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Heart-type fatty acid-binding protein for risk
assessment of chronic thromboembolic
pulmonary hypertension

M. Lankeit**, C. Dellas**, A. Panzenbock”, N. Skoro-Sajer”, D. Bonderman?,
M. Olschewski', K. Schifer*, M. Puls*, S. Konstantinides* and 1.M. Lang#

ABSTRACT: Heart-type fatty acid-binding protein (H-FABP) is a reliable marker of myocardial
injury and was recently identified as a predictor of outcome in acute pulmonary embolism. The
aim of the present study was to investigate the prognostic value of H-FABP in chronic
thromboembolic pulmonary hypertension (CTEPH).

In total, 93 consecutive patients with CTEPH were studied. During long-term follow-up (median
duration 1,260 days, interquartile range (IQR) 708-2,460 days), 46 (49%) patients had an adverse
outcome, defined as CTEPH-related death, lung transplantation or persistent pulmonary
hypertension after pulmonary endarterectomy (PEA).

Baseline H-FABP levels in plasma ranged from 0.69-24.3 ng-mL™" (median (IQR) 3.41 (2.28-
4.86) ng-mL™"). Cox regression analysis revealed a hazard ratio of 1.10 (95% confidence interval
1.04-1.18) for each increase of H-FABP by 1 ng-mL™, and continuous elevations of H-FABP
emerged as an independent predictor of adverse outcome by multivariable analysis. PEA was
performed in 52 patients and favourably affected the long-term outcome. Kaplan-Meier analysis
revealed that patients with baseline H-FABP concentrations >2.7 ng-mL™!, the median value of the
biomarker in the surgically treated population, had a lower probability of event-free survival

after PEA.

Heart-type fatty acid-binding protein is a promising novel biomarker for risk stratification of
patients with chronic thromboembolic pulmonary hypertension.
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tension (CTEPH) is a life-threatening con-

dition which is increasingly being
recognised as one of the leading causes of severe
pulmonary hypertension (PH) [1-3]. Its pathogen-
esis is still poorly understood and its association
with venous thromboembolism remains contro-
versial. This is partly because the factors predis-
posing to these two syndromes are not identical,
and up to 60% of patients with CTEPH deny
previous symptoms of acute pulmonary embolism
(PE) [4, 5]. Nevertheless, it is generally believed
that single or recurrent thromboembolic events in
the lung may initiate an aberrant process of
thrombus organisation, followed by progressive
pulmonary vascular remodelling and obliteration.
Early studies suggested that only 0.1-0.5% of
patients who survive an acute episode of PE
eventually present with CTEPH [5], but more
recent data indicate that the true proportion of

C hronic thromboembolic pulmonary hyper-
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patients developing this complication may be
higher, ranging from 1-3.8% over a 2- to 4-yr
period [6, 7]. Viewed in the context of an annual PE
incidence of ~50 cases per 100,000 population [8],
these rates highlight the disease burden imposed
by CTEPH on patients and healthcare systems.

As in other forms of acute and chronic PH, the
natural course and prognosis of CTEPH are
largely determined by the progressive develop-
ment of right ventricular dysfunction and failure.
Baseline clinical and haemodynamic findings are
of established value in severity assessment and
identification of candidates for pulmonary endar-
terectomy (PEA) [1]. In addition, a number of
studies on pulmonary arterial hypertension, three
of which included a small subgroup of patients
with CTEPH (five to 19 individuals) [9-11],
suggested that cardiac biomarkers such as tropo-
nin T and N-terminal pro brain natriuretic
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peptide (NT-proBNP) might be helpful tools for optimising
risk stratification.

Heart-type fatty acid-binding protein (H-FABP) appears to
offer a number of theoretical and practical advantages over
cardiac troponins for the detection of myocardial injury [12,
13]. Recently, PuLs et al. [14] and KACzyNskA et al. [15]
identified H-FABP as an early, highly sensitive and specific
indicator of death or serious complications in acute PE. In the
present study, the prognostic value of this biomarker was
assessed in a large, single-centre population of 93 consecutive
patients with CTEPH followed over a median period of
~3.5 yrs. The results indicate that H-FABP is more sensitive
than cardiac troponins in predicting an adverse outcome in
this setting. Elevated H-FABP levels at diagnosis may help
identify patients with a high risk of death, a need for lung
transplantation or persistent PH after PEA, and their prog-
nostic value appears to be independent of baseline haemody-
namic parameters.

METHODS

Patient population and study design

Between September 1994 and November 2005, 93 consecutive
patients were diagnosed with CTEPH, based on standardised
criteria which included a mean pulmonary artery pressure (Ppa)
>25 mmHg at rest or >30 mmHg during exercise and a
pulmonary vascular resistance (PVR) >240 dyn-s-cm’5 [16].
CTEPH was confirmed as the cause of pulmonary arterial
hypertension using established diagnostic protocols and ima-
ging techniques, including ventilation—-perfusion lung scanning,
computed tomographic angiography and selective pulmonary
angiography [1, 17]. Haemodynamic parameters were deter-
mined by right heart catheterisation in all cases. Cardiac index
and PVR were calculated based on Fick measurements of
pulmonary flow. Complete baseline evaluation was performed
at the Medical University of Vienna (Vienna, Austria), which
serves as a primary referral centre for patients in Austria with
suspected PH and particularly CTEPH.
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Treatment consisted of oral anticoagulants, aimed at main-
taining an international normalised ratio of 2.0-3.0, as well as
diuretics, digitalis and oxygen at the physician’s discretion. In
addition, 52 patients (56% of the study population) underwent
surgical PEA at various times during the follow-up period. The
indications for PEA at the Medical University of Vienna have
been described previously [18]. Briefly, patients were referred
for PEA if they had a resting PVR >300 dyn-s~cm’5 (except for
those with unilateral disease) and surgical accessibility of
thromboembolic lesions. Surgery was not performed if PVR
exceeded 1,100 dyn's:em™ or if the patient had severe
comorbidity or refused surgical treatment [18].

An adverse outcome was defined as at least one of the
following events during the follow-up period: 1) CTEPH-
related death; 2) need for lung transplantation; 3) persistent PH
(as defined previously) despite PEA.

Biomarker testing

Venous plasma samples were collected at the time of initial
diagnostic evaluation and at various times during the follow-
up period. Samples were immediately stored at -80°C and later
analysed in batches after a single thaw.

Plasma levels of H-FABP (dilution 1:5) were measured by a
solid-phase sandwich ELISA (HyCult Biotechnology, Uden, the
Netherlands) as described previously [14]. The calibrators of the
assay covered the range 0-25 ng-mL™". The minimum detection
level was 0.25 ng-mL™" and the assay was linear within the range
0.1-25 ng'mL"". Cardiac troponin T levels were determined
using a quantitative electrochemiluminescence immunoassay
(Elecsys 1010/2010 analyser; Roche Diagnostics, Mannheim,
Germany) with a minimal detection limit of 0.01 ng-mL’l.

The investigator who determined the biomarker levels was
unaware of the patients’ baseline parameters or clinical course.
Biomarker levels were not used to guide patient management
or monitor the effects of treatment during the initial hospital
stay or at any time during the follow-up period. The study

1/:\:1ES5 8 Baseline characteristics of 93 patients with chronic thromboembolic pulmonary hypertension (CTEPH)

Adverse outcome®

Study patients No adverse outcome p-value

Subjects (M/F) n 93 (47/46) 46 (25/21) 47 (22/25) 0.536
Age yrs 58 (45-69) 61 (51-68) 56 (42-72) 0.744
6MWD m 317 (220-396) 264 (196-349)" 356 (237-401)* 0.027
NYHA functional class I-II/lll-IV n 16/69 6/36° 11/32f 0.279
PEA n (%) 52 (56) 22 (48) 30 (64) 0.146
Haemodynamic parameters

Ppa mmHg 50 (41-57) 51 (45-61) 48 (39-54) 0.035

mRAP mmHg 10 (6-14) 11 (8-17) 9 5-11)** 0.024

PCWP mmHg 11 (8-16) 12 (9-16) 10 (7-14)*# 0.067

CO L-min™" 4.02 (3.22-5.20) 3.82 (3.03-4.60) 4.62 (3.46-5.34) 0.029

PVR dyn-s-cm™ 763 (491-995) 812 (572-1125) 700 (447-848) 0.023

Data are presented as median (interquartile range), unless otherwise stated. M: male; F: female; 6BMWD: 6-min walking distance; NYHA: New York Heart Association;

PEA: pulmonary endarterectomy; Ppa: mean pulmonary artery pressure; mRAP: mean right atrial pressure; PCWP: pulmonary capillary wedge pressure; CO: cardiac

output; PVR: pulmonary vascular resistance. *

hypertension after PEA; 1: n=20; *: n=26; *: n=42; /: n=43; *#: n=486.
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1y-\:18=F 8 Baseline heart-type fatty acid-binding protein (H-
FABP) plasma levels and haemodynamic
parameters as predictors of adverse outcome in
chronic thromboembolic pulmonary
hypertension

Univariable model Multivariable model”

HR (95% CI)' p-value HR (95% Cl)’ p-value

H-FABP* ng-mL" 110 (1.04-1.18)  0.002 1.1 (1.02-1.22)  0.015
Ppa® mmHg 1.03 (1.01-1.06)  0.010  1.00 (0.95-1.05)  0.943
mRAP® mmHg 1.10 (1.05-1.16) <0.001 1.07 (1.01-1.13)  0.025
PCWP® mmHg 1.07 (1.02-1.12)  0.005 1.023 (0.96-1.09) 0.530
CO’ L-min' 0.69 (0.52-0.91) 0.008 0.72 (0.39-1.31) 0.278
PVR*# dyn-s-em™®  1.00 (1.00-1.00) 0.010  1.00 (1.00-1.00)  0.199
PEA 0.37 (0.20-0.71)  0.002  0.45 (0.23-0.89)  0.021

HR: hazard ratio; Cl: confidence interval; ppa: mean pulmonary artery pressure;
mRAP: mean right atrial pressure; PCWP: pulmonary capillary wedge pressure;
CO: cardiac output; PVR: pulmonary vascular resistance; PEA: pulmonary
endarterectomy. *: adjusted for all variables included in the univariable model;
Y. calculated by Cox proportional hazard regression analysis considering
continuous elevation of H-FABP levels and the haemodynamic variables;
* increases of 1 ng-mL"; ®: increases of 1 mmHg; *: increases of 1 L:min™;
##: increases of 1 dyn-s-cm™.

protocol was approved by the Ethics Committee of the Medical
University of Vienna, and all patients gave informed consent.

Statistical analysis

The modified Kolmogorov-Smirnov test (Lilliefors test) was
used to test for normal distribution of continuous variables.
Continuous variables are expressed as medians with the
corresponding interquartile range (IQR), and were compared
using the Mann-Whitney U-test. Categorical variables were
compared using Fisher’s exact test. Spearman rank correlation
was used to identify baseline variables related to the levels of
H-FABP. The prognostic relevance of H-FABP and other
baseline parameters with respect to adverse long-term out-
come, as defined previously, was estimated using Cox’s
proportional hazards model, which considered continuous
elevation of H-FABP levels and the haemodynamic variables.
The results are presented as hazard ratios (HR) with
corresponding 95% confidence intervals (CI), and were
compared by Wald’s test. The calculated HR and 95% CI
values refer to: H-FABP increases of 1 r1g-mL'1 ; Ppa, mean right
atrial pressure (mRAP) and pulmonary capillary wedge
pressure (PCWP) increases of 1 mmHg; cardiac output (CO)
increases of 1 L-min’’; and PVR increases of 1 dyn-s-cm’S. For
the multivariable analysis, H-FABP and the univariable
significant variables were entered into the Cox model
simultaneously. Of note, cardiac troponin T was not consid-
ered in this model, since only four of the study patients had
detectable levels at the time of diagnosis. In addition, event-
free survival rates for the type of treatment (PEA versus
conservative) and for tertiles of H-FABP were estimated by the
method of Kaplan—-Meier and compared with the log-rank test.
All tests were two-sided and used a significance level of 0.05.
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FIGURE 1. Elevated heart-type fatty acid-binding protein (H-FABP) levels were
associated with a higher likelihood of an adverse outcome in patients with chronic
thromboembolic pulmonary hypertension. Kaplan-Meier curves showing probability
of event-free survival according to the tertiles of H-FABP levels at initial diagnostic
evaluation. ——: H-FABP <2.7 ng-mL™"; «+--- : H-FABP 2.7-4.4 ng-mL"; - : H-
FABP >4.4 ng-mL". Difference between the lowest and the middle tertile, p=0.031
(log-rank); difference between the middle and the highest tertile, p=0.004.

RESULTS

Clinical and haemodynamic predictors of an adverse
outcome of CTEPH

The baseline clinical and haemodynamic findings of the study
patients are shown in table 1. During the follow-up period,
which ranged between 8 days and 13 yrs (median (IQR) 1,260
(708-2,460) days), 46 (49%) patients had an adverse outcome.
Of these, 33 patients died of CTEPH-related causes, five
patients underwent lung transplantation (two of whom died of
CTEPH-related causes during follow-up), and eight patients
had persistent PH despite surgical treatment (PEA). In
agreement with previous reports [19, 20], patients with an
adverse outcome had a significantly shorter 6-min walking
distance at baseline. They also had higher Ppa, mRAP and PVR,
and a lower CO at initial right heart catheterisation (table 1).
Accordingly, these haemodynamic variables were associated
with an increased risk of an adverse long-term outcome by
univariable Cox regression analysis (table 2).

Prognostic relevance of H-FABP concentrations at
diagnosis

At the time of initial diagnostic evaluation, H-FABP levels in
plasma ranged from 0.69-24.3 ng-mL’1 (median (IQR) 3.41 (2.28-
4.86) ng~mL’1), and were weakly correlated with CO (r= -0.21,
p=0.045), mRAP (r=0.21, p=0.044), PCWP (r=0.29, p=0.006)
and the 6-min walking distance (r= -0.43, p=0.003). Baseline H-
FABP concentrations were significantly higher in patients with
an adverse outcome during follow-up compared with those with
a favourable course (3.64 (2.86-5.37) wversus 2.96 (2.16—
4.49) ng~mL’1, respectively; p=0.028). Univariable Cox regres-
sion analysis revealed an HR (95% CI) of 1.10 (1.04-1.18) for each
increase of H-FABP by 1 r1g~mL'1 (p=0.002; table 2).
Importantly, H-FABP emerged as an independent predictor of
outcome by multivariable analysis that included baseline
haemodynamic parameters and the type of treatment (table 2).
Kaplan—-Meier analysis (fig. 1) further supported the prognostic
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FIGURE 2. Kaplan-Meier curves showing probability of event-free survival for
52 patients who underwent pulmonary endarterectomy (PEA; ——) compared with
41 patients who received medical treatment (no PEA; ------ ). p=0.002 by log-rank.

importance of the biomarker by showing that patients with H-
FABP levels in the lowest tertile (<2.7 ng-mL™) had a probability
of event-free survival which was significantly higher than that of
patients in the middle tertile (2.7-4.4 ng-mL""; p=0.031 by log-
rank test) or the highest tertile (>4.4 ng-mL"; p=0.004).

Surgical PEA has been reported to improve the prognosis of
patients with CTEPH [21]. In the present study, 52 patients who
underwent PEA had a significantly higher probability of event-
free survival during follow-up compared with those who were
treated medically (p=0.002 by log-rank; fig. 2). Univariable and
multivariable analysis using the Cox model both confirmed that
surgical treatment of CTEPH was associated with a significantly
lower risk of an adverse outcome (table 2). Importantly, of the
patients who underwent surgical treatment of CTEPH, those
with an adverse long-term outcome had significantly higher
baseline levels of H-FABP compared with those with a
favourable outcome (median (IQR) 3.55 (2.11-5.63) ng-mL'l,
n=22, versus 2.29 (1.68-3.49) ng-mL'l, n=30, respectively;
p=0.026). In agreement with this observation, Kaplan-Meier
analysis showed a lower probability of event-free survival after
PEA in patients with H-FABP concentrations >2.7 ng-mL™ (the
median value of this biomarker in the surgically treated
population) at diagnosis (p=0.002 by log-rank; fig. 3).

In contrast to a previous study in patients with pulmonary
arterial hypertension of various aetiologies [11], only four
(4.3%) of the patients with CTEPH in the present study had
detectable cardiac troponin T concentrations at diagnosis. All
of these patients had an adverse outcome at follow-up.

DISCUSSION

Currently available biomarkers of myocardial injury, particu-
larly the cardiac troponins I and T, are widely used in the
triage of patients with acute coronary syndromes [22, 23].
Interestingly, cardiac troponin levels are also elevated in acute
cor pulmonale resulting from PE [24], but it is unknown
whether they can be used to detect right ventricular myocar-
dial injury in the setting of chronic recurrent venous
thromboembolic disease and CTEPH. Evidence has begun to
accumulate that patients with pulmonary arterial hypertension

EUROPEAN RESPIRATORY JOURNAL
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FIGURE 3. Elevated heart-type fatty acid-binding protein (H-FABP) levels were
associated with a higher likelihood of an adverse outcome in patients with chronic
thromboembolic pulmonary hypertension undergoing pulmonary endarterectomy.
Kaplan-Meier curves showing probability of event-free survival in 52 operated
patients according to dichotomised baseline H-FABP levels, i.e. below (——) or
above (wreeee ) the calculated median value in this population (2.7 ng-mL™");
p=0.002 by log-rank.

may exhibit prognostically relevant elevations of cardiac
troponin or brain natriuretic peptide (BNP) levels in the
circulation [9-11, 25, 26], but these studies included very few, if
any, patients with CTEPH.

The present study focused on a population of 93 patients with
CTEPH who were followed over a median period of 3.5 yrs;
during this time, 52 (56%) patients underwent surgical treatment
(PEA) and 46 (49%) patients had an adverse outcome defined as
death of CTEPH-related causes, need for lung transplantation or
persistent PH despite PEA. The present authors assessed the
prognostic value of H-FABP, a novel, highly sensitive and
specific biomarker of myocardial injury, which has yielded
promising results in patients with acute coronary syndromes [12,
27] and, recently, in the setting of acute PE [14, 15]. In the present
study population with CTEPH, baseline H-FABP concentrations
were significantly higher in patients with an adverse outcome
during the follow-up period compared with those with a
favourable course, and the probability of event-free survival
progressively declined with increasing levels (tertiles) of H-
FABP in plasma. By Cox regression analysis, H-FABP levels, as
well as mRAP and surgical treatment, emerged as independent
predictors of an adverse outcome.

In contrast to H-FABP, the present authors found a disappoint-
ingly low prognostic sensitivity of cardiac troponin T in the
patient population, as only four (4%) patients had detectable
troponin levels at baseline. All of these patients had an adverse
outcome at follow-up; thus, cardiac troponin elevation
appears, when present, to be an ominous prognostic indicator
in CTEPH. Nevertheless, the present results partly contradict a
previous report, which found this biomarker to be more
frequently elevated in pulmonary arterial hypertension of
various aetiologies [11]. Although the exact reasons for the
apparent discrepancy are unclear, the earlier study included
only a small number of patients with CTEPH. The findings of
the present study indicate a superiority of H-FABP over

VOLUME 31 NUMBER 5 1027
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troponin T in risk stratification of CTEPH and in the prediction
of long-term event-free survival. These results are consistent
with the recently reviewed theoretical advantages of H-FABP
[12-14] including, for example, its small molecular size and
favourable kinetics, its myocardial specificity which resembles
that of the MB isoenzyme of creatine kinase, and its
confinement to the cytoplasmic space.

The present study did not compare the prognostic value of H-
FABP to that of the natriuretic peptides BNP and NT-proBNP.
Circulating levels of these latter biomarkers have been shown
to correlate with the prognosis of patients with various forms
of pulmonary arterial hypertension [9-11, 25, 26]. At present,
the available evidence suggests that natriuretic peptides could
be useful for monitoring the clinical course of patients with
pulmonary arterial hypertension, and the effects of therapy
[16], but the wide variations in the reported cut-off values for
the assessment of cor pulmonale pose practical limitations to
their routine use [28].

PEA is currently the treatment of choice for selected patients with
CTEPH [29]. At present, the patient’s functional status, together
with invasively obtained haemodynamic parameters, is used to
assess operability and guide therapeutic decisions [1,21, 29]. In the
present study, the independent favourable influence of PEA on
the long-term outcome of patients with CTEPH was confirmed.
Importantly, of the 52 patients who underwent surgical treatment
of CTEPH, those with an adverse long-term outcome had
significantly higher baseline levels of H-FABP compared with
those with a favourable outcome. These findings suggest that H-
FABP measurements may help identify patients who could benefit
most from surgical treatment. This clinically relevant hypothesis
needs to be tested by larger, preferably prospective management,
studies. In addition, further adequately powered studies are
needed to determine whether serial measurements of H-FABP can
be used as a surrogate marker for monitoring the response to
surgical or medical therapy. In this regard, it also needs to be
mentioned that the present study did not include patients treated
with novel pharmacological agents, such as prostacyclin analo-
gues, endothelin receptor antagonists and phosphodiesterase-5
inhibitors. Preliminary reports suggest that these drugs may
favourably affect the clinical course of CTEPH [30].

In conclusion, the results of the present study indicate that
heart-type fatty acid-binding protein is a reliable novel predictor
of long-term outcome and, thus, a useful tool for risk
stratification of patients with chronic thromboembolic pulmon-
ary hypertension, including those undergoing pulmonary
endarterectomy. The present findings provide the rationale for
further studies to define the exact place of cardiac biomarkers
and particularly heart-type fatty acid-binding protein, along
with, or as an alternative to, haemodynamic parameters in
management algorithms for this life-threatening disorder,
which appears to affect more patients than previously thought.
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