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Abstract: The objective of this study was to assess the effect of pulmonary endarterectomy (PEA) on right
ventricular (RV) reverse remodeling using magnetic resonance imaging (MRI) and to correlate MRI find-
ings with clinical and hemodynamic outcomes postsurgery. We performed a retrospective analysis in 72 pa-
tients undergoing PEA surgery in whom MRI and right heart catheterization (RHC) were performed
preoperation and 3 months postoperation. RV volumes and mass were assessed by MRI. Continuous var-
iables were expressed as means, changes were compared with a paired ¢ test, and associations between the
variables were explored using Pearson correlation coefficients. The mean age was 57 years, and 51% were
male. Both RV end-diastolic volume (EDV; 176-117 mL; P < 0.001) and RV end-systolic volume (ESV;
129-64 mL; P < 0.001) reduced significantly following PEA. Preoperative pulmonary artery pressure (PAP)
correlated moderately with ESV (r = 0.46, P < 0.001). Postoperatively, PAP correlated with EDV (r = 0.45,
P < 0.001) and ESV (r = 0.44, P < 0.001). Moderate correlation was present between hemodynamic pa-
rameters: PAP, pulmonary vascular resistance, and right atrial pressure with pre- and postoperation end-
systolic and end-diastolic RV mass (P < 0.001). RHC and MRI measurements of cardiac output and RV
volumes were significantly different (P < 0.001). In conclusion, RV reverse remodeling, as measured by
improvement in RV volumes and mass by MRI, was observed for 3 months in patients who underwent
PEA surgery. This is the largest series of patients with pre- and post-PEA MRI assessment so far reported.
MRI detects changes in parameters reflecting cardiac remodeling and pulmonary clearance, but measure-
ments are significantly different from those of RHC.
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INTRODUCTION
Chronic thromboembolic pulmonary hypertension

quent impact on left ventricular (LV) function. Pulmonary

(CTEPH) results from incomplete resolution of the vascu-
lar obstruction caused by pulmonary thromboemboli—up
to 3.8%.! Long-term survival and functional status are de-
pendent on the degree of pulmonary hypertension (PH)
and pulmonary vascular resistance (PVR) at diagnosis,®
which are major determinants of right ventricular (RV)
function. Advanced CTEPH leads to cardiac remodeling,
involving RV dilatation and hypertrophy, tricuspid regurgi-
tation, and leftward ventricular septal bowing, with conse-

endarterectomy (PEA) represents the therapy of choice for
patients with surgically accessible disease.*” PEA may be
performed with a low mortality risk and results in clinical
improvement and improved prognosis.® Magnetic reso-
nance imaging (MRI) is a tool to noninvasively quantify
and follow up changes in biventricular volume and func-
tion. Several authors®'* have used this approach in combi-
nation with pulmonary flow measurements and magnetic
resonance angiography in small series of CTEPH patients
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before and after PEA. Real-time cine MRI can be applied
to dynamically evaluate ventricular coupling in patients
with acute or chronic RV overload." The aim of this study
was to assess the effect of PEA on the right ventricle using
pre- and postoperative MRI assessment and to correlate
MRI parameters with clinical and hemodynamic variables
assessed by right heart catheterization (RHC).

METHODS
Patient population
The patient population consisted of 72 local patients who
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pulmonary angiography, or magnetic resonance (MR) pul-
monary angiography, taking into account hemodynamic
data and comorbidities. All referred patients were discussed
in a dedicated multidisciplinary team meeting. MR angiog-
raphy and RHC were performed 3 months after PEA. Preop-
erative characteristics, operative procedures, hospital out-
comes, and follow-up data were prospectively entered into a
dedicated database (Table 1). The local research ethics com-
mittee approved the study; the requirement for written in-
formed consent was waived as the study was retrospective
and individual patients were not identified.

were available for pre- and post-MRI follow-up at Papworth
Hospital out of the national cohort. Eligibility for surgery
was defined by at least two of three imaging modalities: con-
ventional pulmonary angiography, computed tomography

Functional status
Functional status was evaluated at baseline, preoperatively
and at 3 months post-PEA by New York Heart Associa-

Table 1. Summary of functional and magnetic resonance imaging variables in pulmonary endarterectomy (PEA) patients pre-
and postoperation and change after operation

Difference (95% CI) and

Variable Pre-PEA 3 mo post-PEA significance level, P
Mean age (SD) 57 (15)
n male 37 (51) o
New York Heart Association classification <0.001*
1, % 0 23 (33)
2,% 2(3) 34 (47)
3,% 50 (69) 14 (19)
4,% 20 (28) 1(1)
6-minute walk distance, m 293 (137) 370 (112) 81 (55-108), <0.001
Right heart catheter measurements
Cardiac output, L/min 4.6 (1.2) 4.7 (0.9) .1(-0.2-0.4), 0.53
Cardiac index, L/min/m? 2.4 (0.6) 2.5 (0.4) 0.09 (—0.08-0.26), 0.30
Mean right atrial pressure, mmHg 9.7 (5.0) 5.6 (3.3) 3 (2.9-5.8), <0.001
Pulmonary artery pressure, mmHg 48 (13) 26 (9) —23 (—19 to —26), <0.001
Pulmonary vascular resistance, dyn/s/cm 698 (279) 265 (180) —393 (=307 to —479), <0.001
MRI measurements
Flow per beat, mL/beat 24 (12) 35 (13) 11 (8-15), <0.001
Flow per min, mL/min 1,798 (923) 2,679 (886) 881 (635-1127), <0.001
End-diastolic volume, mL 176 (76) 117 (48) —58 (—46 to —71), <0.001
End-systolic volume, mL 129 (68) 64 (40) —65 (—53 to —76), <0.001
Cardiac output, L/min 3.0 (1.3) 2.8 (1.2) 0.1 (-0.3-0.4), 0.69
End-diastolic volume, mL 137 (59) 93 (46) 44 (35-53), <0.001
End-systolic volume, mL 103 (51) 62 (37) 41 (33-49), <0.001
Fraction shortening, % 28 (11) 36 (10) —8 (—11 to —5), <0.001
Right mass diastolic, g 145 (54) 101 (31) 45 (36-54), <0.001
Right mass systolic, g 125 (46) 81 (25) 44 (35-52), <0.001
Stroke volume, mL/beat 47 (19) 53 (15) —6 (—11 to —2), 0.005
Ejection fraction, % 29 (12) 48 (11) ~19 (—22 to ~16), <0.001

Note: CI: confidence interval; MRI: magnetic resonance imaging; SD: standard deviation.
# Bowker’s test of symmetry P value.
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tion (NYHA) classification and 6-minute walking distance
(6MWD).

Right heart catheterization

The procedure was performed in the majority of the
cases through the right internal jugular vein by using a
flow-directed, balloon-tipped Swan-Ganz catheter (7.5F;
Edwards Lifesciences, Irvine, CA). Measured parameters
were cardiac output (CO), right atrial, RV, pulmonary ar-
tery (PA), and capillary wedge pressures. PVR was calcu-
lated as 80 x (mean pulmonary artery pressure [mPAP] —
mean pulmonary wedge pressure)/CO (dyn/s/cm™°), and
cardiac index (CI) was calculated as CO/body surface
area (L/min/m?).

Magnetic resonance

MRI was performed on a 1.5-T cardiac-optimized system
(2004-2007 GE Sigma CVi system; GE Healthcare, Mil-
waukee, WI; from 2007 onward, Siemens Magnetom
Avanto; Siemens Medical Solutions, Erlangen, Germany).
Images were acquired using a phased-array torso coil,
with retrospective cardiac gating achieved with a vector-
electrocardiography system. Multislice gradient-echo se-
quences were used to obtain horizontal and vertical long-
axis images of the heart and axial volume stacks. Axial
slices of the right ventricle from base to apex were
planned from the horizontal and vertical long-axis images
in the plane of the atrioventricular groove (short axis). All
cine sequences with fast imaging employing steady state
acquisition were acquired with 25 cardiac phases at 10-
mm-thick slices with 128 x 256 matrices. Interleaved,
velocity-encoded, phase-difference sequences were used
to measure flow and area in the main PA. MRIs were
stored on a Cambridge Computed Imaging (CCI, Cam-
bridge, UK) picture archive and communication system
for subsequent recall and analysis.

Images were reviewed by two observers using Medis
medical imaging systems software (Leiden, Netherlands).
Manual delineation was used to generate areas for RV
endocardium and epicardium in end diastole and endo-
cardium in end systole. These time points were defined
by the largest and smallest endocardial areas. The method
of disk summation was then employed to provide volumet-
ric and mass data for the right ventricle.

Operative technique

The operative technique was based on that described by
Jamieson et al.®> and reproduced in the United Kingdom
in more than 970 patients.'® Although the vast majority
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of the patients had significant tricuspid regurgitation,
tricuspid repair was not performed because the inconti-
nence was always deemed functional, a finding consis-
tent with that of other groups.*"’

Statistical analysis

Continuous variables were summarized at the 2 time
points using the mean and standard deviation and cate-
gorical variables using frequencies and proportions. To
assess changes between pre- and postoperation for con-
tinuous variables, the mean difference and its 95% confi-
dence interval were calculated and the paired t test was
used. For categorical variables, Bowker’s test of symmetry
was used. To explore the association between functional
cardiac studies and MRI measures, the data were initially
analyzed separately for the 2 time points, pre- and post-
operation. Scatterplots of each combination of clinical/
cardiac function variables and MRI variables were exam-
ined. Pearson correlation coefficients and their associated
P values were calculated. Correlation coefficients were
interpreted according to Franzblau'® as follows: 0-0.19,
none/negligible; 0.2-0.39 low; 0.4-0.59 moderate; 0.6—
0.79 marked; 081-1 high. To further explore the clinical
utility of MRI variables, we calculated the percentage of
the variation of other outcomes that could be explained by
MRI variables (100 x correlation coefficient?). For var-
iables that could be measured by both RHC and MRI, we
plotted the difference between the measurements against
the average of the 2 measures for each patient (Bland-
Altman plots) and calculated the average disagreement
between RHC and MRI results, with 95% confidence
intervals.

RESULTS

Baseline and 3-month post-PEA RHC, 6MWD, and MRI
results are reported in Table 1. All parameters studied,
with the exception of estimated CO and CI were, on aver-
age, significantly different after the PEA operation com-
pared to before.

Tables 2 and 3 show Pearson correlation coefficients
and percentage of variation explained (pre- and post-PEA,
respectively). Measurements of flow had statistically sig-
nificant, low to moderate correlation with PVR, with dif-
ferences in flow explaining at most 31% of the variation
in PVR. Additionally, PVR and pulmonary artery pres-
sure (PAP) were moderately correlated with volumes, ac-
counting for between 10% and 21% of the variation
observed.

Tables 4 and 5 give Pearson correlation coefficients and
percentage of variation explained for the relationship be-
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Table 2. Pearson’s correlation coefficients, P values for the correlation between functional and magnetic resonance imaging
variables pre—pulmonary endarterectomy operation, and percentage of variation explained

Variable Flow per beat (%)  Flow per minute (%) End-diastolic volume (%) End-systolic volume (%)
Cardiac output 0.21, 0.08 (4) 0.18, 0.14 (3) —0.09, 0.47 (1) —0.11, 0.36 (1)
Cardiac index 0.09, 0.48 (1) 0.03, 0.79 (0) —0.15, 0.24 (2) —0.17, 0.17 (3)
6-minute walk distance 0.32, 0.009 (10) 0.28, 0.02 (8) —0.13, 0.30 (2) —0.13, 0.31 (2)

Mean pulmonary artery pressure  —0.13, 0.27 (2) —0.10, 0.40 (1) 0.39, 0.001 (15) 0.46, <0.001 (21)
Pulmonary vascular resistance —0.30, 0.02 (9) —0.27, 0.04 (7) 0.31, 0.02 (10) 0.38, 0.002 (14)

tween functional/cardiac measures and RV mass changes
pre- and post-PEA. PVR, PAP, and right atrial pressure
had statistically significant, low to moderate correlation
with RV mass.

CO, end-diastolic volume (EDV), and end-systolic vol-
ume (ESV) were recorded using RHC and MRI. Table 6
shows the mean bias and 95% confidence intervals. With
the exception of ESV at 3 months after the procedure,
there was significant disagreement between the measure-
ments. For CO, the average RHC measurements were ap-
proximately 2 L greater than those from MRI, while the
difference between volumes ranged from 3 to 38 mL. Dis-
agreements for individual patients are plotted in Figure 1,
showing quite a large difference for some patients.

DISCUSSION

PEA offers curative treatment for patients with CTEPH,
with significant improvement in hemodynamics, symp-
toms, and survival.>* RHC is considered the reference tech-
nique for assessment of disease severity. However, this
invasive technique is not suitable for repeated studies in
order to monitor outcome in the postoperative episode and
has significant limitations in assessment of CO when there
is significant tricuspid regurgitation, which is commonly
the case in the setting of PH. Comprehensive cardiac MRI
can provide accurate information on biventricular function
and volume, flow patterns, and surgical clearance of the

pulmonary vascular bed, but this study showed, at best,
moderate correlation with other clinical and hemodynamic
variables. In addition there was statistically significant and
clinically important disagreement between RHC and MRI
measurements of CO, ESV, and EDV. CTEPH patients typi-
cally have abnormally dilated right ventricles with abnor-
mal leftward bulging of the septum due to increased PAPs.
After PEA surgery, reversed remodeling occurs in the ma-
jority of patients, consisting of a significant decrease in RV
volumes and improvement of RV function. This study
shows the decrease in RV volumes assessed by MRI and a
reduction of pulmonary pressure and resistance assessed
by RHC, within 3 months postsurgery. This is in line with
the findings of other authors'"'* who demonstrated a re-
modeling of the right ventricle, mainly in the first month
post-PEA followed by a much slower remodeling phase af-
terward.

This biphasic pattern matches well with the postopera-
tive changes in systolic PAP (sPAP), with an early decrease
followed by a plateau phase. We previously reported that
reduction of mPAP had a sustained and positive impact on
long-term outcome.” D’Armini et al.'* showed this biphasic
pattern on a 3-year follow-up post-PEA. Afterload reduction
early post-PEA is most likely responsible for a fast reduc-
tion in RV volumes and subsequent improvement in RV
contractility, with a progressive reduction of RV hypertrophy
over time.

Table 3. Pearson’s correlation coefficients, P values for the correlation between functional and magnetic resonance imaging
variables post—pulmonary endarterectomy operation, and percentage of variation explained

Variable Flow per beat (%)  Flow per minute (%) End-diastolic volume (%)  End-systolic volume (%)
Cardiac output 0.51, <0.001 (26) 0.56, <0.001 (31) 0.003, 0.98 (0) —0.004, 0.97 (0)
Cardiac index 0.30, 0.01 (9) 0.30, 0.01 (9) —0.12, 0.32 (10) —0.13, 0.27 (2)
6-minute walk distance 0.24, 0.04 (6) 0.26, 0.03 (7) —0.10, 0.43 (1) —0.11, 0.36 (2)

Mean pulmonary artery pressure  0.002, 0.99 (0) 0.03, 0.82 (0) 0.45, <0.001 (20) 0.44, <0.001 (19)
Pulmonary vascular resistance ~ —0.24, 0.08 (6) —0.20, 0.15 (4) 0.44, 0.001 (19) 0.41, 0.002 (17)
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Table 4. Pearson’s correlation coefficients, P values for the
correlation between functional, right heart catheterization,
and magnetic resonance imaging variables pre— and post—
pulmonary endarterectomy operation, and percentage of
variation explained

Right mass Right mass
Variable diastolic (%) systolic (%)
Cardiac output —0.12, 0.33 (1) —0.15, 0.22 (2)
Cardiac index —0.20, 0.10 (4) —0.23, 0.06 (5)
6-minute walk
distance —0.05, 0.68 (0) 0.01, 0.92 (0)

Mean pulmonary

artery pressure 0.38, 0.001 (14) 0.41, <0.001 (17)

Pulmonary vascular
resistance 0.31, 0.02 (10)

0.27, 0.04 (7)

0.40, 0.002 (16)

Right atrial pressure 0.27,0.03 (7)

Reduction in RV mass was documented in our study as
early as 3 months postsurgery. The mass reduction coin-
cided with the immediate reduction of mPAP and PVR.
This is in line with the results of Reesnik et al.,'' who
demonstrated a similar reduction in RV mass post-PEA,
although there were no further assessments in PAP and
PA resistance at the time of repeated MRI in that study.
Knowing that the pressures will continue to drop beyond
3 months, the remodeling process will continue with a
reduction of RV hypertrophy, and improved flow and vol-
ume on the left side will stop the myocyte shrinkage and
atrophic reduction of LV free wall mass.'*"°

Our study showed that at 3 months post-PEA, there was
significant increase in pulmonary flow but no evidence of
an increase in CO assessed by RHC. The increase in pul-
monary flow was in line with Kreitner’s’ group.

We showed in our study a low correlation between
6MWD and increased pulmonary flow after PEA. There
was negligible correlation with other parameters, such as
RV volumes and RV mass regression. It is possible that
the 3-month assessment might have been too early in
order to document significant correlation with 6MWD.
This improvement of CMR (cardiac magnetic resonance)-
derived stroke volume and 6MWD was documented by
van Wolferen et al.”® over 1 year of follow-up.

The position and configuration of the ventricular sep-
tum are reliable indicators of the pressure difference be-
tween the left ventricle and the right ventricle and can be
used to depict the RV pressure overload in patients with
PH."*2%2! Several studies have reported significant rela-
tionships between septal curvature derived from CMR im-
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ages and PAPs**** or PA resistance.”* Alunni et al.** con-

firmed the correlation between the interventricular septum
(IVS) curvature and PAP and PA resistance. Relations be-
tween PH and left ventricle were demonstrated by several
authors,”*?* strengthening the interdependence between
the two ventricles. The concept was enhanced by several
factors:** (1) correlation between IVS, the ventricular area
ratios, and invasive parameters; (2) correlation between
the ratio of early to late ventricular filling velocities and
sPAP and PVR; and (3) LVEDV related to LV diastolic
function. Gan et al.”*® demonstrated that reduction of LV
stroke volume was related to reduced filling due to left-
ward IVS curvature. Sciancalepore et al.*' showed that 3-
dimensional CMR provided quantitative information of
the IVS and its patterns of changes throughout the car-
diac cycle, reflecting on the extent of ventricular remod-
eling according to the severity of PH. Mauritz and Vonk-
Noordgraaf?’ showed in 13 patients post-PEA that at
6 months postsurgery the RV and LV peak strains are
resynchronized. The reduction of left-right delay in time to
first peak was more strongly associated with the reduction
in RV wall stress (r = 0.69, P = 0.007) than with the re-
duction in sPAP (r=0.53, P=0.07).

Vogel-Claussen et al.*® looked into the relationship of
RV and LV myocardial perfusion reserve indexes (MPRI)
with ventricular function and PH by using adenosine per-
fusion CMR imaging. They found that RV and LV MPRIs
were significantly correlated with increasing PAP and
with measures of RV workload, systolic dysfunction, and
remodeling (i.e., ventricular mass index [VMI]). Biven-
tricular MPRI was inversely associated with mPAP and
RV stroke index.

Table 5. Pearson’s correlation coefficients, P values for the cor-
relation between functional and magnetic resonance imaging
variables post-pulmonary endarterectomy operation, and per-
centage of variation explained

Right mass Right mass
Variable diastolic (%) systolic (%)
Cardiac output —0.02, 0.88 (0) —0.03, 0.83 (0)
Cardiac index —0.16, 0.21 (3) -0.21, 0.10 (4)
6-minute walk
distance 0.06, 0.66 (0) 0.10, 0.42 (1)

Mean pulmonary

artery pressure 0.34, 0.005 (12) 0.41, <0.001 (17)

Pulmonary vascular
resistance 0.34,0.02 (12)

0.09, 0.45 (1)

0.44, 0.001 (19)

Right atrial pressure 0.10, 0.41 (1)
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Table 6. Mean (95% confidence interval [CI]) for the difference between right heart catheterization (RHC) and magnetic resonance

imaging (MRI) measurements

Measurement Mean difference, RHC—MRI SD 95% ClI, significance, P
Baseline cardiac output, L 1.8 1.9 1.3-2.3, <0.001
3-month cardiac output 2.0 1.2 1.6-2.3, <0.001
Baseline end-diastolic volume, mL 38 57 25-53, <0.001
3-month end-diastolic volume, mL 25 43 15-36, <0.001
Baseline end-systolic volume, mL 25 43 14-35, <0.001
3-month end-systolic volume, mL 3 33 —5-11, 0.47

Vogel-Claussen et al.”® found a significant correlation
between MR-derived measurement RV septomarginal tra-
beculation mass, VMI (VMI = RV mass/LV mass), and
RHC-documented PH hemodynamics. Fernandez-Friera
et al.*® showed a regional difference in RV function and
volumes as a result of chronic PH. They found that apical
RV dysfunction appeared to occur even in the presence of
normal global RV ejection fraction (RVEF) in patients with
PH, in association with an increase in apical RV ESV. In
contrast, the contractility of basal segments remained un-
changed or slightly increased, suggesting some degree of
compensation to maintain normal global RVEF. The group
noticed a similar apical dysfunction pattern in another
group of patients with both PH and global RVEF.

In one study the CMR-derived PA distensability index
consistently correlated with the RHC-derived PA stiffness
index, PVR, and PA capacitance.3 E They also showed that
the CMR-derived PA distensability index could be used to
predict functional class (FC) in patients with PAH. A cut-
off for CMR-derived PA distensability of <20% predicted
poor FC in 6MWD of <400 m with 82% sensitivity and
94% specificity. This is in line with our findings of direct
correlation between 6MWD and flow to beat-derived MRI
estimation.

MRI phase contrast velocity quantification was also
significantly correlated with RHC-measured PH in our
study, but the correlation was, at best, moderate. Helder-
man et al.** found that a relative retrograde flow in
midsystolic peak was significantly larger in PAH patients
than in non-PAH patients (9% vs. 1%; P < 0.0001). More-
over, we found a significant increase in flow post-PEA,
which was moderately correlated with RHC parameters
and may be useful in clinical assessment post-PEA. Dou-
ble inversion recovery “black blood” MRI suppresses the
signal from flowing blood, and slow-flowing blood causes
incomplete suppression, resulting in pulmonary blood
flow artifact (PFA). Swift et al.** looked into the diagnos-

tic utility and prognostic value of a PFA scoring system in
patients with PH by RHC. They found that PFA >1 dem-
onstrated a high sensitivity (86%) and specificity (85%)
for diagnosis of PH, with a good correlation with PVR,
mPAP, and CI. Also, PFA was significantly associated
with mortality over a mean follow-up of 19 months.

Kreitner et al.” showed that the contrast-enhanced
MR angiographic technique can delineate typical angio-
graphic findings such as intraluminal webs and bands,
abrupt vessel cutoffs, and abnormal proximal-to-distal ta-
pering. Because it is cross-sectional imaging modality,
contrast-enhanced MR angiography proved to be superior
to selective digital subtraction angiography for assessment
and delineation of the proximal extent of organized throm-
botic material.

The most widely noninvasive tool used in clinical prac-
tice to study RV dysfunction is echocardiography. In
CTEPH, echocardiographically assessed RV restoration
was reported before.>*3® However, the usefulness of echo-
cardiography in this context is limited because of the
Doppler measurements of peak velocity of the tricuspid
regurgitant jet, which are not always detected; therefore,
the peak velocity of the jet may be difficult to measure in
the presence of severe tricuspid regurgitation. There is also
a need for an adequate acoustic window as well as the
absence of a reliable mathematical assumption due to the
complex geometry of the right ventricle.>” Nogami et al.*®
demonstrated a higher correlation of flow and pressure be-
tween phase-contrast magnetic resonance and RHC than
that between cardiac RHC and echocardiography in pa-
tients with PH.

There are several limitations for this study. (1) Two dif-
ferent MR systems were used during the follow-up study,
making the patient group less homogenous. (2) Some of
the studies presented in this review”’* significantly cor-
relating MR-derived parameters with RHC-measured he-
modynamics and FC need to be validated in larger studies
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Figure 1. Bland-Altman plots of disagreement between right heart catheterization and magnetic resonance imaging measurements
against average for each patient. CO: cardiac output; EDV: end-diastolic volume; ESV: end-systolic volume; MRI: magnetic reso-

nance imaging; RHC: right heart catheterization.

and enhanced experiences. (3) Inter- and intraobserver
variability of MRI, 6MWD, and RHC was not assessed.
(4) Flow measurements might be associated with errors and
inaccuracies; an appropriate choice of velocity-encoding
(VENC) gradient is crucial to avoid aliasing (VENC too
low) and, on the other hand, to maintain high sensitivity,
especially in low-flow states (VENC too high). Thus, an
individual adjustment of the VENC is often necessary.
Moreover, complex or turbulent flow may adversely affect
flow measurement phase contrast MRI. (5) We expressed
RV function in global terms, without quantifying regional
myocardial function. (6) A large number of patients had
tricuspid regurgitation secondary to RV dilatation and RV

hypertension. Concomitant tricuspid regurgitation might
explain the differences between RV systolic volume and
pulmonary forward flow. (7) MRI findings as a prognostic
indicator were not assessed, as this was outside the scope
of our study. (8) The study population arose opportunis-
tically, and the representativeness of our sample is not
clear. (9) The MRI was performed at a 3-month follow-up
after PEA. Numerous studies have shown progressive im-
provement in hemodynamics beyond 3 months, which
might have led to better correlation between MRI and
RHC parameters in a later stage. (10) 6MWD might not
be fully representative at 3 months post-PEA, as some
might still recover from surgery. However, this was re-



corded at 3 months post-PEA in order to have a snapshot
concomitant with other investigations.

The main strength of the study was that this is the
largest series to date of PEA patients, having all had RHC,
6MWD, NYHA, and CMR pre- and at 3 months post-PEA.
In conclusion, we showed low to moderate correlation in
the largest series of patients published to date who had
PEA and who had MRI and RHC and clinical function
assessed presurgery and at 3 months postsurgery. The
major determinant of RV reverse remodeling is the res-
toration of physiologic PAP, a condition achieved by a suc-
cessful PEA. MRI is noninvasive, does not require expo-
sure to ionizing radiation, can be repeated, and gives
morphological and functional information. There is abun-
dant literature regarding MRI assessment of PH, includ-
ing CTEPH. However, CO and volumetric measurements
are significantly different between RHC and MRI. We
conclude that a unified and agreed protocol of MRI would
provide useful clinical information for assessment of PEA
surgery outcome.
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