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Pulmonary Hypertension Is Related to Peripheral
Endothelial Dysfunction in Heart Failure With Preserved
Ejection Fraction

Marta Farrero, MD; Isabel Blanco, MD, PhD; Montserrat Batlie, PhD;
Evelyn Santiago, MD; Montserrat Cardona, MD; Barbara Vidal, MD;
M. Angeles Castel, MD, PhD; Marta Sitges, MD, PhD:; Joan Albert Barbera, MD, PhD;
Felix Perez-Villa, MD, PhD

Background—Pulmonary hypertension (PH) and collagen metabolism abnormalities are prevalent in patients with heart
tailure with preserved ejection fraction (HEpEF). Peripheral endothelial dysfunction (PED) has been described in HF and
in pulmonaty arterial hypertension. Qur aim is to defermine whether PH is associated with PED and impaired collagen
metabolism in patients with HFpEF;

Methods and Results—Flow-mediated dilation of the brachial artery, matrix metalloproteinase-2 and matrix metalloproteinase-9,
tissue metalloproteinase inhibitor 1, and C-terminal propeptide of type I procollagen were determined in 28 patients with
HFpEF and 42 hypertensive controls. Patients with systolic pulmonary artery pressure >35 mmHg on echocardiogram
underwent a right heart catheterization, Patients with HFpEF had more severe PED than controls: flow-mediated dilation
1.95% (—0.81 to 4.92) versus 5.02% (3.90 to 10.12), P=0.002. Twenty patients with PH underwent right heart catheterization:
mean pulmonary artery pressuse 38 (27-52) mmHg, wedge capillary pressure 18 (16-22) mmHg, pulmonary vascular
resistance 362 (235-603) dyn s em?. There was a significant inverse correlation between flow-mediated dilation and
pulmonary vascular resistance in patients with HFpEF and PH (=—0.679; P=0.002). Patients with HFpEF showed higher
matix metalloproteinase-2 and C-terminal propeptide of type I procollagen values than hypertensive controls. Patients with
HEpEF and higher C-terminal propeptide of type I procollagen values also had higher mean pulmonary artery pressure
(r=0.553; P=0.014), transpulmonary gradient {r=0.560; P=0.013), and pulmonary vascular resistance (r=0.626; P=0.004),

Conclusions—In patients with HFpEF, there is a significant correlation between PED and pulmonary vascular resistance.
Collagen metabolisin was more impaired in patients with HIpEF and PH. PED and collagen metabolism assessment
could be useful tools to identify patients with HFpEF at risk of developing PH. (Circ Heart Fail, 2014;7:791-798.)
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He&rt failure with preserved ejection fraction (HFpEF) is
an increasingly commeon diagnosis, accounting for 50%
of HF cases.' Several studies have described the epidemiologi-
cal characteristics of the HFpEF population: a predominance
of older age, women, and history of hypertension and meta-
bolic syndrome.? However, the precise mechanism underly-
ing HFpEF is still not well known. The lack of understanding
of the physiopathological pathways that lead to the discase
may have contributed to the difficuity in finding specific treat-
ments. Several therapies have been assayed with disappoint-
ing results, and to date there are no evidence-based therapeutic
guidelines for this population.?
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Diastolic dysfunction and vascular stiffness have been
described in this population and related to an imbalance in
extracellular matrix collagen metabolism.’ Peripheral endo-
thelial dysfunction (PED) has been reported in patien(s with
HF and associated with poor outcomes.® Recent studies
report a high prevalence of pulmonary hypertension (PH)
in HFpEF, which is in turn related to a worse prognosis’
atthough the mechanisms underlying the high prevalence
of PH are unknown. Classical studies suggest that increased
pulimonary vascalar resistance (FVR) is related to abnormali-
ties in smooth muscle tone cansed by pulmonary endothelial
function as a consequence of NO and endothelin-1 imbal-
ances.*” Those imbalances may also affect the peripheral ves-
sels endothelium.
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Our aim was to analyze the association among PED, col-
lagen metabolism, and PH in patients with HFpEF, Our work-
ing hypothesis was that patients with HEpEF have endothelial
dystunction that affects both the puimonary and the periph-
eral vasculature. A PED assessment could reflect pulmonary
endothelial dyslunction and, therelore, be related (o the pres-
ence of PH. Abnormalities in endothelial function could
account for a vasoreactive component in PH and HFpEFE, in
addition 1o the postcapillary contribution. Imbalanced colla-
gen metabolism could be related to endothelial dysfunction
and consequently, PH.

To test our hypothesis, we studied a group of patients with
HFpEF and PH, assessing peripheral endothelial function,
collagen metabolism, and invasive pulmonary hemodynam-
ics, and compared the results with a group of asymptomatic
controls with systemic hypertension.

Methods

Study Population

Counsecutive adult patients with HFpEF referred to owr clinic for HE
or PH were prospectively enrolfed, Inclusion criteria were 21 hospital
admission for HF in the previous year, normal left ventricular {LV)
systolic function (LVEF, 250}, and diagnosis of HFpEF according to
current recommendations.? Exclusion criteria were untreated ischemic
heart disease or valvular heart disease: constrictive pararneters; restric-
tive curdiomyopathies; fibroprotiferative systemic diseases including
systemic sclerosis, renal failure (creatinine, 22.5 mgfdL), and lung
fibrosis; and significant vascular or parenchymal lung disease: theom-
boembolic lang discase, palmonary arterial hypertension, and obstrue-
tive or restrictive lung discase (first second forced expiratory volume,
<55%; forced vital capacity, 60%:; and total fung capacity, <60%).

A group of patients with systemic hypertension who had never
presented symptoms or signs of HF were prospectively enrolled as
controls. Inclusion criteria were asymptomatic adults with 2§ years’
history of systemic arteriat hypertension. Exclusion crileria were the
same as those for patients with HFpER.

The iastitutional Ethics and Research committee of our hospital
approved this study, All patients gave written informed consent,

Controls and patients underwent echocardiogram, endothelial
tunction assessment, and blood collection on the same day, | month
after discharge if they had been hospitalized. Studies were performed
in u blind fashion. Patients with PH who consented, underwent right
heart catheterization in the next 2 weeks after noninvasive evatuation.
Images and seru were stored for blinded analysis in a second phase.

Echocardiogram

Controls and patients underwent echovardiography evaluation using
a commercially availabie wltrasound system (1E33; Philips Medical
Systems, Andover, MA). All parameters were measured in 3 cardiac
cycles (5 cycles in subjects with atrial fibritlation [AF]) and averaged,
Right and LV dimensions, left asjum diameter and area, and right
ventricular fanction estimated by tricuspid annular plane systolic ex-
cursion were reported. LVEF was assessed by the Simpson method
from 2-dimensional (2D) apical 2- and 4-chamber views. Preserved
systolic Function was defined as EF250%. LV diastolic function was
assessed with mitral inflow velocities (E, A) and average of septal
and lateral mitral annulus early diastolic velocity by tissue Doppler
(¢} E/A and Bfe’ ratios were reported, Systolic pulmonary artery
pressure (PAP) was estimated by Doppler echocardiography from the
systolic right ventriculur to right atejal pressure gradient, applying the
Bernouili equation to tricuspid regurgitant wave velocity. Right atrial
pressure was estimated using the inferior vena cava diameter and in-
spiratory oscillations (range, 5-20 mmHy), which was added to the
calenlated gradient (o estimate systolic PAP. None of the participants
had significant right ventricular outflow tract obstruction.

Right Heart Catheterization

Patients with HFpEF showing systolic PAP235 mm Hg on echoca-
diogram were proposed to undergo a right heart catheterization. The
patient was placed in the supine position, in a fasting state, without
premedication.

A TF thermodilution balloon-tipped catheter (Baxter 139575) was
inserfed percutaneously into the brachial, jugular, or femorak vein und
advanced under fluoroscopy through the right heart cavities into the
pulmonary artery. The pulmonary capillary wedge position was con-
firmed by the change from (he typical pulmonary artery waveform to
the typical pulmonary artery wedge pressure waveform on inflation of
the balloon catheter. Pressure transcucers were balanced against atmo-
spheric pressure, and the zero reference level was § cm below the ster-
nal angle, The following measurements were recorded as the mean of
3 consecutive beats in patients on sinus rhythis (3 beats in AF); right
atrial pressure; systolic, diastolic, and mean PAP; pufmonary artery
wedge pressure at end-expiration; and cardiac output as cletermined by
the average of 3 thermal dilution curves. Cardiac cycles with fusion of
2 comsecutive diastolic wavers, as a consequence of a short relative risk
interval, were excluded from analysis. The following parameters were
caleglated: cardiac index as cardiac output divided by corporal surface
area, franspulmonary gradient (TPG) as mean PAP minus pulmonary
artery wedge pressure, and PVR as TPG divided by cardiae output.

Peripheral Endothelial Funetion

Controls and patients underwent peripheral endothelial function
evaluation using a commercially available wltrasound system (Sonas
5500; Agilent Technologies, Andover, MA}. The method has been
previously described.® Briefly, al participants fasted and avoided ex-
ercise, stimulants, and medications for 26 hours before the test. They
were placed in a quiet, darkened, temperature-controlled room, and
all measurements were taken at a similar time of day. Their right arm
rested comfortably in a cradle support of the imaged artery for 210
minutes before the measurements. A pressure cuff was placed 2 cm
distal to the elbow crease. A stereotactic adjustable prop holder was
used to achieve a steady image throwghout the study, and the sample
volume of the pulsed wave Doppler was placed in the middle of the
artery as u reference marker. Longitudinal images were obtained by
high-resofution ultrasousnd.

The standard 4-step protocol was used:

L. First baseline scan was recorded,

2. Bodothelium-dependent vasodifation was assessed: pressure
cuff was inflated <300 mm Hg for 3 minutes and released, lead-
ing to reactive hyperemia. Pulsed wave Doppler signal of bra-
chial artery flow and 2D images were scanned 35 (0 65 s after
cuff release.

3. Second baseline scan was obtained after 10 minutes rest to allow
vesset recovery.

4. Endothelium-independent vasodilation was sssessed: 400 pg
of sublingual nitroglycerin was administered and a fourth scan
was obtained 3 minutes later.

Images were analyzed by 2 independent observers amd aver-
aged. Arterial diameters were determined in an end-diastole frame
with dedicated software (QLab; Philips Heulthcare, Eindhoven, The
Netherlands), placing calipers from the tratling edge of the anterior
wall interface to the leading edge of the posterior wall interface and
averaging 5 cardisc cycles in patients with sinus rhythm and 10 in
patients with AF, Peak brachial artery flow velocily was determined
with pulse-Doppler sampling volume in the vessel lumen midline
with software cotrection for the incident angle, at rest and for the first
I5 5 after forearm cuff release. Shear rate was calculated as 4xpeak
flow velocity/arterial diameter,

Flow-mediated vasodilation (FMD) was used as an index of en-
dothelirm-dependent dilation and was calculated as the maximal
absolute and percentage change in brachial artery diameter after
reactive hyperemis divided by that obtained from the first baseline
scan (steps 1 and 2). Normat threshold for owr laboratory was con-
sidered FME>5%. Nitroglycerin-mediated dilation was used as an
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index of endotheliem-independent vasedilation and was calcwlated
as the maximal absolute and percentage change in brachial artery di-
ameter after nitroglycerin administration (steps 3 and 4). Using this
methodofogy and a nested ANGVA, interobserver and intraobserver
variance for brachial artery diameter measurement has been reported
as 0.00012 (0.02% of toial variability) and 0.00075 (0.13% of total
variability), respectively."!

Collection of Blood Samples and Analysis of
Extracellular Matrix Proteins

Circulating matrix metalloproteinase-2 and -9 (MMP-2 and MMP-9),
tissue metalloproteinase inhibitor | (TIMP-1} and C-terininal propep-
tide of type I procollagen (CICP) levels were measured when patients
weie stable, at feast 4 month afier hospital discharge. Blood was with-
drawn from an antecubital vein into non-heparinized tubes. It was
kept at room temperature for 220 minutes to allow clot formation
and then centrifuged at 3000 rpm for 15 minutes at 4°C, Immediately
after centrifugation, serum samples were aliquoted and stored at
—80°C until assay. Commercially available ELISA Kits were used
for serum quantification, and their minimum analytic detection Hmit
(DL) was as listed: DMP2ED for MMP-2 DL=0,047 ngfmL, DMP930
for MMP-9 DE=0.156 ng/mb., DTMI00 for TIMP-1 DE=0.08ng/
mL (R&D Systems, Inc, Minneapolis, MN), and Microvae 3033 for
CICP. DL=0.2ag/mL (Quidel Corporation, San Diego, CA),

Statistical Analysis

Participunt characteristics are presented as percentage for qualita-
tive variables and as median and quartiles for quantitative variables.
Nonparameric tests were used for comparisons theoughout the study:
Fisher exact test was used to compare qualitative variables, and
Mann-Whitney U test was used to compare quangitative variables,
Correlation between plasma biomarkers or FMD and pulmonary be-
modynamics was evaluated by linear regression analysis. Because
there were extreme values for PYR and TPG, a sensitivity analysis
for these variables was performed, All statistical analyses were per-
formed using IBM SPSS 18 software (IBM Corporation, Armonk,
NY). Statistical significance was sel at 2-sided P<0.05.

Results

Population Characteristics

Twenty-eight patients with HFpEF were compared with 42
systemic hypertensive controls. Their demographic char-
acteristics are shown in Table 1. As expected, patients with
HFpEF had a much higher prevalence of AF (B1% versus
2%; P<0.001) and were more often treated with B-blockers,
aldosterone-receptor blockers, diuretics, insulin, vitamin K
antagonists, and digoxin. The brain natriuretic peptide levels
were higher in patients with HFpEF than in controls.

Echo Parameters

As shown in Table 2, there were no differences between
patients with HFpEF and hypertensive controls in LV dimen-
sions. When compared with hyperiensive controls, patients
with HFpEF had a larger right ventricle end-diastolic diam-
eler, a worse right ventricular function (assessed by tricus-
pid annular plane systolic excursion), and signs of a more
impaired diastolic function: increased right atrial size, higher
E wave velocity, higher E/A ratio, and higher Efe’ ratio,

The PAP estimated from tricuspid regurgitation jets could
be anatyzed in 33% of hypertensive controls and in 89% of fthe
patients with HFpEF, None of the hypertensive controls and
22 (78%) of the patients with HPpEF showed an estimated
systolic PAP>35 mmHg.
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Pulmonary Hemodynamics

Twenty patients with HFpEF and PH as determined by echo-
cardiography consented (o undergo a right heart catheteriza-
tion. Their mean PAP was 38 (27-52) mm Hg, wedge capillary
pressure was 18 (16-22) mm Hg, cardiac output 4.3 (3,1-5.4)
Limin, and PVR 362 (235-603) dyn s cm™ (Table 3).

Peripheral Endothelial Function

Baseline brachial artery diameter did not differ between hyper-
tensive controls and patients with HFpEE. There was si gnifi-
cantly less FMD in the HFpEF group when compared with
hypertensive controls, both in absolute and percentage change
from baseline diameter {B-coetticient, —0.18 mm [—0.28,
=0.07]; P=0.001 and B-cocfficient —~4.41% [-7.17, -1.651;

Table 1. Poputation Gharacteristics of HTN and Patients With
HFpEF

HTN Controls HFpEF
(n=42) (n=28) PVzlue
Age, y 68 (61-77) 71 {84-78) 0.283
Women, % 50 82 0.0
Height, ¢im 162(1.58-1.70) 158 (1.55-1.65) 0.027
Weight, kg 75 (69-80) 73 {60-84) 0.290
Bady mass index, kg/m? 27 (25-29) 27 (24-31) 0.858
Dysligidamia, % 38 44 0.624
Diabetas mellitus, % 23 41 0.310
Atrial fibrilfation, % 2 81 <0.0M
Sroking, % 16 9 0.142
S-AP, mm Hg 134 (120-148) 125 (110-147) 0.15t
B-AP, mmHg 74 {68-83) 64 (56-71) 3.001
Pulse pressure, mmHy 58 (51-71) 86 (46-77) 0.605
Heart rate, bom 69 (59-79) 70 (58-80) 0.704
BNP, pg/mb. 44 {18-60) 147 (82-294) <0.001
Creatinine, mg/dt. 0.83(0.70-0.95  1.12(0.82-1.32) 0.016
GRF, mL/min per 36 (31-38) 29 (25-36) 0.060
stuare meter
Na*, mmei/L 141 (138-142) 141 (139-143) 0.750.
Hemoglohin, g/di. 131 (116-137) 124 (105-133) 0.260
Treatment, %
f3-blocker, % 12 52 0.001
Calcium antagonist 19 26 0.562
ACE-inhibitor/ARB 83 74 0.546
Diurefic 36 85 <{.001
[nsutin 0 22 0.003
Orat hypoglycemic drugs 24 30 0.78
Stating 37 44 0.615
Vitamin K antagonists 2 70 <0.001
Digoxin ] 41 <0.001
Nitrates 0 22 0.003
Hydralazine ] 4 0.397

Values are given as median and quartiles. ACE indicates angiotensin-
converting enzyme; ARB, angiotensin recepior blocker; BNP, brain natriuretic
peplide; D-SAP, diastolic systermic arterial pressure; GFR, glomerular filtration
rate; HFPEF, heart failure and preserved sjeetion fraction; HTN, hypertension;
and 5-8AP, systolic systemic arteriat pressure.
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Table 2. Echocardiographic Findings of HTN and Patients
With HFpEF

Tahle 4. Peripheral Endothelial Function of HTN and Patients
With HFpEF

HTN Controts HFpEF HTA Controls HFpEF

(n=42) {n=28) PValue {n=42) {n=28) Pvalue
Ejection fraction, % 60 (60-65) 58 (55-62) 0.016 8aseline brachial 422(391-086 411 (363-460) 0634
LVEDD, mm 48 (45-53) 50 (47-54) 0.203 artery diameter, mm
LVESD, mm 30 (27_33) 32 (28—35) 0.163 Baseline PBW, cm/s 113 (87—1 23) 108 (89—1 33) 0.763
RVEDD, mm 34 (30-36) 40 (37-44) <0.001 Bascline shearrate, s 093 (788-1208) 1020 (796-1430)  0.441
IS, mm 12 (11-13) 12 (12-14) 0.071 After cuff acclusion 141 (127170 136 {17171} 0.769
LPW, ram 11 (11,12) 12 (11-13) Dogg  onoems
Let atrum, mm 38 (35.41) 5042-57) <0.001 ?:;;rcruaftfet’)(;giusmn 1235 (979-1590) 136 (117171} 0.470
Left atrium area, cm* 1916-21) 26(23-33) <0.001 Absotute FMD, mm 0.21 (0.15-0.40)  0,10(-0.03-018)  0.001
£ wave velocity, cm/s 61(53-72) 17(80-149)  <0.001 Percentage FMD, % 502 (3.90-10.12)  1.95(~0.81-492)  0.002
Witeal E/A ratio 0.70{0.59-0.681)  19(08-35  <0.001 Absofute NMD,mm 058 (0.20-0.67)  G.31 (0.19-0.55  0.066
Eﬁsgﬁf‘:ﬁf}:f ¢ 83(6.9-105 948118 0.089 Percantage NMD, % 1252 6.63-15.74)  7.03(3.80-14.23) 0103
Milcal B’ rai EOON 28T 0 oot s et e e et
TAPSE, mm 23 (20-26) 16 (13-21) <0.001 NMD, nitroglycerin-mediated difation; and PBFV, peak blood flow velocity.

Valid TR jel, % 33 89 <0.001

Mean estimated 5-PAP, 32 (28-34) 62 (55-88) <0.01
mm Hg

Values are givan as median and quartiles, HFpEF indicates heart faifure and
preserved ejection fraction; HTN, hypertension; VS, interventricular septum:
LPW, left ventricle posterior wall; LVEDD, left ventricle end-diastolic diameter:
LVESD, left ventricie and-systolic diameter; RVEDD, right ventricle end-diastolic
diameter; S-PAP, systolic pubmonary artery pressure; TAPSE, fricuspid annular
plane systolic excursion; and TR, tricuspid regurgitation.

P=0.002, respectively). After adjusting for age, scx, and nitrate
use, differences rematned significant (absolute FMD, P=0.001;
f-coefticient 0.2 mm [0.08-0.32] and percentage FMD,
P=0.001; B-coeflicient, 5.18% [2.14-8.22}), Nilroglycerin-
mediated dilation was similar in both groups (Table 4).
Among the 20 patients with HFpEF and PH who under-
wenl right heart catheterization, subsequent analysis of the
association between absolute and percentage FMD and PVR
disclosed an inverse corrclation (r=—0.679; P=0.002 and
r=-(.623; P=0.006, respectively); in other words, the less

Tabte 3. Pulmonary Hemodynamics of Patients With Heart
Failure and Preserved Ejection Fraction and Pulmonary
Hypertension (n=20)

RAP, mm Hg 12 (8-13}
3-PAP, mmHg 66 (59-92)
D-PAP, mmHg 23 (17-32)
M-PAP, mmHg 38 (27-62)
PAWP, mmHg 18(16-22)
CO, L/min 4.3 (3.1-5.4}
Ct, L/min per square meter 23(1.8-3)
TPG, mmHg 18.5{13-30.7)
PVR, dyn s cm® 362 (235-603)

Values are given as median and quartiles. C! indicates cardiac index; CO,
cardiac oulpu; D-PAP, diastolic pulmenary artery pressure; M-PAP, mean
pulmonary artery presswre; PAWP, pulmonary artery wedge pressure; PVR,
pulmonary vascular resistance; RAP, right atrial pressure; S-PAP, systolic
putmenary arterial pressure; and TPG, transpuimonary gradient,

the brachial arlery dilated in responsc to llow, the higher the
PVR (Figure 1A).

Absolutc and percentage FMD also showed a significant cor-
relation with systolic PAP (#=-0.585; P=0.011 and r=—0.503;
P=0.033, respectively), diastolic PAP (m=—0.573; P=0.013
and r=-0.514; P=0.029, respectively), mean PAP {(5=—0.599;
£=0.009 and r=-0.521; P=0.027, respectively; Figure 1B), car-
digc output (7=0.520; P=0.037 and P=0.479, P=0.044, respec-
tively), and TPG (r=—0.523; P=0.026 and r=—0.456; P=0.057,
respectively). One patient showed high PVR and TPG and was
considered an outlier, After excluding this patient from analy-
sis, the correlation with PVR remained significant (absolute
EMD, r=-0.586; P=0.013 and percentage FMD, r=—0.493;
P=0.044) but not {he correlation with TPG, No association was
found with pulmonary artery wedge pressure.

Extracellular Matrix Proteins

Paticnts with HFpEF had higher MMP-2 and CICP values than
hypertensive controls (f-coefficient, 36.09 ng/ml [12.26-
59.93]; P=0.004 and B-coetficient, 18.36 ng/mL [6.15-30.57];
P=0.004, respectively; Figure 2). After adjusting for age and
sex, differences remained significant (MMP-2 p-coeflficient,
38.14 ng/mL [12.83-63.45}; P=0.004 ang CICP p-coctficicnt,
20.43 ng/mL [6.68-34.17]; P=0.004), There were no differ-
ences in MMP-9 (B-coctficient, —87.26 ng/mL [-296.44 to
121.92]; P=0.404) or TIMP-1 values (f-coefficient, 21,17 ng/
mE {—13.55 to 57.90T; P=0.254) between groups.

In the 20 puticnts who underwent a right heart catheteriza-
tion, CICP values showed a positive linear correlation with
mean PAP (7=0.513; P=0.029), TPG (r=0.522; P=0.026), and
PVR {r=01.597; P=0.009; Figure 3). MMP-2, MMP-9, TIMP-1,
and brain natiuretic peptide levels were not significantly
correlated with pulmonary hemodynamic parameters. One
patient showed high PVR and TPG and was considered an
outlier. After excluding this patient from analysis, the correla-
tion wilh PVR and TPG was not statistically significant.

Participants in the highest tertile of MMP-2 levels had sig-
nificantly less absolute FMD than those in the first tertile (0.13




Farrero et al

Endothelium and Pulmonary Hypertension in HFpEF 795

>

120,623
p=0.006

Figure 1. Relationship between paripheral
endothelial dysfunction and putmonary

PVR, dynsomS

1050 oo hemodynamics. Percentage and absolute
changes in fiow-mediated dilation {FMD)
disclosed an inverse correlation with

pulmonary vascular resistance (PVR; A)

r=1.521
pe0.027

and mean PAP {B), showing that the less
the brachial artery dilation in response to
flow, tha higher the PVR and mean pul-
monary artery pressure {PAP).
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{-0.0] to 0.23] mm versus 0.22 [0.16 o 0.37] mm; P=0.025).
There was a moderate inverse correlation between MMP-2
or CICP values and lower FMD (5=—0276; P=0.034 and
r=—0.306; P=0.018, respectively). No association was found
between FMD and MMP-9 or TIMP-1 values.

Discussion

This study shows that patients with HFpEF have impaired
peripheral endothelial function when compared with patients
with systemic hypertension and diastolic dysfunction who had
never presented HE symptoms. In patients with HFpEF and
PH, mvasive pulmonary hemodynamics disclosed a remark-
able precapillary component (shown by increased TPG and
PVR). In these patients, we described for the first time an
inverse comrelation between PVR and peripheral endothelial
function. Patients with increased collagen metabolism pro-
teins showed higher PAP, TPG, and PVR and worse PED.

HFpEF is an increasingly prevalent pathology whose under-
lying mechanisms are not yet understood. The development
of PH in a patient with hypertension and diastolic dysfunction
might be related to the development of HF symptoms. Some
studies have reported a surprisingly high prevalence of PH
among patients with HFpEF at baseline” or during exercise'? and
described an important vasoreactive component.™5 Moreover,
the presence of PH has been associated with an increased mor-
tality in this population.'™"” For these reasons, some authors
have swudied the potential benefit of pulmonary vasodilators in
HEpEE, with controversial results, mainly because of different
inclusion criteria related to the presence of PH. 20

2.

Mean PAP, mmHyg

Peripheral Endothelial Dysfunction

Studies of patients with HF have described PED) in the pres-
ence of preserved® and reduced” EF, as well as pulmonary
arterial hypertension.?? The presence of PED has been iden-
tified as an independent predictor of cardiovascular evenls
and mortality in the population with HE, HFpEE and reduced
EF** but the mechanism (hat mediates this association is
poorly understood.

Using invasive measureinents, we identified an important
precapillary component in PH secondary to HFpEF in addi-
tion to the postcapillary contribution of puimonary venous
congestion. Our findings indicate a relationship beiween an
impaired peripheral endothelial function and the presence
and degree of PH in this subset of patients. This relationship
has been described in idiopathic pulmonary arterial hyperten-
sion, in PH associated with congenital heart disease® and
in connective tissue diseases, such as scleroderma,® but has
never before been reported in HFpEF. The presence of PED
may be associated with impaired pulmonary endothelial func-
tion and could account for the precapillary component of
the PH that has been described in these patients. The worse
prognosis of patients with HFpEF and PED compared with
patients without PED could be at least partly related to the
association between PED and PH.

Extracellular Collagen Metabolism

Previous studies have shown a progressive increase in extra-
cellular matrix protein circulating levels in healthy controls,
patients with hypertension, and patients with HFpEE»# An
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Figure 2. Comparison of serum extraceliufar matrix protein levels. Patlents with heart failure with preserved ejection fraction (HFpEF)
showed significantly higher circulating levels of C-terminal propeptide of type § procoliagen (CICP) and mattix metalloproteinase {MMP)-2

when compared with hypertensive {HTN) controls.

increasedt collagen tuenover has been linked to a more severe
diastolic dysfunction’ and arterial stiffness®; therefore, it has
been proposed as an etiopathogenic mechanism for HEpEFE.
Also, high levels of circulating extracellular matrix proteins
have been related to the presence of severe pulmonary arte-
rial hypertension.* Consistent with previous reports, patients
with HFpEF in our study showed significantly hisher Tevels of
MMP-2 and CICP compared with systemic hypertensive con-
trols. We could also establish a statistical refationship between
increased circulating extraceflular matrix protein levels, bigher
PH invasively determined parameters, and & more impaired
peripheral endothelial function. More studies are needed to
assess whether collagen metabolism may play a role in the
development of endothelial dysfunction and PH, or whether it
is just a nonspecific marker of overall HFpER severity.

Limitations

First, we were able to demonsirate an association between
FMD and PH, but the observational design of the study does
not allow us to suggest a causal relationship.

Second, the small sample size of our study is because of
its invasive nature. However, in contrast to most of the previ-
ous studies where indirect measurements are shown, we pro-
vide more reliable data. Moreover, our results are consistent
with previous literature on HFpEF or PH. Third, there were
some differences in baseline characteristics between HFpEF
and controls about sex, medical treatment, and AF prevalence.
Although peripheral endothelial function measwrements were
made after 6 hours of medication washout, hypertensive
conirols, and patients with HFpEF differed in their baseline
pharmacological treatment. Spirinolactone, p-blockers, cal-
cium blockers, angiotensin-converting enzyme inhibitors, and
angiotensin receptor blocker have been reported to improve
cndothelial function®** and were in fact more common in the
HFpEF group; conscquently, differences between the groups
in peripheral endothelial function could have been underesti-
mated, Fourth, our population had higher PAP and PVR values
when compared with previous studies," which may indicate a
sefection bias related (o the high complexity of our center and
the referral of patients with more severe HFE, Prevalence of
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Figure 3. Correlation between serum extracellular matrix peoteins and pulmonary hemodynamics. In patients with heart faflure and pre-
served ejection fraction who had pulmonary hypertension, C-terminal propeptids of type | {CIGP)} levels showed a significant positive cor-
relation with mean pulmonary artery pressure {(PAP), transpulmonary gradient (TPG}, and pulmonary vascular resistance (PVR) values.
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AF was also higher than previously reported for patients with
HFpEF, perhaps accounting for the severity® of the disease in
our cohort, The potential influcnce of AF on our results must
be acknowledged because pulse irregularity has been reported
to be a risk factor for PED independently of HF phenotype.® It
ig difticul( to discern how much of the differences in FMD are
specific to the presence of HFpEF or related to AR, The rela-
tionship between FMD and PVR in our patients supports the
idea that PED may be related (o PH in HPpEF, but the influ-
ence of AF in this finding is unclear and should be addressed
in future studies,

Conclusions

This study provides evidence that patients with HFpEF have
an impaired peripheral endothelial function when compared
with hypertensive controls, and that it is associated with the
presence of PH and high PVR, Extracellular collagen metabo-
lisrn abnormalities can be detected in this population. Routine
assessment of peripheral endothelial function and extracellu-
lar collagen metabolism could help us to identify a subgroup
of patients with HEpEF at higher risk for the development of
PH and provide a rationale for treating this selected group
with pulmonary vasodilators.
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CLINICAL PERSPECTIVE

Heart failure with preserved ejection (raction (HFpEF) is an increasingly common diagnosis and is oflen associated with pul-
monary hypertension. Peripheral endothelial dysfunction (PED) and collagen metabolism abnormalities have been deseribed
in this population. Our aim was to determine whelher pulmonary hyperiension is associated with PED and impaired collagen
metabolism in patients with HFpEE. A group of 28 patients with HFpEF was compared with a group of 42 hypertensive
contyols: echocardiograms, PED studies, and analyses of collagen metabolism were performed. Patients with HFpEF who
showed pulmonary artery pressure 235 mmHg by echocardiogram also underwent right heart catheterization. Patients wilh
HEpEF had impaired PED and collagen mctabolism compared with hypertensive controls. Interestingly, we were able to
describe for the first time a correlation between PED and pulmonary vascular resistance, assessed by invasive pulmonary
hemodynamics, in patients with HFpEF and pulmonary hypertension, Weaker correlations were also tound between col-
lagen metabolism and pulmonary hemodynamics. Our results are important because pulmonary hypertension has important
prognostic implications in heart fatlure, Therefore, noninvasive assessment of endothelial function and collagen metaholism
could help us to identify a subgroup of patients with heart (ailure at higher risk for the development of out of proportion
pulmonary hypertension and provide rationale for future treatment strategies in this selected group,




