6.00–10.00
3.63–6.25
3.80–5.92
17.20–27.40
11.03–18.27
11.25–17.13

BSA – body surface area; CMR – cardiac magnetic resonance; RVOT – right ventricular outflow tract; SAX – short-axis; TSE – turbo spin echo; SSFP –
steady state free precession.

Table 4. Intra- and interobserver reliability.

Axial TSE
Axial SSFP
SAX SSFP
RVOT diameter
RVOT axis SSFP

CCC (95%CI)
d ± SD
ULA / LLA
CCC (95%CI)
d ± SD
ULA / LLA
CCC (95%CI)
d ± SD
ULA / LLA
CCC (95%CI)
d ± SD
ULA / LLA
CCC (95%CI)
d ± SD
ULA / LLA

Intraobserver reliability

Interobserver reliability

0.61 (0.40–0.78)
-0.15 ± 0.49
+0.82 / -1.12
0.97 (0.95–0.98)
-0.002 ± 0.07
+0.14 / -0.14
0.28 (0.03–0.51)
-0.44 ± 2.26
+4.00 / -4.87
0.59 (0.40–0.73)
+0.56 ± 1.48
+3.47 / -2.35
0.96 (0.94–0.98)
-0.04 ± 0.07
+0.10 / -0.18

0.30 (0.03–0.53)
+0.02 ± 1.06
+2.10 / -2.06
0.96 (0.93-0.98)
+0.10 ± 0.35
+0.79 / -0.60
0.06 (-0.22–0.33)
-0.09 ± 2.69
+5.18 / -5.35
0.38 (0.17–0.55)
-1.34 ± 2.6
+3.65 / -6.33
0.94 (0.92–0.96)
+0.08 ± 0.49
+0.89 /-1.10

BSA – body surface area; CCC – Lin’s concordance correlation coefficient; CI – confidence interval; CMR – cardiac magnetic resonance; d – bias =
mean difference between two measurements; LLA – lower limit of agreement = d – 1.96SD; RVOT – right ventricular outflow tract; SAX – short axis;
SD – standard deviation of the difference between two measurements; SSFP – steady state free precession; TSE – turbo spin echo; ULA – upper limit of
agreement = d + 1.96SD.
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RVOT axis SSFP. The delineation of the RVOT area
using SAX SSFP images had only a poor CCS, and
the highest mean difference and broadest limits of
agreement (Table 4). The determination of the RVOT diameter revealed moderate CCCs. Scatterplots
of intraobserver reliability for the four approaches to
measure the RVOT area are shown in Figure 4A.
The interobserver reliability was excellent for the
RVOT area measurement using axial SSFP or RVOT
axis SSFP images, as indicated by a high CCC, a small
absolute difference of mean differences, and low limits of agreement. The CCC agreement for the other
three approaches (axial TSE, SAX SSFP and RVOT
diameter) was poor (Table 4). Among these three approaches, RVOT area measurement using axial TSE
showed the lowest mean difference and the smallest
limits of agreement. Scatterplots of interobserver reliability for the four approaches to measure the RVOT
area are shown in Figure 4B.
Comparison of the subjective image quality between RVOT area measurement on axial SSFP and
TSE images showed that the overall delineation of
anatomical boundaries was significantly more accurate on SSFP images than on TSE images, as indicated by the significantly higher subjective image quality
scores of the SSFP images (4.0 ± 0.0 vs. 3.6 ± 1.4, respectively, p=0.00003, on a scale of 1 to 4). The calculated Cohen’s kappa values (Cohens kappa 0.79 for
TSE images and 1.0 for SSFP images) showed a good
level of agreement between the two reviewers.
Discussion
Our results showed that: 1) RVOT area values differ significantly according to the chosen approach in
normal volunteers; 2) there were no differences in
height-adjusted RVOT area measurements between
the sexes, but the BSA adjusted RVOT measurements differed significantly between men and women;
3) RVOT area measurements assessed on SAX SSFP
slices were significantly larger than on axial TSE and
on RVOT axis SSFP images, but were comparable to
axial SSFP images; 4) the axial TSE images were the
only measurements comparable to the RVOT axis
SSFP images; and 5) RVOT axis SSFP and the axial
SSFP images revealed the best intra- and interobserver reproducibility.
RVOT area measurement based on axial TSE
images is to date the most common used approach.
Several investigators have reported CMR values for
RVOT area in healthy controls. In a previous study
114 • HJC (Hellenic Journal of Cardiology)

by our group,18 the RVOT area on axial RVOT TSE
slices in 20 healthy controls was 9 ± 1 cm2. In a study
by Tandri et al11 the RVOT area on axial RVOT TSE
slices in 10 healthy controls was 9.3 cm2. Our present
results confirm this finding. Catalano et al, using another approach, namely SAX SSFP images,17 reported values of 12 ± 2 cm2 for the RVOT area measurement. In our study, we also obtained comparable results.
To better compare the existing approaches, in
the present study, we additionally acquired axial SSFP images in the same image plane orientation as
the axial TSE images. When comparing the RVOT
area measurements of axial TSE and SSFP datasets,
we found that the difference in the applied sequence
resulted in diverging results, despite the same plane
orientation. This difference may be explained as follows. Firstly, retrospectively gated SSFP images allow coverage of the entire cardiac cycle, including the
late diastole, and thus are supposed to be more accurate in volume and function assessment than prospectively triggered sequences. TSE images were also obtained in diastole. However, depending on the stability of the RR-intervals, TSE images are not necessarily completely acquired at late end-diastole and thus
possibly result in significantly smaller RVOT areas
than measurements at the same image position using SSFP imaging. Secondly, SSFP imaging compared
with TSE imaging allows a better definition of the endocardial borders. This fact results in a significantly
improved subjective image quality and facilitates the
delineation of the RVOT borders compared to TSE
images.
Additionally, our results showed that RVOT area
measurements based on double oblique SAX images
were comparable to those obtained on the axial RVOT SSFP images, which were both planned according
to the cardiac axis. This finding is in line with the results by Alfakih et al,27 who also found similar values
for RV stroke volumes measured by the axial and the
SAX method.
Catalano et al17 also reported values for RVOT
diameter (25 ± 3 mm) that are comparable with our
RVOT diameter measurements. The above described
data show clearly that RVOT area measurements differ according to the chosen approach. Furthermore,
the approaches existing so far cannot guarantee to
section the RVOT axis orthogonally. These difficulties emphasize the need for a standardized method of
measuring RVOT dimensions.
Therefore, we introduced a new approach, using

CMR to Measure Right Ventricular Outflow Tract

axial RVOT TSE

10

CCC=0.61
(0.40-0.78)

5

0

5

CCC=0.28
(0.40-0.51)

5

5

10

First Measurement

15

20

20

15
10

CCC=0.30
(0.03-0.53)

5
0

0

5

10

15

First Observer Measurement
SAX SSFP

20
15
10

CCC=0.06
(-0.22-0.33)

5
0

0

5

10

CCC=0.97
(0.95-0.98)

5

0

5

15

First Observer Measurement

10

First Measurement

15

20

RVOT axis SSFP

15
10

CCC=0.95
(0.97-0.98)

5
0

20

axial RVOT TSE

20

10

20

10

0

15

0

20

Second Measurment

Second Measurement
Second Observer Measurement

First Measurement

15

15

0

Second Observer Measurement

10

SAX SSFP

20

B

Second Measurment

15

0

axial RVOT SSFP

20

Second Observer Measurment

Second Measurement

20

Second Observer Measurment

A

0

5

10

First Measurement

15

20

axial RVOT SSFP

20
15
10

CCC=0.96
(0.93-0.98)

5
0

0

5

10

15

First Observer Measurement

20

RVOT axis SSFP

20
15
10

CCC=0.94
(0.92-0.96)

5
0

0

5

10

15

First Observer Measurement

20

Figure 4. A: Intraobserver agreements of the RVOT area measurements. Scatterplots of RVOT area measurements using axial TSE, axial
SSFP, SAX SSFP and RVOT axis SSFP between two observations by the first investigator, shown with 45° lines of concordance and CCC
(95% CI). B: Interobserver agreements of the RVOT area measurements. Scatterplots of RVOT area measurements using axial TSE, axial
SSFP, SAX SSFP and RVOT axis SSFP between two observers, shown with 45° lines of concordance and CCC (95% CI). Measurements
are expressed in centimeters per square meter. CCC – Lin’s concordance correlation coefficient; CI – confidence interval; RVOT – right
ventricular outflow tract; SAX – short axis; SSFP – steady state free precession; TSE – turbo spin echo.
(Hellenic Journal of Cardiology) HJC • 115

C. Doesch et al

SSFP images planned perpendicular to the RVOT
axis (RVOT axis SSFP; Figure 1). Comparison of the
RVOT area measurements using RVOT axis SSFP
images to the axial SSFP or the SAX SSFP images
resulted in significantly different values. These differences are due to the fact that only the RVOT axis
SSFP images are planned orthogonally to the RVOT
axis. The different approaches dissect the RVOT at
different angles, as illustrated in Figure 5.
In our study population, values of RVOT measurements on axial TSE images and on the new RVOT axis SSFP images were comparable, and both were
on average 2 cm2 smaller than those on the axial SSFP images. Interestingly, the difference in the RVOT area measurements due to the different sequence
techniques (TSE vs. SSFP) neutralizes the difference
caused by the different axis orientation (gross cardiac
anatomy [axial SSFP] vs. RVOT axis [RVOT axis SSFP]) resulting in comparable RVOT measurements for
the axial TSE and the RVOT axis SSFP images in our
healthy population. However, this observation may be
an incidental finding which only holds true in healthy
subjects and not necessarily in diseased RVOTs.
The clinical value of a specific analysis method
is determined not only by the accuracy, but also by

the reliability of the measurements. Analysis of intraand interobserver reliability showed that RVOT area
measurements based on SAX images had the lowest
reproducibility. This is due to the fact that measurements on SAX images are more complex and require
several steps, even when experienced observers perform the tracing. The same applies to the RVOT diameter measurement. This approach requires the determination of the anterior-posterior diameter perpendicular to the assumed long axis of the RVOT.
Thus, these two methods are more susceptible to variances, which are reflected in a larger intra- and interobserver variability compared to the axial methods. RVOT area assessment on axial slices only requires outlining the depicted RVOT area. Comparing the inter- and intraobserver reproducibility of the
RVOT area measurements obtained on axial TSE
and axial SSFP images revealed a better intra- and
interobserver agreement for the axial SSFP images.
This difference accounts for the easier delineation
of the RVOT borders using the SSFP sequence compared to TSE ones, because of the better blood–myocardium demarcation with fewer artifacts. The RVOT axis SSFP approach also uses the favorable SSFP
imaging technique and requires circling the clearly
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Figure 5. Angles of RVOT sectioning according to the chosen approach. RVOT area on axial TSE (A), axial SSFP (B), SAX SSFP (C) and
the RVOT axis SSFP (D). The angle at which the different approaches (A-D) section the RVOT is illustrated on the RVOT axis view (E)
and the RV 3-chamber view (F). The black line indicates the RVOT axis. RVOT– right ventricular outflow tract; SAX – short axis; SSFP –
steady state free precession; TSE – turbo spin echo.
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defined RVOT area. For these reasons, the axial SSFP and the RVOT axis SSFP approach equally revealed the best inter- and intraobserver reliability.
RVOT area in the axial plane, while adequate in
the normal volunteers examined in our study, may not
necessarily convey the extent of RVOT conformational alterations in patients with diseases or operated congenital heart disease. In the latter patients, the
RVOT axis with respect to the body’s central axis may
be quite different than in normal volunteers. Further
alterations in the relative axis during progression of
the underlying disease may be reason enough to pursue imaging in a plane determined by the RVOT axis
itself rather than the cardiac axis. Furthermore, using
the new approach it is possible to exactly determine
not only the RVOT area, but also RVOT volumes
and function, using the summation of slices method.
Therefore, even though the RVOT axis SSFP images
are somewhat more complex and time-consuming to
plan, we recommend this approach for measuring the
RVOT area in daily clinical routine.
Limitations
Since we did not obtain serial scans in the same person, no statement can be made regarding interstudy
reproducibility. However, by trying to define the assessment of the RVOT area in as detailed a way as
possible, with fixed landmarks for sectional planning,
our study proposes a rather standardized measurement protocol for the assessment of the RVOT area,
which should guarantee a high interstudy reproducibility.
Conclusion
RVOT area measurements differ significantly depending on the imaging plane and technique in normal volunteers. Axial SSFP and RVOT axis SSFP
measurements resulted in the best intra- and interobserver reproducibility. In view of the excellent intraand interobserver reliability and the precise image
plane positioning, we recommend the new RVOT axis approach for dedicated RVOT measurements.
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