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ABSTRACT
Background: Right ventricular (RV) restrictive physiology is a condition caused by the chronic
elevation of systolic pressure in the RV, which is typically found in patients with
tetralogy of Fallot (ToF) who had undergone total surgical correction and can be
diagnosed either via cardiac magnetic resonance imaging (CMR) or finding the RV enddiastolic forward flow (EDFF) via echocardiography. We aimed to assess the relationship
between RV restrictive physiology with myocardial fibrosis and functional indices on
CMR, along with exercise capacity and diastolic dysfunction indicators measured by
transthoracic echocardiography (TTE).
Methods: All patients with a history of the total correction of ToF at childhood who referred to
our center for the evaluation of postoperative severe pulmonary regurgitation were
included. All the patients were examined using electrocardiography, the exercise test,
TTE, and late gadolinium enhancement (LGE) CMR.
Results: Among the study population, 17 (56.7%) patients were found to have RV EDFF on their
echocardiograms, while 18 (60.0%) had RV restrictive physiology on their CMR. The 2
diagnostic modalities had a moderate significant agreement for the diagnosis of RV
restrictive physiology (Kappa = 0.521, P= 0.004). There was a significant difference
between the patients with or without RV restrictive physiology based on CMR findings
regarding the QRS duration (P = 0.015), Sm (P = 0.045), and the RV end-diastolic
volume index (P = 0.036).
Conclusions: TTE may be a good alternative for the evaluation of RV restrictive physiology
after the total correction of ToF. However, RV restrictive physiology measured by CMR
and RV EDFF measured by echocardiography could not correlate with quantitative RV
myocardial fibrosis measured by LGE CMR. (Iranian Heart Journal 2020; 21(3): 78-88)
KEYWORDS: Right ventricular restrictive physiology, Tetralogy of Fallot, Echocardiography, Cardiac magnetic
resonance imaging

78



1

Rajaie Cardiovascular Medical and Research Center, Iran University of Medical Sciences, Tehran, IR Iran.
Heart Valve Disease Research Center, Rajaie Cardiovascular Medical and Research Center, Iran University of Medical Sciences, Tehran, IR Iran.
3
Imam Khomeini Hospital Complex, Tehran University of Medical Science, Tehran, IR Iran.
2

*Corresponding Author: Shahin Rahimi, MD; Rajaie Cardiovascular Medical and Research Center, Iran University of Medical Sciences,
Tehran, IR Iran.
Email: shahinrahimi566@gmail.com
Received: July 22, 2019

Accepted: September 19, 2019

T

etralogy of Fallot (ToF) is the most
common cause of cyanotic congenital
heart disease (CHD), accounting for
approximately 10% of all cases. 1 It occurs
in 3 to 6 infants for every 10 000 births and
is typically sporadic and nonfamilial. 2 A
male preponderance has also been observed
in patients diagnosed with ToF. 3
The ideal treatment for infants born with ToF
is the complete surgical correction, which was
first introduced in 1955. 4 Due to significant
improvements in the surgical techniques
applied for this condition, the surgery is now
performed at earlier ages without any
significant change in the rates of mortality and
re-intervention. 5,6 Additionally, the mid- and
long-term outcomes after the total correction
of tetralogy of Fallot (TFTC) remain excellent.
7,8
The number of patients with repaired ToF is
growing as they now survive into adulthood
9,10
; therefore more cases with late
complications associated with pulmonary
regurgitation (PR) are identified, 11,12
presenting
as
exercise
intolerance,
predisposition for arrhythmias, and increased
risk of sudden cardiac death due to right
ventricular (RV) enlargement and dysfunction.
13,14

In some patients with repaired ToF, the RV is
also affected by the chronic elevation of
systolic pressure and loses its compliance with
diastolic filling. RV diastolic dysfunction in
such cases is known as RV restrictive
physiology, which can be diagnosed either via
cardiac magnetic resonance imaging (CMR)
15,16
or via Doppler echocardiography
illustrating an end-diastolic forward flow
(EDFF). 17 The RV can be visualized in 3
dimensions throughout the cardiac cycle via
CMR, yielding a high accuracy rate in

functional assessment. This modality also
provides operator-independent phase velocityencoded data, which can be used for the
quantification of the blood flow in cases
affected with PR. 15,16 Moreover, late
gadolinium contrast enhancement (LGE)
CMR can also be used for the visualization of
myocardial fibrosis in the heart. 18-20
Therefore, CMR is currently considered the
reference standard for the evaluation of RV
performance and PR. Nonetheless, it has lower
widespread availability than does transthoracic
echocardiography (TTE), and there are some
conditions in which CMR cannot be
performed. Hence, it may be important to
determine the agreement between these 2
modalities in the diagnosis of RV restrictive
physiology in patients with repaired ToF.
Moreover, although a few studies have
assessed the relationship between the presence
of myocardial fibrosis and RV restrictive
physiology in patients with ToF, further
investigations into this correlation could be
beneficial, particularly since fibrosis has never
been assessed quantitatively.
In this regard, we sought to assess the
agreement between the findings of TTE with
those of LGE CMR in the diagnosis of RV
restrictive physiology, the relationship
between RV restrictive physiology and
myocardial fibrosis and functional indices
on CMR, along with exercise capacity and
diastolic dysfunction indicators on TTE.
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METHODS
Study Population and Protocol
In this cross-sectional study, all patients with a
history of TFTC at childhood who referred to
our center, Rajaie Cardiovascular Medical and
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Research Center, Tehran, Iran, for the
evaluation of postoperative severe PR between
January 2015 and December 2016 were
included. Surgery of TFTC includes the
shaving of the right ventricular outflow tract
(RVOT) and closure of ventricular septal
defects; still, some patients need trans-annular
patching of the pulmonary valve, which
predisposes them to the development of PR.
Informed signed consent forms were obtained
from all the patients. The institutional review
board of our center and local ethics committee
in Iran University of Medical Sciences
approved the study protocol. The inclusion
criteria were comprised of age above 10 years,
a history of TFTC, and severe PR based on
TTE findings. TTE was performed using a
4V1c transducer. Cases with other valvular
heart diseases and the presence of other
palliative shunts were excluded from the
study. The echocardiographic criteria for
severe PR were as follows: a jet width to
pulmonary annulus width ratio of more than
0.5, a short diastolic time, a short pressure half
time, and a long no-flow time. 21 The
exclusion criteria consisted of age below 10
years, moderate-to-severe stenosis or
regurgitation of the mitral or aortic valves,
residual pulmonary stenosis with a pressure
gradient of greater than 25 mm Hg on Doppler
echocardiography,
concomitant
atrioventricular septal defects, a double-outlet
RV of the Fallot type, pulmonary atresia with
a ventricular septal defect, ToF with absent
pulmonary valves, and a history of pulmonary
valve replacement. A total of 30 patients were
consecutively recruited; they underwent
proper
examinations
using
12-lead
electrocardiography (ECG), the exercise test
via the Bruce protocol, TTE, and LGE CMR.
The mean heart rate during TTE and CMR
was 78 and 75 bpm, respectively. The QRS
duration was measured from surface ECG by
a blinded cardiologist. A fragmented QRS was
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defined as notching of the R or S wave or the
R' wave in the presence of a narrow QRS.
Echocardiographic Examination
TTE was performed using the ACUSCON
Siemens SC2000 Ultrasound Device (Siemens
Healthcare, Erlangen, Germany). Restrictive
RV physiology was defined as a forward
pulmonary flow in late diastole present
throughout the respiratory cycle. The
parameters
recorded
during
the
echocardiographic examination comprised
tricuspid annular plane systolic excursion
(TAPSE) at the lateral tricuspid annulus; peak
systolic velocity at myocardial segments (RVSm) at the lateral tricuspid annulus; EDFF,
defined as the gradient between the early peak
and the early end Doppler curve of PR; the Tei
index, calculated by the ratio of the
isovolumic relaxation time + the isovolumic
contraction time/the ejection time; the E/A of
the tricuspid valve (the ratio of the early-tolate diastolic flow within the lateral tricuspid
annulus); and the E/eʹ ratio of the tricuspid
valve (the ratio of the maximum flow velocity
at the beginning of ventricular filling to the
flow velocity at the beginning of diastole
within the lateral tricuspid annulus). The
normal reference limits of E/A, E/e', and Tei
index using tissue Doppler were less than 0.8
or greater than 2.1, less than 6, and 0.55,
respectively. 22 Additionally measured were
dp/dt, calculated as 12/time required for the
TR jet to increase from 1 to 2 m/s; the systolic
(S) fraction of the flow across the pulmonary
valve (the ratio of the velocity-time integral of
the pulmonary vein systolic fraction to the
sum of both systolic and diastolic vein waves);
and pulmonary artery systolic pressure. The
normal limit of dp/dt was considered to be
greater than 400 mm Hg/s. 22
Cardiac Magnetic Resonance Imaging
The Avanto SIEMENS 1.5T (Siemens
Healthcare, Erlangen, Germany) was used to



obtain cine, pulmonary flow velocity
mapping, and LGE CMR images. The time
interval between the performance of the
echocardiographic examination and CMR was
less than 2 days in all the patients. The right
ventricular end-diastolic volume (RVEDV),
the right ventricular end-systolic volume
(RVESV), and the right ventricular ejection
fraction (RVEF) were determined according to
the cine images acquired in the right RVOT
plane, the oblique transverse plane, and the
left ventricular short-axis plane. The forward
flow across the pulmonary valve during atrial
contraction was considered to be the presence
of restrictive physiology. Nevertheless, even
in normal subjects, the movement of the
pulmonary valve during atrioventricular
displacement causes a slight forward flow in
late diastole. Therefore, the mean percentage
of the forward flow during atrial contraction in
healthy subjects plus 2 standard deviations
(SDs) was set as the threshold (2.5%) for
normal RV physiology and values above this
figure were considered to be restrictive
physiology.
LGE CMR images were also acquired in the
same plane as cine CMR for the
visualization of myocardial fibrosis. The
images were obtained 10 to 20 minutes after
intravenous administration of a gadoliniumbased contrast agent, either gadoliniumDOTA or gadolinium-DTPA, at a dosage of
0.2 mmol/kg.
The parameters measured by CMR
comprised the right atrial area, the RVEF,
the right ventricular end-diastolic volume
index (RVEDVi), the right ventricular endsystolic volume index (RVESVi), RV
restrictive physiology, the pulmonary artery
size (proximal and distal), the left
pulmonary artery size (origin and hilum), the
right pulmonary artery size (origin and
hilum), fibrosis mass, myocardial mass,
fibrosis/myocardial mass and fibrosis in the
RVOT, basal anterior, mid-anterior, apical
anterior, basal inferior, mid-inferior, apical

inferior, septum, trabecular band, and the
insertion point.
Exercise Test
Functional capacity was reported in terms of
the estimated metabolic equivalents of task
(METs). The MET unit reflects the resting
volume oxygen consumption per minute
(VO2) for a 70-kg, 40-year-old man, with 1
MET equivalent to 3.5 mL/min/kg of the
body weight. Exercise testing was
performed for all the patients using the
standard Bruce protocol. 23 The indications
for the termination of the exercise test were
the same as those applied in routine practice.
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Statistical Analysis
The SPSS software for windows, version 22,
(IBM Corp, Armonk, NY, USA) was used for
data analysis. The qualitative and quantitative
variables were presented as frequencies
(percentages) and the mean (SD), respectively.
The χ2 test and the Fisher exact test were
employed to assess the correlation between the
qualitative variables. The Student t-test was
also utilized for the quantitative parameters. A
P value of less than 0.05 was considered
statistically significant in all the analyses.
RESULTS
The study population was comprised of 30
patients at a mean age of 26.5 ± 9.3 years (14
to 45 y). Men accounted for 56.7% (n =17) of
the study patients. A mean time of 20.2 ± 8.3
years had passed from TFTC (8–39 y). Table
1 presents all the variables evaluated in the
study
population.
Echocardiography
demonstrated that 17 (56.7%) patients had
EDFF, while CMR showed that 18 (60.0%)
patients had RV restrictive physiology. LGE
CMR showed RVOT fibrosis in all the
patients: 16 (53.3%) in the basal anterior area,
16 (53.3%) in the mid-anterior fibrosis, and 9
(30.0%) in the apical anterior region. One
(3.3%) patient had fibrosis in the basal inferior
area.
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Table 1: Results regarding all the evaluated variables
in the whole sample population
Variable
Value
Age (y)
26.5 ± 9.3
Sex (male/female)
17/13
2
Body surface area (m )
1.7 ± 0.2
Postoperative duration (y)
20.2 ± 8.3
Exercise Test and Electrocardiogram
METs (kcal/kg.h)
11.5 ± 2.6
QRS duration (ms)
151.0 ± 15.6
QRS fragmentation
20 (66.7%)
Echocardiographic Parameters
EDFF
17 (56.7%)
TAPSE (mm)
16.4 (2.6)
Sm (cm/s)
10.0 (1.9)
Tei index
0.5 (0.2)
E/A TV
1.2 (0.5)
E/E' TV
4.7 (2.0)
dp/dt
414.1 (282.4)
S fraction
0.5 (0.1)
PASP (mm Hg)
35.3 (8.2)
Cardiac Magnetic Resonance Imaging
RV restrictive physiology
18 (60.0%)
3
RA area (cm )
19.4 (3.8)
RVEF
35.6 (6.3)
RVEDVi
176.7 (55.5)
RVESVi
112.1 (44.3)
PA proximal size (mm)
29.5 (8.8)
PA distal size (mm)
25.0 (6.6)
Left PA origin size (mm)
15.3 (6.0)
Left PA hilum size (mm)
19.9 (5.6)
Right PA origin size (mm)
16.7 (4.9)
Right PA hilum size (mm)
17.7 (4.5)
Fibrosis mass (g)
8.0 (5.6)
Myocardial mass (g)
91.0 (26.1)
Fibrosis/Myocardial mass (%) 8.5 (5.5)
RVOT fibrosis
30 (100.0%)
Basal anterior fibrosis
16 (53.3%)
Mid-anterior fibrosis
16 (53.3%)
Apical anterior fibrosis
9 (30.0%)
Basal inferior fibrosis
1 (3.3%)
Mid-inferior fibrosis
0 (0.0%)
Apical inferior fibrosis
0 (0.0%)
Septum fibrosis
0 (0.0%)
Trabecular band fibrosis
0 (0.0%)
Insertion point fibrosis
0 (0.0%)
Data are presented as the mean ± the standard
deviation (SD) or numbers (percentages).
METs, Estimated metabolic equivalents of task;
PASP, Pulmonary artery systolic pressure; RV, Right
ventricle; EF, Ejection fraction: RVEDVi, Right
ventricular end-diastolic volume index; RVESVi, Right
ventricular end-systolic volume index; PA, Pulmonary
artery; RVOT, Right ventricular outflow tract
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Table 2 presents the qualitative classifications
for the parameters measured in the exercise
test or echocardiography. The majority of the
subjects (90.0%) had excellent functional
capacity (METs ≥ 10); in the rest of the patient
(10%), functional capacity was found to be
good (7 ≥ METs > 10). All the patients had
QRS durations longer than 120 ms, which is
considered prolonged. Considering a TAPSE
value of more than 16 mm as the normal
reference, moderate RV dysfunction was
found in 11 (36.7%) patients. Peak systolic
velocity at myocardial segments was also
normal (Sm ≥10 cm/s) in 12 (40.0%) patients,
whereas it was abnormal (Sm <10 cm/s) in 18
(60.0%). The myocardial performance index
was found to be normal (Tei index ≤ 0.54) in
21 (70.0%) patients, while it was abnormal
(Tei index >0 .54) in 9 (30.0%). The RV
function was determined based on the E/A and
E/eʹ indices. In this regard, normal RV
function (E/eʹ < 6 and 0.8 ≤ E/A < 2.1),
impaired RV relaxation (E/eʹ < 6 and E/A <
0.8), pseudo-normal function (6 ≤ E/eʹ and 0.8
≤ E/A < 2.1), and restrictive RV function (6 ≤
E/eʹ and 2.1 ≤ E/A) were found in 43.3%,
26.7%, 23.3%, and 6.7% of the cases. Normal
dp/dp (≥ 400 mm Hg/ms) and abnormal dp/dt
(< 400 mm Hg/ms) were found in 36.7% and
63.3% of the study population, respectively.
The S fraction was normal (S ≥ 0.55) in 80.0%
of the cases. The other parameters are
summarized in Table 2.
Table 2: Qualitative classifications of the parameters
measured in the exercise test or echocardiography
Variables
Value
METs
excellent
27 (90%)
good
0 (0%)
intermediate
3 (10%)
TAPSE
normal
3 (10%)
mild
16 (53.3%)
moderate
11 (36.7%)
severe
0 (0%)
Sm
normal
12 (40%)



abnormal
Tei Index
normal
abnormal
RV Function
normal
impaired relaxation
pseudo-normal
restrictive
dp/dt
normal
abnormal
S Fraction
abnormal
normal
RVEF
mild
moderate
severe
RVEDVi
normal
mild
moderate
severe
very severe
RVESVi
normal
mild
moderate
severe
very severe
PA Size
normal
abnormal
Left PA Size
normal
abnormal
Right PA Size
normal
abnormal

18 (60%)
21 (70%)
9 (30%)
13 (43.3%)
8 (26.7%)
7 (23.3%)
2 (6.7%)
11 (36.7%)
19 (63.3%)
24 (80%)
6 (20%)
13 (43.3%)
14 (46.7%)
3 (10%)
2 (6.7%)
2 (6.7%)
2 (6.7%)
4 (13.3%)
20 (66.7%)
0 (0%)
1 (3.3%)
1 (3.3%)
5 (16.7%)
23 (76.7%)
14 (46.7%)
16 (53.3%)
17 (56.7%)
13 (43.3%)
18 (60%)
12 (40%)

METs, Estimated metabolic equivalents of task;
PASP, Pulmonary artery systolic pressure; RV, Right
ventricle; EF, Ejection fraction; RVEDVi, Right
ventricular end-diastolic volume index; RVESVi, Right
ventricular end-systolic volume index; PA, Pulmonary
artery; RVOT, Right ventricular outflow tract; TAPSE,
Tricuspid annular plane systolic excursion
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The agreement between echocardiography
and CMR in the diagnosis of RV restrictive
physiology was also assessed. The data are
depicted in in Table 3. A moderately
statistically significant agreement was
observed between the 2 diagnostic methods
(Cohen’s Kappa = 0.521, P = 0.004). If
considering CMR as the gold standard,
echocardiography had a sensitivity of
77.8%, a specificity of 75%, a positive
predictive value of 82.3%, a negative
predictive value of 69.2%, and a total
accuracy of 76.7% for the diagnosis of RV
restrictive physiology in our patients with
repaired ToF. The patients were also
compared in 2 groups according to the
presence of RV restrictive physiology
measured on CMR imaging. As is presented
in Table 4, the QRS duration (P = 0.015),
the QRS fragmentation (P = 0.018), and
RVEDVi (P = 0.050) were found to be
significantly higher among the patients with
RV restrictive physiology, while Sm (P =
0.045) was significantly lower in these
patients. The ECG data had no impact in our
study, and the ECG measures were reported
merely as co-findings.
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Table 3: Agreement between echocardiography and
CMR findings in the diagnosis of RV restrictive
physiology
RV
Physiology
Negative
Negative 9
EDFF
Positive
3
Total
12

Restrictive

Agreement

Total
Positive
4
14
18

13
17
30

CMR, Cardiac magnetic resonance imaging; RV,
Right ventricle; EDFF, End-diastolic forward flow
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Table 4: Comparisons between the 2 groups of positive and negative RV restrictive physiology
RV restrictive physiology
Demographic characteristic
P value
Negative
Positive
(n=12)
(n=18)
Gender (male/female)
6/6
11/7
0.547
Age (y)
28.2 (9.8)
25.4 (9.1%)
0.427
2
Body surface area (m )
1.8 (0.2)
1.7 (0.1)
0.185
Postoperative duration (y)
21.5 (9.1)
19.3 (8.0)
0.498
Exercise Test and Electrocardiogram
METs (kcal/kg.h)
11.4 (3.2)
11.6 (2.3)
0.853
QRS duration (ms)
142.5 (14.8)
156.7 (13.7)
0.015
QRS fragmentation
5 (41.7%)
15 (83.3%)
0.018
Echocardiographic Parameters
TAPSE (mm)
16.2 (3.4)
16.6 (2.0)
0.752
Sm (cm/s)
10.9 (2.0)
9.4 (1.5)
0.045
Tei index
0.4 (0.2)
0.5 (0.2)
0.118
E/A TV
1.2 (0.5)
1.2 (0.5)
0.967
E/E' TV
3.9 (2.0)
5.2 (1.9)
0.093
dp/dt
533.9 (335.2)
334.3 (215.5)
0.085
S fraction
0.5 (0.2)
0.4 (0.1)
0.253
PASP (mm Hg)
34.6 (7.8)
35.8 (8.6)
0.696
CMR
RA area (cm3)
18.9 (3.6)
19.7 (3.9)
0.597
RVEF
36.2 (7.6)
35.2 (5.5)
0.700
RVEDVI
154.4 (37.6)
191.5 (61.3)
0.050
RVESVI
99.2 (31.9)
120.8 (50.0)
0.159
PA proximal size (mm)
26.2 (7.7)
31.7 (9.0)
0.084
PA distal size (mm)
25.1 (6.9)
24.9 (6.6)
0.956
Left PA origin size (mm)
14.8 (4.4)
15.6 (6.9)
0.730
Left PA hilum size (mm)
20.7 (4.6)
19.4 (6.2)
0.523
Right PA origin size (mm)
16.9 (4.4)
16.6 (5.2)
0.840
Right PA hilum size (mm)
18.4 (3.1)
17.2 (5.3)
0.424
Fibrosis mass (g)
6.7 (5.1)
8.9 (5.9)
0.279
Myocardial mass (g)
82.2 (17.0)
96.9 (29.7)
0.096
Fibrosis/Myocardial mass (%)
7.9 (5.9)
8.9 (5.3)
0.630
RVOT fibrosis
12 (100.0%)
18 (100.0%)
1
Basal anterior fibrosis
6 (50.0%)
10 (55.6%)
0.765
Mid-anterior fibrosis
7 (58.3%)
9 (50.0%)
0.654
Apical anterior fibrosis
4 (33.3%)
5 (27.8%)
0.745
Basal inferior fibrosis
1 (8.3%)
0 (0.0%)
0.213
METs, Estimated metabolic equivalents of task; PASP, Pulmonary artery systolic pressure; RV, Right
ventricle; EF, Ejection fraction; RVEDVi, Right ventricular end-diastolic volume index; RVESVi, Right
ventricular end-systolic volume index; PA, Pulmonary artery; RVOT, Right ventricular outflow tract; TAPSE,
Tricuspid annular plane systolic excursion

DISCUSSION
This study showed a significant but moderate
agreement between the presence of EDFF on
echocardiography and the visualization of the
forward flow during atrial contraction in
CMR as diagnostic clues for RV restrictive
84
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physiology in adolescents and adults with a
history of TFTC. Based on our LGE-CMR
data, RVOT fibrosis was present in all the
patients, while 16 (53.3%) had fibrosis in the
basal anterior area, 16 (53.3%) in the midanterior fibrosis, and 9 (30.0%) in the apical



anterior region. Additionally, 1 (3.3%)
patient had fibrosis in the basal inferior area.
On the other hand, none of the patients had
fibrosis in the mid-inferior or apical inferior
regions, the septum, the trabecular band, and
the insertion point. Accordingly, the
relationship between RVOT fibrosis and RV
restrictive physiology could not be assessed
in these patients, and fibrosis in the other
evaluated areas did not have any correlation
with RV restrictive physiology. There were
no significant differences regarding fibrosis
mass and the ratio of fibrosis to myocardial
mass between the subjects with or without
RV restrictive physiology. Eventually, the
QRS duration, the QRS fragmentation, and
RVEDVi were found to be significantly
higher among the patients with RV restrictive
physiology, while Sm was significantly lower
in these patients.
Our data chime in with other reported
findings in this regard. Rathore et al 24
assessed the effects of RV restrictive
physiology on exercise capacity and
arrhythmogenesis in 80 patients with ToF
after surgical repair and reported a lower but
not statistically significant maximum heart
rate, maximum predicted heart rate, and
functional capacity based on METs in their
patients with RV restrictive physiology. They
also found no significant correlation between
the presence of RV restrictive physiology and
exercise intolerance, which is compatible
with our findings. Moreover, Rathore and
colleagues reported no correlation between
RV restrictive physiology and the
development of arrhythmias, which is
different from our findings. This discrepancy
might be attributed to the lower age range of
the participants in their study.
Babu-Nyaran et al 25 scored LGE in the RV of
92 adult cases with a history of repaired ToF.
The distribution of fibrosis in our study is
compatible with that in the study by BabuNyaran and colleagues; however, they found
a correlation between the QRS duration as a
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risk factor for the development of arrhythmias
and myocardial fibrosis, which is incompatible
with our findings. This discrepancy could be
attributed to different methods applied for the
calculation of fibrosis. Babu-Nayaran et al
used a scale of 0 to 4 to score the percentage
of fibrosis in each region, while we recorded
LGE once as a dichotomous variable of the
presence or absence and once again as a
quantitative variable of the estimated fibrosis
mass in grams.
Whal et al 26 evaluated 93 patients with
repaired ToF with or without EDFF and
compared them with 12 normal subjects
using CMR regarding the timing of the flow
patterns of the pulmonary artery, the
ascending aorta, and the tricuspid and mitral
flow. They showed a significant delay in the
onset of the tricuspid inflow and a lower
tricuspid inflow E/A ratio in subjects with
EDFF by comparison with normal subjects.
Their findings are mostly incongruent with
our results as we did not find any significant
correlation between EDFF and neither METs
nor the E/A ratio. The difference in age of the
sample populations (average of 26.5 vs 13 y)
and the limited number of patients in our
study might have contributed to the observed
discrepancy between the 2 surveys.
Koestenberger et al 27 evaluated 131 patients
with ToF after surgical repair and compared
them with 252 age-matched healthy subjects
using TAPSE, RVEF, and RVEDVi. They
demonstrated a positive correlation between
TAPSE values and age in normal subjects, but
it was not low in infants and young children
with ToF compared with normal subjects.
They also found a significant reduction in
TAPSE values with increasing time after
surgical repair. The QRS duration was found
to have a significant positive correlation with
RVEDVi and a negative correlation with
RVEF. None of the associations between
TAPSE and the mentioned variables was
observed in our study. However, the
relationships between the QRS duration and

Iranian Heart Journal; 2020; 21 (3)

Myocardial Fibrosis and Restrictive Physiology in Patients With Repaired ToF

85


Iranian Heart Journal; 2020; 21 (3)
86

Alizadeh Sani et al

Myocardial Fibrosis and Restrictive Physiology in Patients With Repaired ToF

RVEF and RVEDVi were found in our study
as well. These correlations appear to be logical
since an increase in RVEDVi could lead to an
increase in the QRS duration, which in turn
can be associated with a decrease in RVEF
due to the dysfunction of the dilated RV in
pumping blood.
Munkhammar et al 28 evaluated 31 patients
with ToF and compared them with 12 healthy
children regarding RVOT fibrosis, RV
restrictive physiology, RV volume, and PR
using CMR and Doppler echocardiography.
They showed a correlation between RVOT
fibrosis measured by CMR and RV
restrictive physiology. We could not
demonstrate such a correlation, which may be
due to our smaller sample volume.

of severe PR was remarkably wide in our
study (8–39 y), which may explain the
absence of a correlation between fibrosis
and other CMR and echocardiography
features. We believe that serial evaluations
of patients at similar intervals could provide
valuable data in this setting.
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could not correlate with quantitative RV
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