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right to left ventrig i RV:LV) with a clinically relevant measure of functional capacity,
the 6 min walk dis|

es were associated with small left atrial (LA) size, suggesting LV underfilling rather
the enlarged RV. Postoperatively, the decrease in RV:LV volume ratio correlated
ent in 6MWD (r = 0.490, p = 0.02). After PEA, there was also significant

e of baseline functional status, baseline PVR and of change in functional status after PEA surgery.
© 2013 The Authors. Published by Elsevier Ireland Ltd. Open access under CCRY-NC.SA license.

1. Introduction progressive small vessel arteriopathy. Consequences may include pro-
gressive right ventricular (RV) hypertrophy, dilatation and failure

Chronic thromboe ypertension (CTEPH), de- with progressive clinical decline [1-3].

fined as a re (mPAP) >25 mm Hg with In selected cases with centrally located anatomic obstructions
a pulmo re (PCWP) <15 mm Hg and at in one or both branch pulmonary arteries, surgical pulmonary
least o ect following three months of ade- thromboarterectomy (PEA) can be performed often, but not always,
quate a creasingly recognized as an important with excellent clinical outcomes. Invasively determined increased pul-
cause of pé aty arterial hypertension [1,2]. Predominant monary vascular resistance (PVR) has been found to be an important
mechanisms e recurrent pulmonary emboli, obliteration of cen- risk factor for perioperative mortality in this patient group [4-7].

tral pulmonar pries, pulmonary vascular remodeling and Currently, however, non-invasive preoperative evaluation does not

accurately or reliably predict postoperative haemodynamic or functional
outcomes for PEA patients [1]. We sought to investigate the potential
utility of cardiac MRI parameters in this regard. In particular, we
hypothesised that the ratio of right to left ventricular end-diastolic
volumes (RV:LV) might relate to haemodynamic and functional status
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2. Methods
2.1. Patients

Over a 7 year period, 34 patients (40% men; age 55 +/— 15 years) diagnosed with
CTEPH underwent PEA and cardiac MRI at The Prince Charles Hospital (TPCH) in Brisbane,
Australia. All patients underwent PEA via a median sternotomy on cardiopulmonary by-
pass using the technique of Jamieson et al, from San Diego, U.S.A. [7]. A Multidisciplinary
Pulmonary Hypertension team at TCPH made the diagnosis and the decision to undergo
surgery. Selection criteria included patients with significant pulmonary hypertension, sur-
gically accessible chronic thromboembolic disease and an acceptable co-morbid status.
The medical ethics committee at TPCH approved the study and all patients gave informed
consent.

Of these 34 patients, 32 had MR image quality sufficient for preoperative analysis. Of
these, 31 had functional assessment at baseline with 6 min walk distance measurement
(6MWD), according to the American Thoracic Society Guidelines [8] and 29 patients had
invasive measurement of cardiopulmonary haemodynamics at right heart catheterisation.
Right heart catherisation and haemodynamic assessment were performed with a 7-F bal-
loon tipped, flow directed Sawn-Ganz catheter during continuous electrocardiography
monitoring. PVR was calculated as (mPAP — PCWP)/CO (mPAP is mean pulmonary artery
pressure, PCWP is pulmonary capillary wedge pressure and CO is cardiac output.)

4 patients died peri-operatively and 4 patients were lost to follow up or were followed
up in a distant location. From those 26 patients who survived and attended TPCH for fol-
low up, 21 had right heart studies on day 1 post operatively and 26 had repeat MRI
scans, of whom 23 had image quality sufficient for analysis. 19 of these 26 subjects had
functional assessment with 6MWD at 6 months post operatively. MRI was performed at
a mean of 6 +/— 6 months pre operatively and a mean of 9 +/— 5 months post opera-
tively. This is summarised in Fig. 1.

2.2. Magnetic resonance imaging

2.2.1. Ventricular volumes and function

All imaging was performed using a 1.5 T MR scanner (GE medical system.) Retrospec-
tively gated steady-state free precession (FIESTA) cine MR images of the heart were ac-
quired in the vertical long axis, 4 chamber view and the short axis view covering the
entirety of both ventricles (9-12 slices.) Image parameters - TR = 3.
TE = 1.6 ms; flip angle = 78°; slice thickness = 8 mm; matrix = 192 x 256;
view = 300-380 mm; and temporal resolution = 40 ms, acquired during a single
hold.

Short axis cine MR acquisitions were taken using a set of multi-slice cine acquist
FIESTA images in a plane perpendicular to a line from the centre of
to the apex of the RV [9].

2.2.2. Functional imaging

Ventricular volumetry and mass were assessed
atrial volumetry with 4 chamber long axis, by on
bit, version 4.1.2, was used on an independent
essary, the window and level settings were
lumen contrast.

The endocardial and epicardial bo
short-axis cine images. The end di

ag ic epicardial and endocardial volumes, in-
cluding the tlations, multiplied by the specific gravity of

myocardium.

EDV of each respective c| .

Atrial endocardial bordé€rs were delineated at ventricular end-systole in the 4 cham-
ber view and the area calculated using the area-length method. Tricuspid regurgitation
was calculated as RV SV — LV SV divided by RVSV, and expressed as a percentage.

2.3. Statistical analysis

Descriptive data are expressed as mean +/— SD. All analyses were performed with
the SPSS statistical package (SPSS, version 21, SPSS Inc Chicago.). Paired sample t tests
were used to analyse the changes associated with surgery for the relevant MR, functional
and haemodynamic parameters. Linear regression analysis was used to assess correlations
between MRI, haemodynamic parameters and functional status. Our prospectively de-
fined primary endpoint was change in RVEDV to LVEDV ratio before versus after PEA
and its correlation with 6MWD at baseline and change in 6MWD after successful surgery.
A two tailed p-value <0.05 was considered statistically significant.

Fig. 1. Flow chart outlining patient fo

3. Results
3.1. Preoperative assessment

Baseline clinical, hae

D (p = 0.04, Fig. 2) and significantly
increased PVR (p = 0.004). Further-
tive decrease in RV:LV volume ratio correlated
observed improvement in 6MWD (r = 0.490,
in Fig. 3. Baseline functional status or change in

preoperative parameters

A non-significant trend was noted towards decreased 6MWD with
maller LVEDVi (p = 0.09). Similarly but even less marked was the
association between higher RVEDVi and 6MWD, as shown on Fig. 4
(p = 0.638). Smaller LV size was significantly associated with smaller
left atrial (LA) size as shown in Fig. 5 (p = 0.011), suggesting that
underfilling of the LV rather than LV compression by the enlarged RV
was the cause of reduced LV size in these CTEPH patients.

3.4. Postoperative assessment

Significant RV remodeling was demonstrated after PEA (Table 2).

There was also significant RA remodeling with a reduction in the
degree of TR. LV structure and function did not significantly change
post PEA, however, the change in the degree of TR was significantly
associated with the change in LVEDVi. (r = 0.709, p = <0.0001).

Post-operative functional and haemodynamic changes are listed in
Table 3 showing significant improvements.

There were no significant correlations between RV and LV MRI pa-
rameters and 6 MWD post operatively. At 6 months post operation,
peri-operative mPAP was not associated with 6 MWD or MRI parameters.

4. Discussion

In this study, we have demonstrated the potential utility of a novel
MRI measurement, RV:LV ratio, in severe CTEPH. Pre-operatively, the
RV:LV ratio correlated significantly with functional status and PVR bet-
ter than for RV or LV parameters alone. Furthermore, peri-operative
change in the RV:LV ratio correlated with the change in functional ca-
pacity, again more so than for any right or left heart parameter consid-
ered alone. Neither change in mPAP and CI correlated significantly with
change in 6MWD.
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Table 1

Baseline pre operative characteristics.
Characteristic N =32
Age, years 55 +/—15
Male Sex, % 41
NYHA 3+/—07
LVEDV index, mL/m? 64 +/— 15
RVEDV index, mL/m? 110 +/— 34
LVEF, % 59 +/—9
RVEF, % 41+/—11
LV mass index (g/m?) 66 +/— 18
RV mass index (g/m?) 45 +/— 18
TR fraction, % 12 +/—18
LA size, cm? 19+/—6
RA size, cm? 27 +/—9
PA size, mm? 11 +/—2
RV:LV 1.8 +/— 0.6
6MWD, metres 417 +/— 112
mPAP, mm Hg 41 +/— 15
PVR, dynes 542 +/— 387
Cardiac index L/min/m? 23 +/—0.7

NYHA: New York Heart Association Class, LVEDV: Left ventricular end
diastolic volume, RVEDV: Right ventricular end diastolic volume, LVEF:
Left ventricular ejection fraction, RVEF: Right ventricular ejection
fraction, TR: tricuspid regurgitation, LA: Left atrial, RA: Right atrial, PA:
Pulmonary artery, RV:LV, RVEDV:LVEDV, mPAP: Mean pulmonary
artery pressure, PVR: Pulmonary vascular resistance.

In patients with operable CTEPH, gas transfer and exercise capacity,
as measured by the 6MWD, have been shown to be independently asso-
ciated with outcomes in a multivariate analysis [4]. Additionally, RV
function and remodeling post PEA, are an important determinant of
outcomes [2]. However, common indices of resting RV functio,
as RVEF do not correlate with exercise capacity [10]. Furtherm
tional status in subjects with PAH does not correlate with cha
haemodynamics, nor has improvement in mPAP shown to be pr
tic [11]. In our study, we confirmed that resting RV fuges

however, the RV:LV ratio does. This ratio is 2
measurement, as it combines non-invasif
about RV loading conditions and LV
value that appears to have potential a
ity and outcomes in this group.

Ventricular interdependen
Bernheim, who postulated t
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Fig. 2. Correlation of pre 6 min walk distance to pre RV:LV volume ratio.
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Fig. 3. Correlation of delta 6 min walk distance RV:LV volume ratio.

al arm of their study [18,19]. Our study did not show
in LV mass and size post operatively, however this

wing has been shown to impair early diastolic LV filling in the
presence of a pressure-loaded RV [20-22]. Lurz et al showed that in pa-
tients with RV to PA conduit obstruction, relief of the obstruction led to
improvement in early LV diastolic filling which best correlated with
favourable septal motion and an improvement in exercise capacity
[23]. In our study, there was a significant positive correlation between
RV stroke volume and increased LV size, highlighting the importance
of impaired LV filling from reduced preload, rather than LV compression
from an enlarged RV, in CTEPH. One possible explanation for this in-
volves pericardial adaptation. Diastolic ventricular interdependence
with septal shift and a reduction in LV dimensions has been shown to
be stronger with an intact, rather than absent, pericardium [13]. Howev-
er, while the pericardium is intact in CTEPH, the disease process occurs
chronically, giving the pericardium time to adapt to an enlarged RV [24].

Increased PVR, decreased compliance and increased pulmonary ar-
tery wave reflection contribute to increased right ventricular afterload
in CTEPH, leading to increased RV mass and eventually RV dilatation
and failure [2]. Patient outcomes are predominantly determined by
the response of the RV to this increased load and successful RV

Correlation of MWD to RV and LV end-diastolic volume index
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Fig. 4. Correlation of 6 min walk distance to RV and LV end-diastolic volume index.
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Correlation of LA size to LV end diastolic volume index
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Fig. 5. Correlation of LA size to LV end-diastolic volume.

remodeling post PE has been demonstrated in several previous publica-
tions. Increased RVEF, decreased RV mass and volumes and normaliza-
tion of septal bowing post PEA have been consistently demonstrated,
with correlations between post-operative rise in RVEF and fall in PVR
[25-27]. Our study confirms these findings by again demonstrating ben-
eficial and significant RV remodeling post PEA, with significant reduc-
tions in RV size and mass, as well as RA size and the degree of TR.
RVEDV:LVEDV ratio, as assessed by MR], reflects these pathophysio-
logical processes. Previously, RV:LV has been demonstrated to be a bet-
ter reflection of RV dilatation than RVEDVi in the setting of repaired
Tetralogy of Fallot and quantification of pulmonary regurgitation [28].
Furthermore, it has been shown that RV:LV, measured by CT, correlates
with pulmonary artery systolic pressure [29]. In CTEPH, we propose that
the RV:LV ratio takes into account increased RV size and remodeg
from pressure overload, but also the effects of reduced LV fillin
decreased preload. In this study, RV:LV ratio correlated with
baseline functional status and PVR, and change in RV:LV ratio correl
significantly with change in functional status. As functjg
PVR are known to be prognostic indicators of out
CTEPH, RV:LV ratio could be a novel, non-invasive
in operable CTEPH.

4.1. Limitations

small number of patlent
ses. There was

, limiting certain analy-
ing of MR, right heart

Table 2

Right ventricular geometry pre and post PEA.
Parameter Pre operative value  Post operative value P value
RVEDVi (mL) 98 +/— 24 72 +/—13 <0.0001
RVESVi (mL) 57 +/— 21 33 +/—10 <0.0001
RVSV (mL) 80 +/—19 73 +/—15 0.05
RVEF (%) 43 +/—10 53 +/—7 <0.0001
RV mass index (mL/BSA) 41 +/— 16 33 +/—-11 0.001
RA size (mL) 27 +/—9 23 +/—6 0.001
TR fraction (%) 11 +/—20 —2+/—17 0.005
RV:LV 1.7 +/— 0.6 1.1+4/—02 <0.0001

BSA: Body surface area.

Table 3
Functional and haemodynamic changes.
Parameter Pre operative Post operative P value
NYHA 2.8 +/— 07 1.1+/—04 <0.0001
6MWD (m) 431 +/— 98 520 +/— 83 <0.0001
mPAP (mm Hg) 40 +/— 14 23 +/=5 0.001
Cardiac index (L/min/m?) 23 +/—07 31+/—05 <0.0001
5. Conclusions
RV to LV volume ratio, measurable on cardi provides informa-

tion concerning both RV enlargement £

iological mechanisms in CTEPH.
the RV:LV volume ratio on M

lian Post@raduate Award, Postgraduate

, Bonderman D, Yuan J. Risk factors and basic mechanisms of

derstanding. Eur Respir ] 2013;41:462-8.

oordegraaf A, Fadel E, Lang IM, Simonneau G, Naeije R. Vascular

icular remodeling in chronic thromboembolic pulmonary hyperten-

. Eur Respir ] 2013;41:224-32.

M, McRae K, Shargall Y, Thengannat J, Moric J, Mak S, et al. Early postopera-

monary vascular compliance predicts outcome after pulmonary endarterecto-

my for chronic thromboembolic pulmonary hypertension. Chest 2011;140(1):34-41.

[4] Condliffe R, Kiely DG, Gibbs JSR, Corris PA, Peacock AJ, Jenkins DP, et al. Prognostic
and aetiological factors in chronic thromboembolic pulmonary hypertension. Eur
Respir ] 2009;33:332-7.

[5] Mayer E, Jenkins DP, Lindner ], D'Armini A, Kloek JJ, Meyns B, et al. Surgical management
and outcome of patients with chronic thromboembolic pulmonary hypertension:
results from an international prospective registry. ] Heart Lung Transplant
2011;141:702-10.

[6] Ishida K, Masuda M, Tanabe N, Matsumiya G, Tatsumi K, Nakajima N. Long-term out-
come after pulmonary endarterectomy for chronic thromboembolic pulmonary hy-
pertension. ] Heart Lung Transplant 2012;144(2):321-6.

[7] Rahnavardi M, Yan TD, Cao C, Vallely MP, Bannon PG, Wilson MK. Pulmonary
thromboendarterectomy for chronic thromboembolic pulmonary hypertension: a
systematic review. Ann Thorac Cardiovasc Surg 2011;17:435-45.

[8] Van der Plas MN, Sulaiman S, Reesink H]J, van Steenwijk R, Kloek ], Bresser P. Longi-
tudinal follow-up of six minute walk distance after pulmonary endarterectomy. Ann
Thorac Surg 2011;91:1094-9.

[9] Strugnell WE, Slaughter RE, Riley RA, Trotter AJ, Bartlett H. Modified RV short axis
series-a new method for cardiac MRI measurement of right ventricular volumes.
] Cardiovasc Magn Reson 2005;7:769-74.

[10] Stevens G, Garcia-Alvarez A, Sahni S, Garcia MJ, Fuster V, Sanz ]. RV dysfunction in
pulmonary hypertension is independently related to pulmonary artery stiffness.
JACC Cardiovasc Imaging 2012;5:378-87.

[11] Miyamoto S, Nagaya N, Satoh T, Kyotani S, Sakamaki F, Fujita M, et al. Clinical
correlates and prognostic significance of six-minute walk test in patients with
primary pulmonary hypertension. Am | Respir Crit Care Med 2000;161:487-92.

[12] Bernheim PI. De I'asystolie veineuse dans I'hypertrophie du coeur gauche par
stenose concomitante du ventricule droit. Rev Med 1910;39:785-94.

[13] Bove AA, Santamore WP. Ventricular interdependence. Prog Cardiovasc Dis
1981;23(5):365-88.

[14] Gurudevan SV, Malouf PJ, Auger WR, Waltman T, Madani M, Raisinghani AB, et al.
Abnormal left ventricular diastolic filling in chronic thromboembolic pulmonary
hypertension. ] Am Coll Cardiol 2007;49:1334-9.

[15] Mahmud E, Raisinghani AB, Hassankhani A, Sadeghi HM, Strachan M, Auger WR,
et al. Correlation of left ventricular diastolic filling characteristics with right
ventricular overload and pulmonary artery pressure in chronic thromboembolic
pulmonary hypertension. ] Am Coll Cardiol 2002;40:318-24.

[16] Marcus T, Vonk-Noordegraaf A, Roeleveld R, Postmus PE, Heethaar R, Van Rossum A,
et al. Impaired left ventricular filling due to right ventricular pressure overload in
primary pulmonary hypertension: non invasive monitoring using MRI. Chest
2001;119:1761-5.

[17] Olson N, Brown ], Kahn A, Auger W, Madani M, Waltman T, et al. Left ventricular
strain and strain rate by 2D speckle tracking in chronic thromboembolic pulmonary


http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0130
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0130
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0135
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0135
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0135
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0010
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0010
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0010
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0015
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0015
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0015
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0020
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0020
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0020
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0020
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0025
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0025
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0025
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0030
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0030
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0030
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0035
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0035
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0035
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0040
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0040
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0040
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0045
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0045
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0045
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0050
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0050
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0050
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0055
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0055
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0060
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0060
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0065
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0065
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0065
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0070
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0070
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0070
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0070
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0075
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0075
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0075
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0075
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0140
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0140
image of Fig.�5

S. Jaijee et al. / IJC Heart & Vessels 1 (2013) 17-21 21

hypertension before and after pulmonary thromboendarterectomy. Cardiovasc
Ultrasound 2010;8(43).

[18] Hardziyenka M, Campian ME, Reesink H]J, Surie S, BJ B, Groenink M, et al. Right
ventricular failure following chronic pressure overload is associated with reduction
in left ventricular mass. ] Am Coll Cardiol 2011;57:921-8.

[19] Hardziyenka M, Campian ME, Verkerk AO, Sulaiman S, van Ginneken ACG, Hakim S,
et al. Electrophysiologic remodeling of the left ventricle in pressure overload-
induced right ventricular failure. ] Am Coll Cardiol 2012;59:2193-202.

[20] Marcus T, Tji-Joong Gan C, Zwanenburg JM, Boonstra A, Allart CP, Gotte MJW, et al.
Interventricular mechanical asynchrony in pulmonary arterial hypertension. ] Am
Coll Cardiol 2008;51:750-7.

[21] Tji-Joong Gan C, Lankhaar J-W, Marcus T, Westerhof N, Marques KM, Bronzwaer JGF,
et al. Impaired left ventricular filling due to right-to-left ventricular interaction in
patients with pulmonary arterial hypertension. Am J Physiol Heart Circ Physiol
2006;290:1528-33.

[22] Menzel T, Wagner S, Kramm T, Mohr-Kahaly S, Mayer E, Braeuninger S, et al.
Pathophysiology of impaired right and left ventricular function in chronic embolic
pulmonary hypertension: changes after pulmonary thromboendarterectomy.
Chest 2000;118:897-903.

[23] Lurz P, Puranik R, Nordmeyer ], Muthurangu V, Hansen M, Schievano S, et al.
Improvement in left ventricular filling properties after relief of right ventricle to
pulmonary artery conduit obstruction: contribution of septal motion and interven-
tricular mechanical delay. Eur Heart ] 2009;30:2266-74.

[24] Kardon DE, Borezuk AC, Factor SM. Mechanism of pericardial expansion with cardiac
enlargement. Cardiovasc Pathol 2000;9:9-15.

[25] Kreitner K-F, Ley S, Kauczor H-U, Mayer E, Kramm T, Pitton M, et al. Chronic
thromboembolic pulmonary hypertension: pre and postoperative
assessment with breath-hold mr imaging techniques. Radiology
2004;232(2):535-43.

[26] Reesink HJ, Marcus T, Igor T, Jamieson S, Kloek JJ, Vonk-Noordegraaf A, et al. Reverse
right ventricular remodeling after pulmonary endarterectomy in patients with
chronic thromboembolic pulmonary hypertension: utility of magnetic resonance
imaging to demonstrate restoration of the right ventricle. ] Thorac Cardiovasc Surg
2007;133:58-64.

[27] Surie S, Bouma B, Bruin-Bon R, Hardziyenka M, Kloek JJ, Van der Plas MN, et al. Time
course of restoration of systolic and diastolic right ventricular function after pulmo-
nary endarterectomy for chronic thromboembolic pulmonary hypertension. Am
Heart ] 2011;161:1046-52.

[28] Spiewak M, Malek I, Petryka ], Mazurkiewic:
ratio of right ventricular volume to left veg

R Biernacka EK, et al. The
eflects the impact of
pnary regurgitation

[29] Lee H, Kim SY, Lee SJ, Kim JK, Reddy

hypertension: correlation wj
echocardiography. Eur Radg

sure estimated by


http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0140
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0140
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0080
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0080
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0080
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0145
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0145
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0145
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0085
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0085
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0085
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0090
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0090
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0090
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0090
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0095
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0095
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0095
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0095
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0100
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0100
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0100
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0100
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0105
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0105
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0110
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0110
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0110
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0110
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0115
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0115
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0115
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0115
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0115
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0120
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0120
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0120
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0120
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0150
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0150
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0150
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0150
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0125
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0125
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0125
http://refhub.elsevier.com/S2214-7632(13)00003-5/rf0125



