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ORIGINAL ARTICLE

Pulmonary hypertension with a low cardiac index requires
a higher PaO2 level to avoid tissue hypoxia
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TAKAYUKI JUJO SANADA,1,2 TOSHIHIKO SUGIURA,1,2 SEIICHIRO SAKAO1 AND KOICHIRO TATSUMI1

1Department of Respirology, Graduate School of Medicine, Chiba University, Chiba, Japan; 2Department of Advanced
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ABSTRACT
Background and objective: The optimal oxygen sup-
plementation needed to avoid tissue hypoxia in
patients with pulmonary hypertension (PH) remains
unclear. This study aimed to identify the arterial oxy-
gen tension (PaO2) level needed to avoid tissue hyp-
oxia which results in a poor prognosis in patients
with PH.
Methods: We retrospectively analysed the data for 1571
right heart catheterizations in patients suspected of hav-
ing PH between 1983 and 2017 at our institution. Exam-
inations were classified according to mean pulmonary
arterial pressure (mPAP), cardiac index (CI) and the
presence of lung disease, pulmonary arterial hyperten-
sion (PAH) or chronic thromboembolic PH (CTEPH).
The PaO2 levels needed to avoid tissue hypoxia were
compared in each subgroup.
Results: The estimated PaO2 equivalent to a mixed
venous oxygen tension (PvO2) of 35 mm Hg (tissue
hypoxia) was 63.2 mm Hg in all patients, 77.0 mm Hg
in those with decreased CI (<2.5 L/min/m2) and
57.0 mm Hg in those with preserved CI. Multivariate
regression analysis identified mPAP, CI and PaO2 to be
independent predictors of extremely low PvO2. Similar
results were observed regardless of the severity of PH
or the presence of lung disease, PAH or CTEPH. The
PaO2 level needed to avoid tissue hypoxia was higher
in patients with mild PH and decreased CI than in
those with severe PH and preserved CI (70.2 vs
61.5 mm Hg).
Conclusion: These findings indicate that a decreased CI
rather than increased mPAP induces tissue hypoxia in
PH. Patients with PH and decreased CI may need
adjustment of oxygen therapy at higher PaO2 levels
compared with patients with preserved CI.

Key words: cardiac index, long-term oxygen therapy, pulmo-
nary hypertension, tissue hypoxia.

INTRODUCTION

Pulmonary hypertension (PH) occurs under several
conditions, including pulmonary arterial hypertension
(PAH), lung disease, heart disease and pulmonary
thrombosis.1,2 The prognosis is poor if PH is severe,
regardless of the cause. It is known that oxygen sup-
plementation can improve pulmonary haemodynamic
parameters in patients with PH,3 and long-term oxy-
gen therapy (LTOT) is recommended for such
patients.1,4,5 However, the survival benefit of LTOT in
patients with PH is unclear. Moreover, the rec-
ommended levels of arterial oxygen tension (PaO2) at
which LTOT should be initiated in these patients are
determined using data for chronic obstructive pulmo-
nary disease (COPD).1,4,5

Tissue hypoxia is a poor prognostic factor in many
conditions. Mixed venous oxygen tension (PvO2) can
reflect the state of tissue oxygenation well, and
PvO2 < 35 mm Hg is recognized as a clinical marker for
tissue hypoxia.6–10 Furthermore, a lower PvO2 seems to
reflect poor survival in patients with severe cardiopul-
monary disease.8 In patients with PAH, mixed venous
oxygen saturation (SvO2) is recognized as a predictor of
a poor prognosis.11–13 Therefore, it would be better to
adjust LTOT for maintenance of tissue oxygenation,
that is, the target PaO2 might be set to maintain a mini-
mum PvO2 (≥35 mm Hg).6,9

The relationship between PaO2 and PvO2 in
patients with PH is unclear. The aim of this study was
to clarify the optimal PaO2 level needed to avoid tis-
sue hypoxia.
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SUMMARY AT A GLANCE
Patients with pulmonary hypertension and a
decreased cardiac index (CI) often have tissue hyp-
oxia, which results in a poor prognosis, even though
their arterial oxygen tension (PaO2) is ≥60 mm
Hg. Conventional oxygen supplementation might be
insufficient, and adequate oxygenation and medical
treatment that could increase CI are important for
these patients.
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