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ABSTRACT

INTRODUCTION  There are inconsistent data regarding the factors affecting left ventricular ejection frac-
tion (LVEF) and right ventricular ejection fraction (RVEF) in patients after tetralogy of Fallot (TOF) repair.
0BJECTIVES The aim of the study was to assess the determinants of LVEF and RVEF in a large cohort
of patients with repaired TOF.

PATIENTS AND METHODS  The study comprised 122 patients with repaired TOF (median age, 24.2 years;
interquartile range, 20.3-30.9; men, 60.6%) who had undergone cardiac magnetic resonance imaging
study. Predictors of LVEF, RVEF, and RVEF corrected for shunting or regurgitations (cRVEF) were identified
with the use of linear regression analyses.

RESULTS There was a weak correlation between RVEF and LVEF (r = 0.39, P <0.0001). A multiple
regression analysis revealed the following independent predictors of LVEF: positive predictor — RVEF (P =
0.0002); negative predictors — pulmonary regurgitation fraction (PRF, P = 0.01) and male sex (P = 0.001).
RVEF was predicted independently by positive predictors such as LVEF (P <0.0001) and LV end-diastolic
volume (LVEDV, P = 0.04) and negative predictors such as right ventricular mass (P <0.0001) and
number of previous cardiothoracic surgery interventions (P = 0.005). In the model predicting cRVEF,
only left ventricular mass was a positive predictor of cRVEF (P <0.0001), while right ventricular mass
(P <0.0001), PRF (P <0.0001), male sex (P <0.0001), and RV late gadolinium enhancement score
(P = 0.008) were negative predictors of cRVEF.

concLusions Because PRF was inversely and independently correlated with LVEF, and LVEDV showed
a positive and independent correlation with RVEF, left ventricular disease (low LVEF and LVEDV due to left
ventricular compression) may be used as a marker of the severity of right ventricular disease (pulmonary
regurgitation severity and its consequences). Further studies are needed to evaluate the role of LVEF and
LVEDV in supporting patient selection for pulmonary valve replacement.

INTRODUCTION  The advent of cardiac magnet-
ic resonance (CMR) imaging revolutionized our

understanding of the pathophysiology of the fail-
ing heart late after tetralogy of Fallot (TOF)
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repair." A negative ventricular—ventricular in-
teraction has been shown in this population of
patients suggesting that the left heart disease
may be a marker of the severity of the right heart
disease.””® However, there have been sparse and
inconsistent data regarding factors affecting left
ventricular (LV) ejection fraction (LVEF) and right
ventricular (RV) ejection fraction (RVEF) in this
population. In particular, the impact of pulmo-
nary regurgitation (PR) on LVEF and RVEF re-
mains ambiguous.?378 Accordingly, the aim of
the study was to assess factors associated with
LVEF and RVEF in a large cohort of patients af-
ter TOF repair.

PATIENTS AND METHODS Patients In our cen-
ter, cardiac magnetic resonance (CMR) imag-
ing study has become part of routine evaluation

in patients with repaired TOF and all these pa-
tients without contraindications for CMR imaging

are referred by treating physicians for the study.
We screened consecutive patients after TOF re-
pair who had undergone CMR imaging study from

June 2008 through end-January 2012. Between

June 2008 and mid-September 2011, we collect-
ed data retrospectively, and from mid-Septem-
ber 2011 on, we recruited patients prospectively.
Patients with pulmonary atresia and ventricular
septal defect (VSD) were excluded so that a ho-
mogeneous patient population could be achieved.
Additional exclusion criteria were: artifacts pre-
cluding either a reliable assessment of ventricu-
lar size and function or pulmonary artery flow,
incomplete CMR data set, incomplete echocar-
diographic study, known coronary artery disease,
and age at TOF repair of 18 years and older. When

more than 1 CMR imaging study was performed

in a given patient, only the initial study was in-
cluded in the analysis. The analysis was approved

by the local ethics committee. Each patient or par-
ents/guardians gave a written informed consent
for a CMR imaging study. The investigation con-
formed with the principles outlined in the Decla-
ration of Helsinki. Selected data on patients with

repaired TOF undergoing CMR imaging study in

our center were published previously.*"? In par-
ticular, we previously analyzed factors associated

with biventricular dysfunction in the same study
population (31 patients with biventricular dys-
function and 65 patients with normal biventricu-
lar systolic functions were selected out of a group

of 146 patient; unpublished data).

Cardiac magnetic resonance imaging  All patients
underwent a standard CMR imaging study
with the use of a 1.5 Tesla scanner (Avanto, Sie-
mens, Erlangen, Germany). A stack of short-
-axis breath-hold steady-state free precession im-
ages (typical imaging parameters: repetition time,
2.2 to 3.6 ms; echo time, 1.2 ms; flip angle, 64° to
79°; slice thickness, 8 mm; gap, 1.6 mm) served
for calculation of ventricular volumes and ejec-
tion fraction with the use of dedicated software
(MASS 6.2.1, Medis, Leiden, The Netherlands).

Manual delineation of endocardial and epicardi-
al contours was performed in end-diastolic and
end-systolic phases by 6 experienced observ-
ers. On the basis of these data, RV and LV end-
-diastolic volumes (RVEDV and LVEDV, respective-
ly), RV and LV end-systolic volumes (RVESV and
LVESYV, respectively), RV and LV masses, (RVM
and LVM, respectively), and RVEF and LVEF were
calculated. RVEDV, LVEDV, RVESV, LVESV, RVM,
and LVM were indexed for the body surface area
and expressed either in ml/m? or g/m?. Corrected
RVEF (cRVEF) was defined as a percentage calcu-
lated by dividing the net pulmonary flow by abso-
lute RVEDV." Trabeculations and papillary mus-
cles were included in the blood pool and excluded
from mass calculations.? PR fraction (PRF) and
aortic regurgitation (AR) fraction (ARF) were cal-
culated on the basis of a flow sensitive gradient
echo sequence (typical parameters: effective rep-
etition time, 9.4 ms; echo time, 2 ms; flip angle,
300°; slice thickness, 5 mm) with the use of dedi-
cated semi-automated software (Argus, Siemens,
Erlangen, Germany). The imaging plane was pre-
scribed perpendicularly to the vessel wall, and lo-
cated in the mid-point of the main pulmonary ar-
tery or conduit (for PRF) or at the level of the si-
notubular junction (for ARF). Significant PR was
defined as PRF of 20% or higher.? The presence of
the RV outflow tract (RVOT) aneurysm or akine-
sia was assessed as described previously.?

Data on inter- and intraobserver variability of
the measurements of ventricular volumes and PR
were published previously'*'? and were compara-
ble to those from other centers.'*'

The presence and extent of late gadolinium en-
hancement (LGE) was assessed with the use of
the previously described highly reproducible meth-
0ds.'®" Briefly, LV-LGE was scored in each LV seg-
ment from 0 to 5 points depending on the percent-
age of the myocardium occupied by LGE. RV-LGE
was scored in each of the 7 RV regions (anterior
wall of RVOT, RV anterior wall, RV inferior wall,
RV surface of septum, VSD patch region, trabec-
ular bands, inferior and superior RV-LV hinge
points) depending on the extent of LGE in each re-
gion."® The summation of the RV-LGE and LV-LGE
scores gave the total LGE score. LGE imaging was
performed 10 to 15 min after intravenous admin-
istration of 0.2 mmol/kg gadobutrol (Gadovist,
Bayer Pharma AG, Berlin, Germany).

Echocardiography  All patients underwent stan-
dard echocardiography with the commercially
available system. The maximal velocity across
RVOT was measured with the continuous-wave
Doppler, and peak instantaneous RVOT gradi-
ent was calculated using the Bernoulli equation.

Statistical analysis All continuous variables were
expressed as mean * standard deviation or as
median and interquartile range and were tested
for normal distribution with the use of the Kol-
mogorov-Smirnov test. A linear regression anal-
ysis was conducted to identify factors associated
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TABLE 1 Baseline characteristics and findings of imaging studies

median age at CMR imaging study, y 24.2 (20.3-30.9)
men, n (%) 74 (60.6)
median age at TOF repair, y 3.6 (2.3-5.8)
median time since initial correction, y 20.1 (16.4-25.0)
prior palliative shunt, n (%) 31(25.4)
time from first palliative shunt to TOF repair, y 0-10.0
patch, n (%) 69 (56.6)
type of TOF repair conduit, n (%) 12 (9.8)
details unknown, n (%) 41 (33.6)
median number of previous cardiothoracic surgeries 1(1-2)
RVOT aneurysm/akinesia, n (%) 55 (45.1)
any VSD, n (%) 24 (19.7)
significant VSD, n (%) 3(2.5)
RV-LGE, n (%) 82 (67.2)
median RV-LGE score 3(1-4)
RVEDV, ml/m? 159.8 +48.3
RVESV, ml/m? 87.9 =37.2
RVEF, % 46.2 +8.7
RVM (g/m?) 31.1 £94
LVEDV, ml/m? 90.0 £19.2
LVESV, ml/m? 389 124
LVEF, % 56.8 =6.7
LVM, g/m? 55.9 =11.9
PRF, % 27.2 =16.6
median ARF, % 1(0-2)
median peak RVOT gradient, mmHg 20 (12-35)

Data are presented as median (interquartile range) or number (percentage).

Abbreviations: ARF — aortic regurgitation fraction, CMR — cardiac magnetic resonance,
IQR — interquartile range, LVEDV — left ventricular end-diastolic volume, LVEF — left
ventricular ejection fraction, LVESV — left ventricular end-systolic volume, LVM - left
ventricular mass, PRF — pulmonary regurgitation fraction, RVEDV — right ventricular
end-diastolic volume, RVEF — right ventricular ejection fraction, RVESV — right ventricular
end-systolic volume, RV-LGE — right ventricular late gadolinium enhancement, RVYM —
right ventricular mass, RVOT — right ventricular outflow tract, TOF — tetralogy of Fallot,
VSD - ventricular septal defect

with LVEF and RVEF, and the Pearson correlation
coefficients were obtained.

Multiple regression was performed with
the following variables (candidate predictors)
entered into the model irrespective of the results
of the univariate analysis: age at TOF repair, palli-
ative shunt in history, time the patient remained
palliated, age at CMR imaging study, time since
initial correction, number of previous cardiotho-
racic surgeries, sex, RVOT aneurysm/akinesia,
PRE, peak RVOT gradient, ARF, presence of re-
sidual VSD, RVM, LVM, and RV-LGE score (data
on LV-LGE score were not entered because of
a small number of patients with positive LV-LGE
precluding reasonable analyses). Additionally, in
the case of the model predicting LVEF, we entered
such RV parameters to the model as: RVEF and
RVEDV (considering strong correlation between
RVEDV and RVESYV, only RVEDV was entered). In
the case of the model predicting RVEF, we entered
the following LV parameters: LVEF and LVEDV

(considering strong correlation between LVEDV
and LVESV, only LVEDV was entered). Given that
ejection fraction of the respective ventricle is cal-
culated on the basis of end-diastolic volume and
end-systolic volume of the ventricle, we did not
enter either LVEDV or LVESV into the multivari-
able model predicting LVEF. Similarly, neither
RVEDV nor RVESV were entered into the multi-
variable model predicting RVEEF. A separate model
was constructed for the prediction of cRVEE. Af-
ter entering all variables to the model, the vari-
ables that showed the least significant associa-
tions were subsequently excluded until all vari-
ables remained significant (P <0.05).

The model fit for multiple regression was as-
sessed with the use of R? (coefficient of determi-
nation) and adjusted R? (coefficient of determi-
nation adjusted for the number of independent
variables in a model).

A two-sided P value of less than 0.05 was con-
sidered to indicate statistical significance. Sta-
tistical analyses were performed with the use of
MedCalc 12.1.4.0 trial software (MedCalc, Mar-
iakerke, Belgium).

RESULTS Study population During the analyzed
period, 182 patients after TOF repair underwent
CMR imaging study. Overall, 60 patients met
the exclusion criteria: artifacts precluding analysis
(n =7), incomplete CMR data set (n = 4), incom-
plete echocardiographic dataset (n = 3), known
coronary artery disease (n = 1), age at TOF repair
of 18 years or older (n = 21), and no available LGE
data (n = 24). The remaining 122 patients were
included in the study.

Baseline characteristics and findings of imaging
studies Baseline characteristics and find-
ings of imaging studies are presented in TABLE 1.
Eighty-four patients (68.9%) had significant
PR, and 41 patients (33.6%) had a peak gradi-
ent of 30 mmHg or higher. RV-LGE was pres-
ent in 82 patients (67.2%), and LV-LGE in 4 pa-
tients (3.3%). In the case of the left ventricle,
LV-LGE was localized in the ventricular apex in
all patients.

Determinants of LVEF and RVEF: univariate analysis
A univariate linear regression analysis demon-
strated a weak positive correlation between LVEF
and RVEEF (r = 0.39, P <0.0001) as well as between
LVEF and time from TOF correction to CMR imag-
ing study and age at CMR imaging study (of bor-
derline significance, TABLE 2). In addition, there
was a negative correlation of LVEF with LVEDYV,
LVESV, LVM, RVEDV, RVESV, RVM, PREF, and male
sex (TABLE 2). In the univariate analysis, negative
predictors of RVEF were LVESV, RVEDV, RVESYV,
RVM, and male sex (1ABLE 3). Additionally, a trend
toward lower RVEF in patients with a larger num-
ber of previous cardiothoracic surgeries was ob-
served (TABLE 3). An inverse correlation between
the presence of RVOT aneurysm/akinesia and
RVEF was also observed (TABLE 3).
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TABLE 2 Predictors of left ventricular ejection fraction

Predictors Univariate analysis Multivariate analysis
P value P value

LVEDV -0.15(0.03) <0.0001 - -

LVESV -0.42 (0.03) <0.0001 - -

LVMe -0.11(0.05) 0.04 - -

RVEF: 0.30 (0.07) <0.0001 0.25 (0.06) 0.0002

RVEDV? -0.05 (0.01) 0.0001 - -

RVESV -0.07 (0.01) <0.0001 - -

RVM? -0.13(0.06) 0.04 - -

PRF2 -0.08 (0.03) 0.03 -0.08 0.01

peak RVOT gradient? 0.02 (0.03) 0.48 - -

ARFe -0.13(0.15) 0.41 - -

residual VSD2 -0.17 (1.6) 0.92 - -

sex (for male sex)? -5.0(1.2) <0.0001 -3.8(1.1) 0.001

age at TOF repair® 0.02 (0.18) 0.91 - -

palliative shunt in history? -2.1(1.4) 0.13 - -

time remained palliated? -0.02 (0.03) 0.47 - -

number of previous cardiothoracic surgeries? 0.28 (0.82) 0.73 - -

age at CMR imaging study? 0.14 (0.07) 0.06 - -

time from TOF correction to CMR imaging study? 0.21 (0.09) 0.02 - -

RVOT aneurysm/akinesia® -1.6(1.2) 0.19 - -

RV-LGE score? 0.30(0.39) 0.44 - -

model performance

R? - 0.27

adjusted R? - 0.25

a These variables were entered into the multivariate model. LVEDV and LVESV were not included because LVEF is calculated on the basis of these
data. Considering strong correlation between RVEDV and RVESV, only RVEDV was entered. Candidate predictors were entered into the model
irrespective of the results of the univariate analysis. After entering all variables to the model, the variables that showed least significant associations
were subsequently excluded until all variables remained significant (P <0.05).

Abbreviations: SE — standard error, others — see TABLE 1
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Determinants of LVEF and RVEF: multivariate analysis
A multivariate analysis revealed that RVEF, PRF,
and male sex were independent predictors of
LVEF (RVEF, positive predictor; PRF and male
sex, negative predictors; TABLE 2). In the multivar-
iate analysis, significant predictors of RVEF were
LVEF and LVEDV (positive predictors) as well
as RVM and the number of previous cardiotho-
racic surgeries (negative predictors) (TABLE 3). In
the model predicting cRVEF, only LVM was a pos-
itive predictor of cRVEF, and RVM, PRE, male sex,
and RV-LGE score were independently associat-
ed with cRVEF (TABLE 3).

DISCUSSION We demonstrated an independent
association between PR severity and LVEF in
a large cohort of patients after TOF repair, un-
derscoring the impact of RV disease on LV per-
formance. Oosterhof et al.” showed that PRF
was an independent predictor of LVEF; however,
the study was conducted in a substantially small-
er heterogeneous study population (n = 42) con-
sisting mainly, but not exclusively (76%), of pa-
tients with repaired TOFE. Two milestone studies
by Geva et al.? and Davlouros et al.’ revealed no
association between PR severity and LVEF.

Previous studies in patients treated with pul-
monary valve replacement (PVR) provided an in-
sight into abnormal RV and LV function prior to
PVR and the ventricular responses after treat-
ment either with surgery or percutaneous pulmo-
nary valve implantation.® 820 Particularly, those
studies demonstrated a beneficial response of LV,
in terms of improved LVEDV and LVEEF, to chang-
es in RV loading conditions. The mechanisms re-
sponsible for improved LV function after PVR and
deleterious effects of PR on LVEF are multifac-
torial."6-2! A ventricular-ventricular interaction
has been shown to be an important factor deter-
mining ventricular systolic function. Additionally,
the restoration of pulmonary valve competence
leads to an improved net pulmonary blood flow,
better LV filling, and better LVEE. Finally, elec-
trical remodeling of the ventricles and mechano-

-electric interactions are important. Hence,
though there may be RV-LV interdependence,
just treating an RV physiological lesion, namely
RV overload, can lead to improved LV function.
In our study, there was only a poor correlation
between RVEF and LVEF (r = 0.39). This gives
an R? value of 0.15, which means that 85% of
the total variation between the RVEF and LVEF
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TABLE 3  Predictors of right ventricular ejection fraction

Predictors Univariate analysis Multivariate analysis (RVEF) ~ Multivariate analysis (cRVEF)
P value B (SE) P value P value

LVEF 0.50 (0.11) <0.0001 0.53 (0.11) <0.0001 - -

LVEDV# -0.05(0.04) 0.23 0.08 (0.03) 0.04 - -

LVESV -0.20 (0.06)  <0.0001 - - - -

LVM= -0.07(0.07) 0.31 - - 0.33 (0.07) <0.0001

RVEDV -0.08 (0.01)  <0.0001 - - - -

RVESV -0.16 (0.02)  <0.0001 - - - -

RVM2 -0.36 (0.08)  <0.0001 -0.33(0.07)  <0.0001 -0.33(0.07)  <0.0001

PRFe 0.01 (0.05) 0.80 - - -0.39(0.04) <0.0001

peak RVOT gradient? -0.04 (0.04) 0.32 - - - -

ARFe -0.22 (0.20) 0.26 - - - -

residual VSD? -1.3(2.0) 0.52 - - - -

sex (for male sex)? —4.9 (1.5) 0.001 - - -8.9(1.4) <0.0001

age at TOF repair® 0.07 (0.23) 0.77 - - - -

palliative shunt in the history? -1.5(1.8) 0.40 - - - -

time the patient remained palliated (months)? 0.006 (0.03) 0.86 - - - -

number of previous cardiothoracic surgeries? -1.9(1.0) 0.07 -2.6 (0.9) 0.005 - -

age at CMR imaging study? -0.02 (0.10)  0.80 - - - -

time from TOF correction to CMR imaging study? -0.06 (0.12) 0.64 - - - -

RVOT aneurysm/akinesia® -5.1(1.5) 0.001 - - - -

RV-LGE score? -0.83(0.50) 0.10 - - -1.1(0.4) 0.008

model performance

R? - 0.32 0.65

adjusted R? - 0.29 0.64

a These variables were entered into the multivariate model. RVEDV and RVESV were not included because RVEF is calculated on the basis of these
data. Considering strong correlation between LVEDV and LVESV, only LVEDV was entered. Candidate predictors were entered into the model

irrespective of the results of the univariate analysis. After entering all variables to the model, the variables that showed least significant associations
were subsequently excluded until all variables remained significant (P <0.05).

Abbreviations: cRVEF — corrected RVEF, others — see TABLES 1 and 2

remains unexplained. This underscores the fact
that, in addition to the ventricular-ventricular
interaction, other factors play a crucial role in de-
termining ventricular ejection fractions. The re-
sults of the multivariate analysis, demonstrating
additional predictors of both RVEF and LVEEF, pro-
vide further evidence to support this hypothesis.
In clinical decision making concerning PVR in
patients with repaired TOF, ventricular dilatation
and ventricular performance are of particular im-
portance."?? They demonstrate how the heart is
coping with the burden of regurgitation. LVEF, be-
ing independently associated with PRF as dem-
onstrated in the current study, could be used as
a potential marker of systolic function adverse-
ly affected by PR. Further studies are needed to
evaluate the role of LVEF in supporting patient
selection for PVR. Considering the ventricular-
-ventricular interaction, the interplay between in-
competent pulmonary valve and the decreased LV
filling (low LVEDV), the use of an LV disease (low
LVEF) as a marker of the severity of an RV dis-
ease (severity of PR) could be an attractive alter-
native to the measurements of RVEF and RVEDV.
Additionally, the multivariate analysis revealed
that LVEDV was a positive predictor of RVEE.

ORIGINAL ARTICLE Determinants of left- and right-ventricular ejection fractions...

Thus, the higher LVEDV, the higher RVEF was ob-
served. These results further support the concept
that an LV disease (low LVEDV) could be used as
a marker of the severity of an RV disease.

The male sex was associated with lower LVEF
and lower cRVEF when compared with female
sex. Although the precise mechanism or mecha-
nisms responsible for lower ejection fractions in
males remain unknown, a hormonal effect cannot
be excluded. However, several studies in healthy
volunteers revealed no differences in LVEF be-
tween the sexes,”3?5 and a few reported high-
er LVEF in women.?®?’ Our results are in agree-
ment with the previous studies in patients with
repaired TOF?6.28.2% and large multiethnic stud-
ies in subjects without overt cardiovascular dis-
eases®®3! demonstrating higher LVEF and RVEF
in women. A previous study demonstrated that
male patients after TOF repair have lower LVEF
and RVEF compared with female patients.?s More-
over, previous studies have proved that left and
right ventricular volumes are higher in male pa-
tients after TOF repair.'%-26

In the univariate analysis, RVOT aneurysm/
akinesia showed a negative association with
RVEE. However, in the multivariate analysis,
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RVOT aneurysm/akinesia did not prove to be
an independent predictor of RVEF. Davlouros
et al.? demonstrated that RVOT contractile dys-
function was not necessarily related to the use of
a patch. In their study, RVOT aneurysm or aki-
nesia was present in about 50% of the patients
who did not undergo a patch-type repair. The au-
thors suggested that other factors such as an ex-
treme infundibular resection and/or ischemic
injury also contribute to the formation of RVOT
aneurysm or akinesia. These aneurysmal or aki-
netic regions were independent predictors of in-
creased RV volumes and decreased RVEF where-
as the presence of a transannular patch was not.
Since the study by Davlouros et al.? demonstrat-
ed that the presence of the RVOT or transannu-
lar patch was only partially related to RVOT an-
eurysm/akinesia, and the latter were associated
with impaired RVEF and increased RV volumes,
we decided to include the presence of RVOT an-
eurysm/akinesia instead of RVOT patching as
a predictor of RVEFE.

A larger number of cardiothoracic surgeries
was independently associated with lower RVEE.
This can be attributed to RV scarring resulting
from surgical procedures, exposure of a patient
to more severe pathologies that finally required
surgical intervention, and the consequences of
these lesions (e.g., long-lasting volume overload
caused by severe PR or chronic pressure overload
due to a significant residual RVOT gradient). In-
terestingly, the higher number of surgeries was
not associated with lower LVEE.

Ahigher RV-LGE score was independently asso-
ciated with lower cRVEF. This is in line with previ-
ous studies demonstrating that ventricular fibro-
sis suggested by CMR imaging had a negative ef-
fect on ventricular systolic function.'®3? Neverthe-
less, we did not demonstrate the relationship be-
tween the RV-LGE score and RVEF not corrected
for shunts or regurgitations. Moreover, the lim-
ited number of patients with LV-LGE outside
the RV-LV hinge points did not allow for either
the analysis of the effect of LV-LGE on LVEF or
the effect of RV pathology on LV fibrosis.

We demonstrated a negative relationship be-
tween RVM and RVEF and cRVEF and a positive
association between LVM and cRVEE Davlouros
at al.2 also observed an inverse correlation be-
tween RVM and RVEEF, suggesting that RV con-
tractility was affected by RV hypertrophy and
postulating various mechanisms responsible for
this phenomenon. Of note, they demonstrated
that peripheral pulmonary stenosis and RVEDV
were independent predictors of RVM. Consid-
ering the lack of relationship between periph-
eral pulmonary stenosis and ventricular func-
tion as demonstrated by Davlouros et al.? and re-
cently by Maskatia et al.,*® no effect of the peak
RVOT gradient on either RVEF, cRVEEF, or LVEF
in the present study, as well as high incidence of
mixed lesions as the causes of RVOT obstruction
in the study population, we decided not to per-
form thorough analyses on the relations between

ventricular functions and various causes of RVOT
obstruction, including branch pulmonary steno-
sis." Detailed analyses with the measurements of
branch pulmonary artery cross-sectional area and
that of the Nakata index were beyond the scope
of the manuscript. Nevertheless, we and other in-
vestigators have previously demonstrated that pa-
tients after TOF repair with coexisting RVOT ob-
struction (including branch pulmonary stenosis)
had lower RVEDV compared with patients with-
out obstruction." 3% Moreover, those with sig-
nificant PR and concomitant RVOT obstruction
(including but not limited to branch pulmonary
stenosis) had higher RVEF in comparison with
patients with isolated PR."" The relationship be-
tween various types and severity degrees of RVOT
obstruction and ventricular function should be
adequately addressed in further studies. Inter-
estingly, in our study, higher LVM was associat-
ed with higher cRVEE. This may be attributed to
the fact that higher LVEDV was related to high-
er RVEE, and in a model predicting cRVEF, LVM,
being correlated with LVEDV, replaced LVEDV.

Limitations Because of the cross-sectional de-
sign, our study did not allow for a distinction be-
tween causes and effects. Thus, causal relation-
ship between the variables demonstrating an as-
sociation in our study needs to be confirmed in
prospective cohort studies.

Patients from our cohort were rather old at
TOF repair when compared with contempo-
rary patients undergoing TOF repair. However,
the age at TOF repair in the current study was
representative for patients who underwent a sur-
gery about 20 to 30 years earlier.”%726.28 Neither
in the current study nor in that by Davlouros
et al.,? the age at TOF repair was an independent
predictor of ventricular systolic function. Brob-
erg et al.?® showed that the age at TOF repair was
not significantly different between patients with
normal, mildly decreased, and moderately-to-se-
verely decreased LV, and only patients who were
18 years old and older at the time of repair were
more likely to have an impaired LV systolic func-
tion.?8 To avoid altering ventricular function by
factors such as age at repair or ischemic myocar-
dial injury, we excluded patients with known cor-
onary artery disease and those with primary re-
pair performed at the age of 18 years and older.

We assessed the global systolic function and
RVOT wall motion abnormalities, neglecting
the analysis of other regional wall motion ab-
normalities, intrinsic myocardial contractility, and
biventricular diastolic function.32343%¢ Although
these issues may be of interest, their clinical val-
ue is rather unclear. The definition of heart fail-
ure in patients with congenital heart disease is
challenging and the severity of the disease could
be based on various parameters providing that
these measures are found to have prognostic sig-
nificance. We concentrated on ventricular ejection
fractions since there are data providing evidence
that LVEF and RVEF are independent predictors
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of outcome in patients with repaired TOE?7 All
CMR imaging studies were evaluated during a reg-
ular clinical work in a CMR imaging unit by 6 in-
dependent investigators. Although this can be re-
garded as a limitation of the study, it is a reflec-
tion of a normal clinical scenario and is consid-
ered superior to the consensus readings.?®

In conclusion, since PRF correlated inverse-
ly and independently with LVEF, and LVEDV
showed a positive and independent correlation
with RVEF, an LV disease (low LVEF and LVEDV
due to LV compression) may be used as a mark-
er of the severity of an RV disease (severity of PR
and its consequences). Further studies are need-

ed to evaluate the role of LVEF and LVEDV in sup-
porting patient selection for PVR.
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STRESZCZENIE

WPROWADZENIE Istniejg sprzeczne dane dotyczace czynnikéw wptywajgcych na frakcje wyrzutowsg
lewej (left ventricular ejection fraction — LVEF) i prawej komory (right ventricular ejection fraction — RVEF)
u pacjentéw po korekcji tetralogii Fallota (TF).

cELE Celem badania byta ocena czynnikéw wptywajacych na LVEF i RVEF w duzej grupie pacjentéw
po korekeji TF.

PACJENCI I METODY Badaniem objeto 122 pacjentéw po korekcji TF (mediana wieku 24,2 roku, przedziat
miedzykwartylowy 20,3-30,9; 60,6% mezczyzn), u ktérych wykonano rezonans magnetyczny serca.
Czynniki zwiazane z LVEF, RVEF oraz RVEF skorygowang wobec obecnych przeciekéw i niedomykalno$ci
analizowano przy uzyciu regresji liniowe;.

WYNIKI  Stwierdzono staba korelacje RVEF z LVEF (r = 0,39; p <0,0001). Analiza wieloczynnikowa
wykazata nastepujace niezalezne czynniki predykcyjne LVEF: dodatnie czynniki predykcyjne — RVEF
(p = 0,0002), negatywne — frakcja niedomykalnos$ci ptucnej (pulmonary regurgitation fraction — PRF, p =
0,01) oraz pte¢ meska (p = 0,001). Czynnikami zwigzanymi w sposéb niezalezny z RVEF byty: dodatnie
czynniki predykcyjne — LVEF (p <0,0001), objeto$¢ koncowo-rozkurczowa lewej komory (left ventricular
end-diastolic volume — LVEDV, p =0,04); negatywne — masa prawej komory (p <0,0001), liczba przebytych
operacji kardiochirurgicznych (p = 0,005). W modelu oceniajgcym czynniki predykcyjne skorygowanej
RVEF jedynie masa lewej komory byta niezaleznym dodatnim czynnikiem predykcyjnym (p <0,0001),
a czynnikami negatywnymi byty: masa prawej komory (p <0,0001), PRF (p <0,0001), pte¢ meska
(p <0,0001) oraz punktacja w skali péZznego wzmocnienia pokontrastowego prawej komory (p = 0,008).
wnioskl  Poniewaz PRF wykazywata ujemng i niezalezng korelacje z LVEF, a LVEDV dodatnig korelacje
z RVEF, patologia lewej komory (niska LVEF i LVEDV spowodowana uciskiem lewej komory) moze by¢
uznana za wskaznik cigzko$ci patologii prawej komory (stopnia ciezko$ci niedomykalno$ci ptucnej i jej
nastepstw). Konieczne sg dalsze badania w celu oceny roli LVEF oraz LVEDV w kwalifikacji pacjentéw
do wymiany zastawki ptucnej.
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