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Abstract: Idiopathic pulmonary arterial hypertension (IPAH) initial evaluation and follow-up, a
rare and incurable disease if left untreated, is based on a multiparametric approach (functional
status of the patient, biomarkers, hemodynamic parameters and imaging evaluation of right heart
impairment). Arterial stiffness (AS) and endothelial glycocalyx are indices of systemic circulation. We
present the 3-years follow-up of a female IPAH patient. We propose aortic stiffness and endothelial
glycocalyx indices as non-invasive markers of either improvement or deterioration of IPAH disease.
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1. Introduction
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Pulmonary arterial hypertension (PAH) represents a rare and incurable disease with
increased morbidity and mortality if disease left untreated [1]. PAH is characterized by
pulmonary arterial endothelial injury and cell proliferation which lead to pulmonary endothelial dysfunction, impaired vessel wall compliance, increased pulmonary vascular
resistance (PVR) and reduced cardiac output [2,3]. Prognosis of patients with PAH is
difficult to determine and is based on a multiparametric approach based on functional
status of the patient, biomarkers, hemodynamic parameters and imaging evaluation of
right heart impairment [1]. However, few studies have focused on the role of the systemic
aortic stiffness (AS) and endothelial function in PAH with conflicting results regarding increased vascular compliance and endothelial dysfunction in several cohorts with Idiopathic
pulmonary arterial hypertension (IPAH) or PAH-associated diseases [4–7].
Systemic AS can be accurately estimated by carotid-femoral pulse wave velocity
measurement (PWV) (Complior SP, Artech Medical, Pantin, France) [8]. Increased PWV
represents impaired aortic compliance. Systemic endothelial glycocalyx (EG) integrity, an
important part of the endothelium, represents endothelial function. It can be estimated by
the perfused boundary region measurement (PBR) of the sublingual arterial microvessels
(diameter ranged 5–9 µm) using Sidestream Darkfield imaging (Microscan, Glycocheck,
Microvascular Health Solutions Inc., Salt Lake City, UT, USA). Increased PBR indicates EG
thickness reduction which allows blood cell penetration, loss of EG barrier properties and
endothelial dysfunction [9].
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2. Case Report
We present the case of a female patient, 51 years old, with idiopathic PAH (IPAH),
followed by our PH clinic for the last 15 years. The patient had never smoked and she
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didn’t suffer from arterial hypertension, diabetes mellitus or hyperlipidemia. When she
was first diagnosed with IPAH due to shortness of breath, the right heart catheterization
(RHC) revealed a mean pulmonary artery pressure (mPAP) equal to 49 mmHg, a pulmonary vascular resistance (PVR) equals to 10 Wood Units and a cardiac index (CI) equal
to 2.5 L/min/m2 while her six-minute walking distance (6MWD) was 570 m. The patient
started treatment with bosentan while sildenafil at first and then subcutaneous treprostenil
were added. The latter was progressively uptitrated recently to 60 ng/kg/min. The annual
patient’s monitoring for the last 3 years (2018–2020) is being presented while she was
on triple therapy (bosentan, sildenafil and subcutaneous treprostinil). We followed the
recommendations by the recent guidelines exploring the role of changes of systemic circulation biomarkers as non-invasive indices of PAH severity (aortic stiffness and endothelial
glycocalyx estimation).
On 2018 evaluation, the patient was in World Health Organization- Functional Class
(WHO-FC) late II status. After RHC, we found that mPAP = 54 mmHg, PVR = 8.3 Wood
Units and CI = 2.8 L/min/m2 . In 6MWD she walked 561 m while in cardiopulmonary exercise test (CPET) she achieved a peak oxygen consumption (peak VO2 ) =14.7 mL/min/kg
(66% predicted VO2 ). PWV was 8.30 m/s and PBR 5–9 was 1.11 µm. Simultaneously, we
found that PBR 5–25 = 2.36 µm, PBR 10–19 = 2.42 µm and PBR 20–25 = 3.29 µm while red
blood filling percentage (RBC%) =65%. The latter reflects the percentage of time in which a
particular vascular segment was occupied by RBCs.
On 2019 evaluation, the patient remained on WHO-FC II-late status and RHC revealed
that: mPAP (55 mmHg) and CI (2.7 L/min/m2 ) remained almost stable while PVR was
increased to 9.2 Wood Units. Similarly, she walked 9 m less in 6MWD (552 m) and she
achieved lower results during CPET (peak VO2 = 12.7 mL/min/kg, 56% predicted VO2 ).
Moreover, PWV was decreased to 7.8 m/sec while PBR 5–9 was increased to 1.24 µm. We
also found that PBR 5–25 = 2.09 µm and PBR 20–25 = 2.19 µm were decreased, PBR 10–19
= 2.47 µm was increased while red blood filling percentage (RBC%) = 61% (decreased).
Those results (mainly PVR increase) resulted to the replacement of sildenafil with riociguat
which was gradually uptitrated to 2.5 mg tid.
During the last evaluation on October 2020, we noticedthat the patient’s WHO-FC
status was upgraded to II-early. RHC confirmed that her hemodynamic parameters were
improved: mPAP was decreased to 48 mmHg; PVR was decreased to 6.9 Wood Units
and CI was increased to 3 L/min/m2 . Similarly, she walked 13 m more (6MWD = 565 m)
and she achieved better results in CPET (peak VO2 = 13.7 mL/min/kg, 61% predicted
VO2 ). Moreover, PWV was again increased to 8.3 m/sec while PBR 5–9 was again decreased to 1.13 µm. Additionally, PBR 5–25 = 2.22 µm and PBR 20–25 = 2.94 µm were
again increased, PBR 10–19 = 2.34 µm was decreased while red blood filling percentage
(RBC%) =69% (increased).
It seems that when the clinical status and the hemodynamic parameters (PVR) of this
IPAH female patient were deteriorated (2nd evaluation), aortic stiffness was decreased
and endothelial function worsened. On the contrary, when the patient was clinically,
functionally and hemodynamically increased and endothelial function was recovered
(3rd evaluation, Figure 1). This study was approved by the Institutional Review Board,
ATTIKON University Hospital (protocol ID 267, submitted on 25 April 2019 and approved
on 21 May 2019).
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Figure 1. Annual changes in hemodynamic, exercise and systemic circulation indices. (Abbreviations:
PVR, pulmonary vascular resistance; PWV, pulse wave velocity; VO2 , oxygen consumption, 6MWT,
Figure 1. Annual changes in hemodynamic, exercise and systemic
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six-minute walking test; CI, cardiac index; PBR, perfused boundary region).
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3. Discussion
6MWT,
six-minute walking test; CI, cardiac index; PBR, perfused boundary region.).

In a recent paper, we concluded that PVR was independently and inversely predicting
PWV
levels (Beta = −0.46, p = 0.01) in a group of 31 naïve first-diagnosed PAH patients (suf3. Discussion
fering of IPAH or PAH associated with connective tissue disease, congenital heart disease or
In a recent paper,
we concluded
PVR was
independently
and inversely
pre
portopulmonary
hypertension)
[7]. Severalthat
mechanisms,
besides
changes in cardiac
output,
ingmight
PWVbelevels
(Beta for
= −0.46,
p = 0.01)observed
in a group
of 31 naï
ve first-diagnosed
PAH pat
responsible
the alterations
in systemic
vascular
status in IPAH disease. Theof
high
activity
of circulatory
mediators
cytokines)
and
hypoxia hear
(suffering
IPAH
or PAH
associated
with(pro-inflammatory
connective tissue
disease,
congenital
may
lead
to
impaired
aortic
compliance
and
endothelial
dysfunction.
On
the
otherhand,
ease or portopulmonary hypertension) [7]. Several mechanisms, besides changes in
IPAH specific treatment (i.e., phosphodiesterase type 5 inhibitors, PDE5-i, prostacyclins)
diacmight
output,
might
beoxide
responsible
for and
the endothelial
alterationsNO
observed
systemic and
vascular s
promote
Nitric
(NO) release
receptors in
upregulation
in IPAH
disease.
Theimprove
high activity
of circulatory
(pro-inflammatory
cytok
subsequently
might
endothelial
function in themediators
systemic circulation
[10,11].

and hypoxia may lead to impaired aortic compliance and endothelial dysfunction. O
4. Conclusions
otherhand, IPAH specific treatment (i.e., phosphodiesterase type 5 inhibitors, PD
Advanced IPAH therapy and improvement of hemodynamic parameters leads to
prostacyclins) might promote Nitric oxide (NO) release and endothelial NO receptor
in-creased cardiac output which in turn results to systemic circulation restoration. On the
regulation
and
subsequently
might improve
endothelial
function
in the systemic
cir
same time,
indices
of systemic circulation
(aortic stiffness
and endothelial
glycocalyx)
alter.
tionAlthough
[10,11].this is only a case report, we think that changes regarding aortic stiffness and
4.

endothelial glycocalyx indices during the IPAH treatment need to be further studied as
possible
non-invasive markers of either improvement or deterioration of IPAH disease.
Conclusions

Advanced
IPAHConceptualization,
therapy and improvement
hemodynamic
parameters leads t
Author
Contributions:
H.T., D.B. (Dionysiaof
Birmpa)
and S.E.O.; writing—original
draft
preparation,
H.T.,
D.B.
(Dionysia
Birmpa)
and
D.B.
(Dimitrios
Benas);
review
and
editing,
H.T.,
creased cardiac output which in turn results to systemic circulation
restoration.
On
D.B. (Dionysia Birmpa), D.B. (Dimitrios Benas), A.S., I.I., P.T., F.F. and S.E.O.; supervision H.T. and
same
time, indices of systemic circulation (aortic stiffness and endothelial glycocalyx
D.B. (Dionysia Birmpa). All authors have read and agreed to the published version of the manuscript.

ter. Although this is only a case report, we think that changes regarding aortic stiff
Funding: This research received no external funding.
and endothelial glycocalyx indices during the IPAH treatment need to be further stu
Institutional Review Board Statement: The study was conducted according to the guidelines of
as possible
non-invasive markers of either improvement or deterioration of IPAH dis
the Declaration of Helsinki, and approved by the Institutional Review Board (ATTIKON University
Hospital (protocol ID 267, submitted on 25 April 2019 and approved on 21 May 2019).

Author Contributions: Conceptualization, H.T., D.B. (Dionysia Birmpa) and S.E.O.; writing—
Informed Consent Statement: Written informed consent has been obtained from the patient to
inalpublish
draft preparation,
H.T., D.B. (Dionysia Birmpa) and D.B. (Dimitrios Benas); review and ed
this paper.
H.T., D.B. (Dionysia Birmpa), D.B. (Dimitrios Benas), A.S., I.I, P.T., F.F. and S.E.O.; supervision
of Interest: The authors declare no conflict of interest.
andConflicts
D.B. (Dionysia
Birmpa). All authors have read and agreed to the published version of the
uscript.
Funding: This research received no external funding

Institutional Review Board Statement: The study was conducted according to the guidelin
the Declaration of Helsinki, and approved by the Institutional Review Board (ATTIKON Univ
Hospital (protocol ID 267, submitted on 25 April 2019 and approved on 21 May 2019)

Medicina 2021, 57, 558

4 of 4

References
1.

2.
3.

4.
5.

6.
7.

8.

9.

10.
11.

Galiè, N.; Humbert, M.; Vachiery, J.L.; Gibbs, S.; Lang, I.; Torbicki, A.; Simonneau, G.; Peacock, A.; Noordegraaf, A.V.; Beghetti,
M.; et al. ESC Scientific Document Group. 2015 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension:
The Joint Task Force for the Diagnosis and Treatment of Pulmonary Hypertension of the European Society of Cardiology (ESC)
and the European Respiratory Society (ERS): Endorsed by: Association for European Paediatric and Congenital Cardiology
(AEPC), Inter-national Society for Heart and Lung Transplantation (ISHLT). Eur. Heart J. 2016, 37, 67–119. [PubMed]
Giaid, A.; Saleh, D. Reduced Expression of Endothelial Nitric Oxide Synthase in the Lungs of Patients with Pulmonary Hypertension. N. Engl. J. Med. 1995, 333, 214–221. [CrossRef] [PubMed]
Castelain, V.; Hervé, P.; Lecarpentier, Y.; Duroux, P.; Simonneau, G.; Chemla, D. Pulmonary artery pulse pressure and wave
reflection in chronic pulmonary thromboembolism and primary pulmonary hypertension. J. Am. Coll. Cardiol. 2001, 37, 1085–1092.
[CrossRef]
Peled, N.; Bendayan, D.; Shitrit, D.; Fox, B.; Yehoshua, L.; Kramer, M.R. Peripheral endothelial dysfunction in patients with
pulmonary arterial hypertension. Respir. Med. 2008, 102, 1791–1796. [CrossRef] [PubMed]
Peled, N.; Shitrit, D.; Fox, B.D.; Shlomi, D.; Amital, A.; Bendayan, D.; Kramer, M.R. Peripheral Arterial Stiffness and Endothelial
Dysfunction in Idiopathic and Scleroderma Associated Pulmonary Arterial Hypertension. J. Rheumatol. 2009, 36, 970–975.
[CrossRef] [PubMed]
Lee, J.H.; Cho, K.I. Arterial stiffness, antiphospholipid antibodies, and pulmonary arterial hypertension in systemic lupus
erythematosus. J. Cardiol. 2014, 64, 450–455. [CrossRef] [PubMed]
Triantafyllidi, H.; Apostolopoulou, O.; Benas, D.; Ikonomidis, I.; Varoudi, M.; Tsagkaris, I.; Anthi, A.; Rallidis, L.; Kostantonis, D.;
Frantzeskaki, F.; et al. Systemic endothelial glycocalyx and aortic stiffness are preserved in pulmonary arterial hypertension.
Hell. J. Cardiol. 2020, 61, 288–290. [CrossRef] [PubMed]
Van Bortel, L.M.; Laurent, S.; Boutouyrie, P.; Chowienczyk, P.; Cruickshank, J.K.; De Backer, T.; Filipovsky, J.; Huybrechts, S.;
Mattace-Raso, F.U.; Protogerou, A.D.; et al. Expert consensus document on the meas-urement of aortic stiffness in daily practice
using carotid-femoral pulse wave velocity. J. Hypertens. 2012, 30, 445–448. [PubMed]
Nieuwdorp, M.; Meuwese, M.C.; Mooij, H.L.; Ince, C.; Broekhuizen, L.N.; Kastelein, J.J.P.; Stroes, E.S.G.; Vink, H. Measuring
endothelial glycocalyx dimensions in humans: A potential novel tool to monitor vascular vulnerability. J. Appl. Physiol. 2008, 104,
845–852. [CrossRef] [PubMed]
Dorfmuller, P.; Perros, F.; Balabanian, K.; Humbert, M. Inflammation in pulmonary arterial hypertension. Eur. Respir. J. 2003, 22,
358–363. [CrossRef] [PubMed]
Velez-Roa, S.; Ciarka, A.; Najem, B.; Vachiery, J.-L.; Naeije, R.; van de Borne, P. Increased Sympathetic Nerve Activity in Pulmonary
Artery Hypertension. Circulation 2004, 110, 1308–1312. [CrossRef] [PubMed]

