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To the Editor: Nowadays, most infants with tetralogy of

Fallot (TOF) survive the initial surgical repair; however, ethics committee approved the review of medical records.

they continue to experience residual hemodynamic and
physiologic abnormalities in the follow-up.[1] Pulmonary
regurgitation (PR) is still recognized as the most common
complication that determines late outcomes. PR may result
in right ventricular (RV) dilatation and, ultimately, cardiac
dysfunction. Indicators of deterioration of clinical status
such as impaired exercise tolerance, ventricular arrhyth-
mia, and sudden cardiac death have all been associated
with chronic PR. The degree of PR is one of the most
important factors determining RV dysfunction; thus,
pulmonary valve replacement becomes necessary to retain
lower RV volumes, increase the RV systolic function, and
lower the mortality rates.[2] Cardiac magnetic resonance
(CMR) imaging is now recommended as the optimal
method to use in the follow-up of patients with TOF.[3] It
has been proven to be more accurate than transthoracic
echocardiography for the evaluation of RV function due
to the irregular RV cavity.[4,5] Indexed PR volume (PRVi)
and PR fraction (PRF) are the two main markers to be
measured; however, the optimal method for PR quantifi-
cation remains controversial. Previous studies have
recommended the use of PRVi and hypothesized that this
marker is better than PRF in reflecting RV preload.
However, PRVi is not widely used in clinical practice and
has not been the diagnostic standard for PR classification.
Accordingly, our study aimed to discover the optimal
index for the assessment of the degree of PR.

This retrospective study included 57 consecutive patients
with repaired TOF who had undergone CMR evaluations
from June 2008 to September 2017, and had evidence of
PR on echocardiography. All patients underwent trans-
thoracic echocardiography within 1 week of CMR. Each
patient or their guardians provided written informed
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The exclusion criteria included: (i) percutaneous or
surgical pulmonary valve replacement, (ii) more than mild
regurgitation of other cardiac valves except the pulmonary
valve, and (iii) intra- or extra-cardiac residential shunts.
Patient characteristics including age, sex, age at TOF
repair, and type of surgical repair were recorded.

All CMR studies were performed using a commercially
available 1.5-T scanner (Avanto; Siemens, Erlangen,
Germany) with an 8-element phased-array surface coil.
Volumetric analysis and two-dimensional phase-contrast
(PC) sequence in the main pulmonary artery were perform-
ed as previously reported.[6] The following parameters
were calculated: end-diastolic volume, end-systolic vol-
ume, and ejection fraction of the right and left ventricles.
The volume parameters of the right and left ventricles were
indexed using the body surface area. RV dilatation was
classified using indexed RV end-diastolic volume (RVEDVi):
mild RV dilatation (RVEDVi = 110–140 mL/m2), medium
RV dilatation (RVEDVi=141–170 mL/m2), and severe RV
dilatation (RVEDVi>170 mL/m2).[7]

The clinical characteristics and CMR results of all
remaining 57 patients are presented in Table 1. The
median PRVi and PRF were 27.09±18.67 mL·beat�1·m�2

and 32.98±16.17%, respectively. The correlation be-
tween PRVi and PRF was proved (r=0.690). Although a
strong correlation was seen between PRF and PRVi,
we also observed that significant variability existed in
individual patients. For instance, a PRF of 40% could
represent a PRVi of 18 or 38 mL·beat�1·m�2. On the
contrary, a PRVi of 48 mL·beat�1·m�2 could represent a
PRF of between 22% and 56%.

Both RVEDVi and RVESVi had moderate correlation with
PRVi (r=0.400/0.327, P=0.002/0.013); however, PRF
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did not show a significant correlation with RVEDVi and
RVESVi (r=0.105/0.081, P=0.439/0.551). The correla-

[AUC] of PRVi=0.705 vs. AUC of PRF=0.601, P=
0.026). The cutoff value of PRVi was 37 mL/beat/m2,Table 1: Characteristics of the study population and CMR results.

Characteristics Values

Total number (n) 57
Male 38
Female 19

Mean age of operation (months) 23.86±13.83
Mean age of CMR (months) 105.40±60.02
Period of follow-up (months) 81.53±54.97
MRI data
RVEDVi (mL/m2) 122.371±54.387
RVESVi (mL/m2) 67.169±37.671
RVEF (%) 47.791±10.983
LVEDVi (mL/m2) 67.806±18.237
LVESVi (mL/m2) 29.047±13.174
LVEF (%) 57.526±12.180
PRVi (mL·beat�1·m�2) 27.087±18.672
PRF (%) 32.979±16.173

CMR:Cardiacmagnetic resonance; LVEDVi: Indexed left ventricular end-
diastolic volume; LVEF: Ejection fraction of left ventricle; LVESVi:
Indexed left ventricular end-systolic volume; MRI: Magnetic resonance
imaging; PRF: Pulmonary regurgitation fraction; PRVi: Indexed pulmon-
ary regurgitation volume; RVEDVi: Indexed right ventricular end-
diastolic volume; RVEF: Ejection fraction of right ventricle; RVESVi:
Indexed right ventricular end-systolic volume.
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tion of PRVi or PRF with RV ejection fraction was slight.

When RV dilatation was classified into three subgroups,
mild (n=39), medium (n=5), and severe (n=13), a
considerably higher difference among the 3 groups was
noted in PRVi than in PRF (F=11.177, P<0.001 vs. F=
16.525, P<0.001). PRVi showed the ability to differenti-
ate mild from medium RV dilatation, whereas PRF did not
have this ability [Figure 1].

Patients with severe RVEDVi, PRVi showed better ability
to identify severe RV dilatation (area under the ROC curve
Figure 1: PRVi (A) and PRF (B) compared by RVEDVi criterion. PRF: Pulmonary regurgitation frac
diastolic volume.
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whereas the sensitivity and specificity were 0.615 and
0.818, respectively.

During the past decade, several studies have investigated
the indices of PR and proved a close correlation between
PRF and PRVi; however, which is the better index remains
debated. PRF has been commonly used in published TOF
studies and recommended for decision making on
pulmonary valve replacement; however, this parameter
has some limitations. The expression of a percentage
cannot reflect the exact volume backward. Henkens
proved that PRF was not related to RV dimensions; thus,
the timing of pulmonary valve replacement should be
based on RVESV and RV ejection fraction rather than
PRF.[4]Wald et al found that PRVi was better than PRF for
the identification of severe RV dilatation (AUC 0.83 vs.
0.71, P=0.003).[7] Meanwhile, PRF and PRVi are not
interchangeable. Wald et al suggested that PRF may
remain the same with different PRVis due to different
RV volumes.[7] This phenomenon was also seen in our
study.

The impact of PR overload on the RV relies on its grade
and duration. Chronic PR of more than a moderate degree
will increase RVEDV. Spiewak et al showed that PRVi
showed better ability than PRF in evaluating RV
dilatation, both in populations with and without RV
outflow tract obstruction (RVOTO).[8] Sakrana et al and
Gorter et al proposed that PRVi was better correlated with
RVEDV than was PRF.[9,10] Similar to previous reports,
our study showed that PRVi showed a good correlation
with RV volume measurements (RVEDVi and RVESVi)
and may be preferable to PRF. Meanwhile, PRVi also
performed superior to PRF in discriminating between
different extents of RV dilatation and is more appropriate
for the quantification of RV dilatation. Furthermore, based
on ROC analysis in patients with significant RVEDVi,
PRVi was a better predictor of significant RV dilatation
than PRF, with high sensitivity and specificity.
tion; PRVi: Indexed pulmonary regurgitation volume; RVEDVi: Indexed right ventricular end-
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The indications for pulmonary valve replacement in
repaired TOF are variable, including severe PR, abnormal
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cardiac function, decreased exercise intolerance, heart
failure symptoms, and severe arrhythmia.[3] Numerous
reports have extensively discussed about this topic, and
some indications remain debated.[11] Nevertheless, the
accurate evaluation of PR and RV dilatation is always
the most important factor overall, and it is prudent to
use the most reliable index in assessing the volume load
on the heart. We believe that PRVi can fulfill these
criteria, rather than PRF, especially for patients with larger
RV. In addition, an RV to left ventricular (LV) interaction
can cause subsequent LV dysfunction. At long-term
follow-up, about 25% of patients with repaired
TOF had LV dysfunction, and some researchers recom-
mended the use of the RV/LV ratio instead of RVEDVi.[6]

It has been proven that PRVi could also be used with the
RV/LV ratio, as the optimal combination for TOF
evaluation.[12]

In conclusion, PRVi and PRF have a good correlation with
each other; however, they are not interchangeable. PRVi
has a statistically significantly higher correlation with the
RV volume and can be a better marker of RV dilatation
than PRF. Now in our institution, we both check the PRF
and PRVi for RV function evaluation in reaired patients
with TOF, especially in those patients with large RV. We
thought PRVi could be a valuable supplement for a TOF
patient’s follow-up.
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