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Background. Right ventricular (RV) dysfunction is
ssociated with increased morbidity and mortality in
atients with chronic thromboembolic pulmonary hyper-

ension (CTEPH) who undergo pulmonary endarterec-
omy (PEA). We studied whether plasma brain natriuretic
eptide (BNP) levels can be used to identify RV dysfunc-

ion in CTEPH patients. Therefore, plasma BNP levels
ere studied in relation to cardiac remodeling and func-

ion as determined by cardiac magnetic resonance imag-
ng (MRI).

Methods. Thirty-eight patients with CTEPH (55 � 15
ears), and ten healthy controls (46 � 15 years) were
tudied. The BNP was determined by an immunoradio-
etric assay.
Results. The CTEPH patients had a mean pulmonary

rtery pressure of 49 � 13 mm Hg, cardiac index 2.1 �
.7 l · min�1 · m�2, and pulmonary vascular resistance of
67 � 432 dynes · s · cm�5. In CTEPH patients, compared
ith controls, right ventricular (RV) remodeling was

emonstrated. In the patients, BNP was increased and
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orrelated (all p < 0.0001; Spearman rank test) with MRI
arameters of RV remodeling and function: end diastolic

r � 0.71) and end systolic (r � 0.74) volumes, RV mass
r � 0.68), leftward ventricular septal bowing (r � �0.80)
nd ejection fraction (EF; r � �0.81). By receiver operat-
ng curve analysis, BNP levels of 11.5 picomole (pmol)/L
nd 48.5 pmol/L, respectively, detected RV dysfunction
s defined by RVEF less than 0.45 and less than 0.30,
espectively, with high sensitivity and specificity. Hemo-
ynamically, BNP levels greater than 48.5 pmol/L iden-

ified the most severely affected patients.
Conclusions. In CTEPH patients, BNP levels correlate
ith RV remodeling and can be used to identify RV
ysfunction. Future studies are warranted on the role of
NP to identify “high risk” CTEPH patients and its

elation to postoperative hemodynamic outcome, RV
ailure, and mortality.

(Ann Thorac Surg 2007;84:537–43)

© 2007 by The Society of Thoracic Surgeons
hronic thromboembolic pulmonary hypertension
(CTEPH) results from incomplete resolution of the

ascular obstruction caused by pulmonary thromboem-
oli [1]. If left untreated, prognosis in CTEPH is poor and
roportional to the degree of pulmonary hypertension

2]. Advanced CTEPH leads to cardiac remodeling, in-
luding right ventricular (RV) dilatation and hypertro-
hy, tricuspid regurgitation, and leftward ventricular
eptal bowing, with consequent impact on cardiac func-
ion. As a result, death in most CTEPH patients is caused
y progressive RV failure. Pulmonary endarterectomy

PEA) is the therapy of choice for patients with surgically
ccessible CTEPH [1, 3, 4]. This intervention, however,
oes not come without potential risk, with mortality
gures ranging from 5% to 24% of operated cases [1]. In

hese patients, preoperative RV dysfunction is associated

ccepted for publication April 2, 2007.

ddress correspondence to Dr Bresser, Academic Medical Center, Uni-
ith increased morbidity and mortality [5–7]. Better pre-
perative identification of RV dysfunction and subse-
uent preoperative medical treatment may improve
ostoperative outcome [8–10].
Magnetic resonance imaging (MRI) is a highly accu-

ate method to quantify RV function and dimensions in
TEPH patients [11] and is an accepted tool for the
ssessment of RV function and remodeling [12, 13].
ardiac MRI, however, is not part of a routine work-up

n CTEPH patients; it requires specific expertise, is
ime consuming, and expensive. Thus, a noninvasive
arameter that can identify patients with RV dysfunc-

ion is desirable.
Plasma brain natriuretic peptide (BNP) is a natri-

retic hormone secreted by the cardiac ventricles in
esponse to stretch [14]. The BNP levels were demon-
trated to be increased in left [15, 16] and right [17–19]
entricular heart disease. In CTEPH, BNP levels were
emonstrated to correlate with hemodynamic severity

f disease [17, 20, 21].

0003-4975/07/$32.00
doi:10.1016/j.athoracsur.2007.04.006
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The aim of the present study was to analyze whether
NP levels can be used to identify RV dysfunction in
TEPH patients. Therefore, we studied plasma BNP

evels in relation to cardiac remodeling and function as
etermined by cardiac MRI.

atients and Methods

rospectively, we studied 38 out of 43 consecutive pa-
ients (18 male, median age 57, range 25 to 78 years)
iagnosed with CTEPH, referred to the Academic Med-

cal Center of the University of Amsterdam. Two patients
efused to participate because of claustrophobia and
hree patients could not be included for logistical rea-
ons. Diagnoses of CTEPH and cardiopulmonary hemo-
ynamics were determined by pulmonary angiography
nd right heart catheterization [22]. Pulmonary hyperten-
ion was defined as mean pulmonary artery pressure
mPAP) greater than 25 mm Hg at rest or greater than 30

m Hg during exercise. At inclusion in the study, no
atient received specific medical treatment for pulmonary
ypertension. All patients received oral anticoagulants for
t least three months. Patients with renal insufficiency
creatinine �115 �mol · L�1), concomitant left-sided heart
isease, uncontrolled systemic hypertension, or uncon-

rolled diabetes mellitus were excluded from the study.
oronary angiography was part of the preoperative
ork-up and routinely performed in all patients older

han 50 years of age, and in patients older than 40 years
f age if they had a history of smoking. Ten age-matched
onsmoking healthy volunteers (5 male; age 51; range, 27

o 60 years) served as controls.
In 32 patients included in this study, a PEA was

erformed. The PEA was performed according to the
rotocol of the University of California San Diego [1, 7,
3]. Five patients were considered to have distal, inoper-
ble CTEPH. In one additional patient with exercise-
nduced pulmonary hypertension a PEA was postponed.
ostoperative hemodynamic characteristics were deter-
ined on the first or second day after PEA, before

emoval of the Swan-Ganz catheter (Edwards Life-
ciences, Irvine, CA). All patients and controls gave

nformed consent to the study protocol, which was ap-
roved by the local ethical committee.

RI Measurement
he MRI was performed before PEA with a four-element
ody phased-array coil and a 1.5 T whole body system

Sonata; Siemens Medical Solutions, Erlangen, Ger-
any). The MRI breath-hold cine imaging was electro-

ardiographically triggered, and performed in the cardiac
hort-axis view in a stack of parallel imaging planes
overing the left and right ventricles from base to apex. A
poiled gradient echo sequence was used as specified by
thers [11]. From this stack of short-axis cine images, the
V and left ventricular (LV) volumes were calculated for
ach temporal frame in the cardiac cycle, using the MR
nalytical Software System (Medis, Leiden, The Nether-

ands). The end-diastolic volume (EDV) and end-systolic

olume (ESV) were assessed from the stack of parallel M
hort-axis images, and ejection fraction (EF) and stroke
olumes (SV) were subsequently calculated. The RV and
V myocardial masses were assessed from the stack of
arallel short-axis images by manual detection of endo-
ardial and epicardial borders on each slice, also using
he MR Analytical Software System. Cardiac volume and

ass were corrected for body surface area. Interventric-
lar septal bowing was quantified by the curvature

defined as 1 divided by the radius of curvature in
entimeters) as described previously [23]. Positive values
f this curvature ratio denote (physiologic) rightward
eptal bowing, and negative values denote leftward ven-
ricular septal bowing.

lood Sampling and BNP Assay
lood was obtained at rest in a horizontal position from

he brachiocephalic vein for plasma (ethylenediamine-
etra-acetic acid), centrifuged at 3,000 rpm for 10 minutes
t 4°C, and subsequently stored at �80°C until analysis.
he BNP was determined with an immunoradiometric
ssay (ShionoRIA BNP; Shionogi Pharmaceutical, Osaka,
apan) [24].

unctional Classification
ach patient was functionally classified according to the
odified New York Heart Association (NYHA) classifi-

ation of the World Health Organization [25].

tatistical Analysis
ata are expressed as mean � standard deviation, or as
edian (range), as indicated in the text. All calculations
ere performed with a statistical package (SPSS 11.5;
PSS Inc, Chicago, IL). The unpaired Student t test was
sed to test the difference between patients and controls.
nivariate correlations between BNP levels and MRI
arameters were analyzed with the Spearman rank cor-
elation test, and were tested for two-sided significance.
ubsequently, stepwise linear regression analysis was
erformed with the parameters, which showed a signif-

cant correlation. To further investigate the correlation
etween BNP levels and RV dysfunction a receiver op-
rating characteristic (ROC) curve analysis was per-
ormed. The BNP cutoff value to detect RV dysfunction
as chosen from the optimal combined sensitivity versus

pecificity relation. The RV dysfunction was defined as
V ejection fraction (EF) less than 0.45 measured by MRI;

hat is two standard deviations below the lower limit of
ean RVEF of the healthy controls. To select CTEPH

atients with the most severely compromised RV func-
ion, a ROC curve analysis was also performed for BNP
nd a RVEF less than 0.30. The patients were then
ivided into three groups according to whether the
reoperative BNP level was below or above this cutoff
oint. Hemodynamic and functional characteristics be-

ween the groups were analyzed by the Kruskal-Wallis
est. In case of an overall statistical difference, the differ-
nces between two groups were further analyzed using

ann-Whitney U test.
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esults

atient Characteristics
emodynamic characteristics of the patients are summa-

ized in Table 1. Most patients suffered from moderate to
evere pulmonary arterial hypertension with a median
PAP of 46 mm Hg (range, 20 to 75), a median cardiac

ndex (CI) of 2.00 L · min�1 · m�2 (range, 1.20 to 4.40), and

able 2. Magnetic Resonance Imaging Characteristics of
hronic Thromboembolic Pulmonary Hypertension Patients
nd Healthy Controls

haracteristics CTEPH (n � 38) Controls (n � 10)

ight ventricle:
RV EDV, mL · m�2 90 � 39 65 � 15b

RV ESV, mL · m�2 61 � 39 23 � 10a

RV SV, mL · m�2 28 � 7 41 � 7a

RV EF, % 36 � 15 66 � 9a

RV mass, g · m�2 45 � 18 21 � 5a

eft ventricle:
LV EDV, mL · m�2 50 � 12 64 � 14b

LV ESV, mL · m�2 21 � 8 22 � 9 ns
LV SV, mL · m�2 28 � 7 42 � 7a

LV EF 0.58 � 0.1 0.67 � 0.09c

LV mass, g · m�2 72 � 17 65 � 11 ns
urvature, cm�1 �0.05 � 0.18 0.30 � 0.06a

p � 0.0001; b p � 0.01; c p � 0.05.

ata expressed as mean � SD.

TEPH � chronic thromboembolic pulmonary hypertension; EDV/
SV � end diastolic/systolic volume; EF � ejection fraction; ns �

able 1. Baseline Characteristics of Chronic Thromboembolic
ulmonary Hypertension Patients

haracteristics Patients (n � 38)

ge, yrs 55 � 15
emale/male 20/18
SA, m�2 1.99 � 0.25
YHA, No.:
II 6
III 27
IV 5

esting hemodynamics:
mPAP, mm Hg 49 � 13
CI, L · min�1 · m�2 2.1 � 0.7
PVR, dynes · s · cm�5 867 � 432
mRAP, mm Hg 11 � 5
PCPW, mm Hg 9 � 3
SVo2, % 59 � 9 (n � 36)
Sao2, % 91 � 4 (n � 32)

ata expressed as mean � SD.

SA � body surface area; CI � cardiac index; mPAP � mean
ulmonary artery pressure; mRAP � mean right atrial pressure;
YHA � New York Heart Association; PCPW � pulmonary capillary
edge pressure; PVR � pulmonary vascular resistance; Sao2 �

rterial oxygen saturation; SVo2 � mixed venous oxygen saturation.
o
o significant difference; RV/LV � right/left ventricle; SV � stroke
olume.
median pulmonary vascular resistance (PVR) of 863
ynes · s · cm�5 (range, 114 to 1,748). Coronary artery
isease was not present in any of the patients studied.

ig 1. Correlation between brain natriuretic peptide (BNP) levels
nd right ventricular ejection fraction (RVEF); Spearman r � �0.81,
� 0.0001. Dashed lines on the x axis indicate RVEF of 0.45 and

.30, respectively. Dashed lines on the y axis indicate BNP levels of
8.5 and 11.5 pmol/L, respectively, as obtained from the receiver

able 3. Correlations Between Brain Natriuretic Peptide
evels and Parameters of Right Ventricular Remodeling in
hronic Thromboembolic Pulmonary Hypertension Patients

n � 38)

Right
Ventricle

Left
Ventricle

DV, mL · m�2 0.71a �0.04
SV, mL · m�2 0.74a 0.18
V, mL · m�2 �0.20 �0.26
ass, g · m�2 0.68a 0.03
urvature (1/R), cm�1 �0.80a

p � 0.0001: Spearman rank correlation test.

DV/ESV � end diastolic/systolic volume; SV � stroke volume.

able 4. Correlations Between BNP Levels and
emodynamic Parameters in Chronic Thromboembolic
ulmonary Hypertension Patients (n � 38)

Spearman r p Value

PAP, mm Hg 0.74 �0.0001
I, L · min�1 · m�2 �0.64 �0.0001
VR, dynes · s · cm�5 0.84 �0.0001
RAP, mm Hg 0.55 0.001

CPW, mm Hg 0.17 Ns
Vo2, % (n � 36) �0.70 �0.0001
ao2, % (n � 32) �0.38 0.03

I � cardiac index; mPAP � mean pulmonary artery
ressure; mRAP � mean right atrial pressure; Ns � not signifi-
ant; PCPW � pulmonary capillary wedge pressure; PVR �
ulmonary vascular resistance; Sao2 � arterial oxygen saturation;
Vo2 � mixed venous oxygen saturation.
perating characteristic curve analysis (see Fig 2).
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RI Analysis
n the CTEPH patients compared with the healthy con-
rols (Table 2), RVEDV and RVESV were increased,
hereas SV and EF were decreased. The RV dysfunction

EF � 0.45) was present in 27 (71%) patients. Severe RV
ysfunction (EF � 0.30) was present in 16 patients (42%).
oreover, RV mass and interventricular septal bowing

iffered significantly between patients and controls (Ta-
le 2). In the CTEPH patients, LVEDV was significantly
ecreased compared with controls, whereas LVESV did
ot differ. As a consequence, LVSV and LVEF were
ignificantly lower in patients as compared with controls.

NP Levels and Right Ventricular Remodeling
lasma BNP levels in CTEPH patients were increased
ompared with the controls (53 � 51 pmol/L vs 3 � 2
mol/L, p � 0.0001). The BNP levels correlated signifi-

able 5. Clinical and Hemodynamic Characteristics for BNP
urve Analysis

haracteristics

I
BNP �11.5

(n � 13)

II
11.5 � BNP �4

(n � 8)

ge, yrs 58 (25–75) 57 (29–70)
emale/male 8/5 5/3
YHA, n
II 6 0
III 7 8
IV 0 0

esting hemodynamics
mPAP, mm Hg 37 (20–48) 46 (43–65)
CI, L · min�1 · m�2 2.5 (1.6–4.4) 2.0 (1.5–2.8)
PVR, dynes · s · cm�5 464 (114–862) 832 (592–1005
mRAP, mm Hg 8 (3–15) 9 (5–14)
PCPW, mm Hg 7 (5–14) 8 (5–16)
SVo2, % 65 (60–73) 60 (55–66)
Sao2, % 93 (87–98) 89 (83–94)

alues are expressed as median (range).

tatistics are performed with the Mann-Whitney U test.

NP � brain natriuretic peptide; CI � cardiac index; mPAP �

ig 2. Receiver operating char-
cteristic curves of plasma brain
atriuretic peptide (BNP) levels

o predict right ventricular dys-
unction as defined by ejection
raction 0.45 (A), and 0.30 (B).
AUC � area under the curve.)
YHA � New York Heart Association; PCPW � pulmonary capillary wedg
xygen saturation; SVo2 � mixed venous oxygen saturation.
antly with all parameters reflecting RV remodeling; ie,
DV and ESV, RV mass, and septal bowing (Table 3). In
ontrast, BNP levels did not correlate with any parameter
f LV function (Table 3).
Moreover, BNP levels also correlated with hemody-

amic parameters reflecting the severity of the pulmo-
ary hypertension (Table 4).

NP Levels and Severity of Right Ventricular
ysfunction

he BNP levels also inversely correlated with RVEF (Fig 1).
y stepwise linear regression analysis, RVEF and LV
eptal bowing were shown to be independently associ-
ted with BNP levels (model: r2 � 0.574; RVEF: beta �
0.444; leftward ventricular septal bowing: beta �
0.363; p � 0.0001). By ROC analysis (Fig 2A), a BNP

evel of 11.5 pmol/L was shown to detect RVEF less

es According to Receiver Operating Characteristic

III
BNP �48.5

(n � 17)
p Value
I vs. II

p Value
I vs. III

p Value
II vs. III

56 (30–78) NS NS NS
7/10 NS NS NS

0
12
5

57 (40–75) �0.001 �0.0001 �0.05
1.7 (1.2–2.5) NS �0.0001 �0.02

1236 (628–1748) �0.002 �0.0001 �0.001
13 (7–22) NS �0.002 �0.02
10 (5–18) NS NS NS
52 (36–68) �0.02 �0.002 NS
90 (82–98) NS NS NS

pulmonary artery pressure; mRAP � mean right atrial pressure;
Rang

8.5

)

mean

e pressure; PVR � pulmonary vascular resistance; Sao2 � arterial
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han 0.45 with a sensitivity and specificity of 89% and
00%, respectively. By ROC analysis (Fig 2B), a BNP
evel of 48.5 pmol/L was shown to detect RVEF less
han 0.30 with a sensitivity and specificity of 88% and
6%, respectively.
Hemodynamic and RV functional characteristics of

he three groups of patients (ie, BNP � 11.5 pmol/L, BNP
1.5 – 48.5 pmol/L, and BNP � 48.5 pmol/L, are summa-
ized in Tables 5 and 6. Hemodynamic severity of dis-
ase, as well as the level of impairment of RV function
MRI), differed significantly among the three groups of
atients. In contrast, MRI parameters of LV function did

able 6. Magnetic Resonance Imaging Characteristics for BNP
urve Analysis

I
BNP �11.5

(n � 13)

II
11.5 � BNP �4

(n � 8)

ight ventricle
EDV, mL · m�2 55 (27–119) 84 (65–107)
ESV, mL · m�2 28 (12–80) 52 (40–78)
SV, mL · m�2 30 (11–42) 29 (23–35)
EF, % 55 (33–69) 36 (26–41)
Mass, g · m�2 31 (17–48) 36 (26–41)

eft ventricle
LV EDV, mL · m�2 52 (26–86) 47 (31–60)
LV ESV, mL · m�2 19 (8–40) 20 (7–32)
LV SV, mL · m�2 31 (13–46) 27 (23–35)
LV EF, % 58 (49–78) 56 (47–76)
LV mass, g · m�2 70 (52–94) 62 (50–111)

urvature, cm�1 0.12 (�0.16–0.37) �0.08 (�0.29�0

alues are expressed as median (range).

tatistics are performed with the Mann-Whitney U test.

NP � brain natriuretic peptide; EDV � end diastolic volume;
entricle; NS � not significant.

able 7. Preoperative and Postoperative Hemodynamic Chara
hromboembolic Pulmonary Hypertension

haracteristics

I
BNP �11.5

(n � 10)

II
11.5 � BNP

(n � 8

emodynamics before PEA
mPAP, mm Hg 38 (20–48) 46 (43–65
CI, L · min�1 · m�2 2.4 (1.6–2.8) 2.0 (1.5–2
TPR, dynes · s · cm�5 693 (254–985) 976 (720–1
emodynamics after PEA
mPAP, mm Hg 21 (13–24) 27 (20–33
CI, L · min�1 · m�2 2.5 (1.8–3.5) 2.5 (1.5–3
TPR, dynes · s · cm�5 303 (221–472) 434 (296–6
eath 0 0

alues are expressed as median (range).

tatistics are performed with the Mann-Whitney U test.

NP � brain natriuretic peptide; CI � cardiac index; mPAP � me
ndarterectomy; TPR � total pulmonary resistance.
ot differ among the three groups (Table 6). o
Patients with BNP greater than 48.5 pmol/L not only
epresented patients with severely impaired RV function,
ut also the patients with the most severe pulmonary
ypertension (Table 5). In these patients, also RV remod-
ling (ie, RV dilatation and hypertrophy and the degree
f leftward ventricular septal bowing) was by far most
ronounced (Table 6).

utcome After Pulmonary Endarterectomy
ostoperative hemodynamic outcome in the three groups
f patients is summarized in Table 7. Patients with BNP

ess than 11.5 pmol/L had an excellent hemodynamic

nges According to Receiver Operating Characteristic

III
BNP �48.5

(n � 17)
p Value
I vs. II

p Value
I vs. III

p Value
II vs. III

97 (61–195) �0.05 �0.0001 NS
76 (38–170) �0.005 �0.0001 �0.05
25 (16–38) NS NS NS
21 (13–50) �0.001 �0.0001 �0.01
60 (29–84) �0.001 �0.0001 �0.05

49 (31–65) NS NS NS
23 (12–36) NS NS NS
25 (16–38) NS NS NS
54 (41–76) NS NS NS
71 (46–110) NS NS NS

�0.15 (�0.41�0.02) �0.001 �0.0001 �0.05

� ejection fraction; ESV � end systolic volume; LV � left

tics for the Patients (n � 32) With Chronic

5
III

BNP �48.5
(n � 14)

p Value
I vs. II

p Value
I vs. III

p Value
II vs. III

59 (40–75) 0.002 �0.0001 �0.02
1.8 (1.3–2.5) NS �0.005 �0.05

1492 (716–2031) �0.05 �0.0001 �0.005

30 (23–55) �0.005 �0.0001 0.08
2.2 (1.4–4.2) NS NS NS
554 (256–1200) 0.056 �0.005 NS

3 NS NS NS

lmonary artery pressure; NS � not significant; PEA � pulmonary
Ra

8.5

.03)
cteris

�48.
)

)
.8)
333)

)
.3)
34)

an pu
utcome; that is, mPAP normalized in all patients. In
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ontrast, 11 out of 14 patients with BNP greater than 48.5
mol/L had (by definition) residual pulmonary hyperten-
ion (mPAP � 25 mm Hg; range, 26 to 55 mm Hg), of
hom six had a mPAP greater than 30 mm Hg. In

ddition, in this group three patients died postopera-
ively, two of progressive right heart failure caused by
ersistent pulmonary hypertension and one of postoper-
tive massive alveolar hemorrhage. Patients with BNP
evels between 11.5 and 48.5 pmol/L had an intermediate
emodynamic outcome (Table 7).

omment

his is the first study in CTEPH patients, that demon-
trated that plasma BNP levels correlated with parame-
ers of RV remodeling and dysfunction as assessed by
ardiac MRI. Moreover, we demonstrated that BNP may
erve as a noninvasive marker to identify RV dysfunction
n CTEPH patients prior to pulmonary endarterectomy.

In the present study, BNP levels correlated strongly
ith all parameters reflecting the severity of RV remod-

ling. Moreover, by ROC curve analysis, BNP greater
han 11.5 pmol/L was demonstrated to be highly sensitive
nd specific to identify CTEPH patients with RV dysfunc-
ion. Plasma BNP levels, in relation to RV remodeling and
ysfunction as determined by cardiac MRI, were not
tudied before. The potential usefulness of BNP as a
oninvasive marker of RV dysfunction has been demon-
trated before in patients with acute pressure overload
ue to acute pulmonary embolism [26, 27]. In patients
uffering from chronic RV volume and (or) pressure
verload, the correlation between BNP levels and RV
ysfunction was studied before using electron beam
omputed tomography [17]. In CTEPH, Nagaya and col-
eagues [21] demonstrated that BNP levels correlated
ith the hemodynamic severity of disease and could be
sed postoperatively to asses the efficacy of PEA.
Based upon the present observations, increased BNP

evels can be used to identify CTEPH patients with RV
ysfunction. A BNP greater than 48.5 pmol/L detected
evere RV dysfunction (EF � 0.30) with high sensitivity and
pecificity. Hemodynamically and clinically, this group of
atients also represented the most severely affected pa-

ients. It has been demonstrated before [6, 7] that after PEA
hese patients (ie, mPAP � 50 mm Hg, cardiac index (CI) �
.0 L · min · m�2, PVR � 1000 dynes · s · cm�5, and [or]
YHA class IV disease) are at risk for hemodynamic

nstability, progressive RV failure, and death after PEA. It
s of major importance to identify these patients prior to
EA. Because cardiac dysfunction cannot be reliably
ssessed by right heart catheterization, BNP might serve
s an additional noninvasive parameter to better identify
hese “high-risk” patients prior to surgery. Currently, in
he work-up for PEA, the best test routinely used to
redict outcome is to match the degree of hemodynamic
everity of disease (ie, mPAP and PVR), with the degree
f the angiographic pulmonary obstruction.
Although based upon the present observations, BNP

ppears a useful, noninvasive parameter to identify pa-

ients with RV dysfunction; however, in fact, its useful-

1

ess in daily clinical practice still needs to be proven.
his study was not designed to study BNP levels in
elation to postoperative hemodynamic outcome, RV
ailure, or mortality. Most of the clinically more severely
ffected patients were treated preoperatively while wait-
ng for surgery with epoprostenol, bosentan, and (or)
ildenafil. Neither the BNP level nor the MRI parameters
f RV function were known at the time this treatment was

nitiated. Despite these obvious limitations, hemody-
amic outcome differed significantly among the three
roups of patients. Moreover, postoperative deaths were
bserved in the most severely affected patients; that is,
atients with BNP greater than 48.5 pmol/L, only. Taken

ogether, these observations support the notion that
reoperative BNP levels can be used as a tool for risk
tratification of CTEPH patients prior to PEA.

The BNP levels may be influenced by rhythm irregu-
arities, left heart disease, renal insufficiency, and hypox-
mia. However, all patients studied had sinus rhythm,
id not suffer from concomitant left heart disease, and
one had renal insufficiency. We identified 11 patients
ith arterial oxygen saturation below 90%; however,
xygen saturation did not differ among the three groups
f patients.
In conclusion, we demonstrated that plasma BNP cor-

elates with parameters of RV remodeling and can be
sed to identify RV dysfunction in CTEPH patients. Our
bservations warrant future studies in a larger number of
atients on the usefulness of preoperative BNP levels to

dentify RV dysfunction in high-risk CTEPH patients and
heir relation to postoperative hemodynamic outcome,
V failure, and mortality.
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