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Abstract

Pulmonary hypertension is a lethal complication of kyphoscoliosis. It develops in the presence of alveolar
hypoventilation, similar to other diseases with alveolar hypoventilation such as obstructive sleep apnea and obesity
hypoventilation syndrome. Extrapolating from the treatment of other diseases with alveolar hypoventilation,
treatment of pulmonary hypertension related to kyphoscoliosis should be aimed at resting the respiratory muscle and
restoring respiratory drive by using nocturnal noninvasive positive pressure ventilation. Supplemental oxygen
therapy in addition to nocturnal noninvasive positive pressure ventilation might be effective for reducing the hypoxic
vasoconstriction of the pulmonary artery. Even with the use of nocturnal noninvasive positive pressure ventilation
and oxygen therapy, pulmonary hypertension develops in patients with kyphoscoliosis. In such cases, pulmonary
artery hypertension-approved vasoactive drug can be a candidate therapy. Experiences on the treatment of
pulmonary hypertension in patients with kyphoscoliosis must be accumulated.
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Introduction
Kyphoscoliosis can be complicated by Pulmonary Hypertension

(PH) and/or right heart failure in the presence of alveolar
hypoventilation. PH has been recognized as a lethal complication of
kyphoscoliosis that can shorten patients’ lives across age groups [1].
However, we have only few opportunities to encounter a patient with
kyphoscoliosis in a single center in modern times and thus have little
recognition about PH complicating kyphoscoliosis. Furthermore, even
if we encounter a kyphoscoliotic patient with PH, no guidance or
guidelines are available for reference.

Recently, we have reported the successful outcome of a yearlong
treatment of PH in a patient with kyphoscoliosis-related alveolar
hypoventilation who had undergone Non-Invasive Positive Pressure
Ventilation (NIPPV) [2]. This review summarizes the current concept
and possible treatment option for PH in kyphoscoliosis-related
alveolar hypoventilation, which we have obtained through our
experience with the present case.

PH due to Respiratory Disorders
PH related to kyphoscoliosis is classified into PH group 3 or PH due

to lung diseases and/or hypoxia, in the recent guidelines [3]. Group 3
PH includes the following 7 disease categories: (a) Chronic Obstructive
Pulmonary Disease (COPD), (b) Interstitial Lung Disease (ILD), (c)
Other pulmonary diseases with mixed restrictive and obstructive
patterns, (d) sleep-disordered breathing, (e) alveolar hypoventilation
disorders, (f) chronic exposure to high altitude, and (g) developmental
lung diseases. Although this group of PH develops in relation to
disorders of the respiratory systems, the pathophysiology involved in

each disease category differs and can be roughly categorized as follows:
(a) PH develops in lung disease, in which chronic remodelling in the
lung tissue may affect PH development, and (b) PH with no or
minimal lung disease develops in hypoxia or alveolar hypoventilation.
For lung disease-related PH such as COPD-and ILD-related PH,
treatment with Pulmonary Artery Hypertension (PAH)-approved
vasoactive drugs is not recommended because they may increase the
blood flow to the diseased area in the lung, which is ineffective in gas
exchange, and worsen hypoxemia [3]. Treatment of the underlying
lung disease is the only coping strategy for PH in lung diseases.
Guidelines recommend treating only patients with mild lung disease
and severe PH as a PAH-phenotype disease with PAH drugs.

The most common diseases that develop PH other than COPD and
ILD in this group may be Obstructive Sleep Apnea (OSA) and Obesity
Hypoventilation Syndrome (OHS), in which hypoxia and/or alveolar
hypoventilation is thought to play a major role in the development of
PH and the involvement of lung disease in the development of PH is
minimal. Persons with an apnea/hypopnea index of ≥ 5 times per hour
with the symptoms related to OSA are diagnosed as having OSA, and
those with daytime PaCO2 of>45 mmHg and body mass index of>30
kg/m2 are diagnosed as having OHS. OSA and OHS overlap, and most
OHS cases develop as a continuum of OSA. In the adult population,
the incidence of OSA ranges from 3% to 7% in males and from 2% to
5% in females. Of the patients with OSA, 8.5% to 22% have OHS [4].
Cohort studies showed a high prevalence rates of PH in OSA and OHS,
which are 17% and 58%, respectively [5,6]. These results indicate a
large number of patients with PH in this disease group. In these
diseases, decreased respiratory drive during Rapid-Eye Movement
(REM) sleep induces alveolar hypoventilation and hypoxemia. The
main cause of PH is hypoxic vasoconstriction of the pulmonary artery
induced by prolonged alveolar hypoventilation and hypoxemia. In
OSA, other factors such as increased venous return induced by
increased intrathoracic negative pressure during occlusion of the upper
airway and endothelial dysfunction are thought to be involved in the
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development of PH [4]. In some patients with OHS, restriction of the
chest wall and diaphragm movement by obesity itself induces
hypoxemia, without the episode of apnea during sleep. As coexistence
of heart disease is common in these diseases, some patients have the
factor of group 2 PH, or PH due to left heart disease [7].

The treatments of OSA and OHS, which are aimed at restoring
nocturnal breathing and recovering respiratory drive, are the mainstay
treatments for PH related to OSA and OHS. Continuous Positive
Airway Pressure (CPAP), the most fundamental treatment of OSA, has
been proven to decrease pulmonary artery pressure in patients with
OSA [8]. In patients with OHS, bariatric surgery has been reported to
decrease pulmonary artery pressure [9]. Although the treatments for
OSA and OHS have been proven to decrease pulmonary artery
pressure, PH still exists in some patients with OSA and OHS even after
treatment with CPAP and other supportive therapy [7]. Comorbid PH
worsens the prognosis of these diseases [10]. Thus, the strategy for the
next step of treatment for PH in these diseases is needed, and
treatment with PAH-approved vasoactive drugs seems convincing
because ventilation-perfusion imbalance in the lung, which is the
reason to avert the use of PAH-approved vasoactive drugs in lung
disease-related PH, might be minimal in these diseases. However, the
use of PAH-approved vasoactive drugs in these diseases has not been
reported yet.

PH in Kyphoscoliosis
In a registry study of paediatric PH, only 2 patients with

kyphoscoliosis were registered among 357 patients with confirmed PH,
52 of who had group 3 PH [11]. In a similar registry study of adult PH,
none of the 1,344 patients with PH had kyphoscoliosis [12]. This may
be due to the small number of patients with confirmed PH who were
diagnosed using right heart catheterization among the patients with
kyphoscoliosis and, of course, the small number of patients with
kyphoscoliosis. Thus, it is difficult to discuss about PH in
kyphoscoliosis as a single entity. However, the mechanisms of the
development of PH in alveolar hypoventilation and hypoxemia may be
common in diseases with alveolar hypoventilation. Load on the
respiratory muscle is increased because the motion of the rib cage and
diaphragm is anatomically limited in patients with kyphoscoliosis.
Chronic fatigue of the respiratory muscle induces hypoventilation
particularly in REM sleep. The alveolar hypoventilation during sleep
increases PaCO2 and deranges the respiratory drive from the brain,
which prolongs the duration of alveolar hypoventilation. This
mechanism has been proven by nocturnal use of Non-Invasive Positive
Pressure Ventilation (NIPPV), which improves daytime PaO2, PaCO2,
and respiratory muscle performance, in patients with kyphoscoliosis
[13-15].

Evidence concerning the effect of treatment on the prognosis of
patients with kyphoscoliosis and PH is scarce. The basic concept of the
treatment of PH related to kyphoscoliosis might be the same as that of
the treatments of OSA and OHS, which is to normalize breathing
particularly during sleep and improve respiratory drive. Nocturnal use
of NIPPV, which assists ventilation during sleep, seems more suitable
than CPAP, which is aimed at opening the upper respiratory tract
during sleep, for patients with kyphoscoliosis. Oxygen therapy, in
addition to NIPPV, might be effective because the main cause of PH
might be hypoxic vasoconstriction of the pulmonary artery [16].
Oxygen therapy alone might be rather harmful, because it does not aid
for attaining respiratory muscle rest but decrease respiratory drive
[16]. Even with the use of NIPPV, PH develops in patients with

kyphoscoliosis, like in OSA and OHS [14]. For this condition, PAH-
approved vasoactive drugs may be used, although no case of using
PAH-approved vasoactive drug has been reported, except for the
present case in a patient with severe kyphoscoliosis who was still active
in his work 3 years after the initiation of oxygen therapy and
phosphodiesterase 5 inhibitor, with>10 years of nocturnal NIPPV [2].
The normal lung structure has been reported to be maintained except
for microatelectasis induced by distortion and shortening of the
thoracic cage; thus, the ventilation-perfusion imbalance will be
minimal in the lungs of patients with kyphoscoliosis [17]. Therefore,
deterioration of hypoxemia should not occur with the use of PAH-
approved vasoactive drugs in patients with kyphoscoliosis.

Conclusion
Historically, it is a well-established fact that patients with PH in

kyphoscoliosis have poor prognosis. PH develops in the presence of
alveolar hypoventilation, similarly as other diseases with alveolar
hypoventilation, such as OSA and OHS. Nocturnal NIPPV and
supplemental oxygen therapy might be effective for the treatment of
kyphoscoliosis-related PH. Furthermore, PH develops even after the
initiation of these treatments. In this case, PAH-approved vasoactive
drugs can be candidate therapies. We have reported the case of a
patient with PH who responded well to a phosphodiesterase 5
inhibitor. PH that develops in patients with kyphoscoliosis could be
treatable. Thus, it is important not to overlook the signs of PH in
patients with kyphoscoliosis. Accumulating cases of kyphoscoliosis
that are diagnosed with right heart catheterization and treated has
been difficult. A prospective registry study is appropriate for
establishing the treatment for kyphoscoliosis-related alveolar
hypoventilation and PH, rather than the usual method of establishing
guidelines for various diseases, such as in randomized controlled
studies.
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