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The object that presented itself to the eyes of the astonished clerk, was a boy – a wonderfully fat boy – habited as
a serving lad, standing upright on the mat, with his eyes closed as if in sleep.
– DICKENS [1]
In this issue of the European Respiratory Journal, HELD et al. [2] report on 18 patients with severe pulmonary
hypertension due to alveolar hypoventilation, who were markedly improved after 3 months of noninvasive
bi-level positive-pressure ventilation (NIPPV). Mean pulmonary artery pressure (mPAP) and pulmonary
vascular resistance (PVR) were 50 mmHg and 6–7 Wood units, respectively, at baseline, and decreased to
30 mmHg and 3–4 Wood units with NIPPV; this was accompanied by improved catherisation and
echocardiographic indices of right ventricular (RV) function. The N-terminal pro-brain natriuretic peptide
(NT-proBNP) levels also decreased, and the 6-min walk distance (6MWD) improved by 80 m. These results
are in striking contrast with the ‘‘borderline’’ (mPAP 20–25 mmHg) or mild (mPAP 25–30 mmHg)
pulmonary hypertension generally seen, but with rare exceptions, in patients with respiratory conditions.
Borderline or mild pulmonary hypertension due to respiratory conditions is of uncertain clinical relevance,
exhibits slow progression controlled by supplemental oxygen and is refractory to drugs targeting the
pulmonary circulation [3, 4].
12 of the 18 patients reported by HELD et al. [2] fulfilled the criteria of obesity hypoventilation syndrome
(OHS), defined by a combination of awake hypercapnia (arterial carbon dioxide tension (PaCO2)
.45 mmHg), a body mass index .30 kg?m-2 and exclusion of other causes that could account for
hypoventilation, such as lung or neuromuscular disease [5, 6]. Three of the OHS patients had concomitant
chronic obstructive pulmonary disease (COPD) and five patients had COPD without obesity. However, the
reported patient population may be representative of OHS as sleep disordered breathing with obstructive
sleep apnoea (OSA) is identified in 90% of the patients and OSA often presents as ‘‘overlap syndrome’’,
defined by concomitant COPD [5, 6].
OHS was first reported in 1955 [7] and, a year later, the term Pickwickian syndrome was coined [8], after
the colourful character of the ‘‘fat boy’’ who consumes great quantities of food and constantly falls asleep in
any situation at any time of day, described by Charles Dickens in The Pickwick Papers. But patients afflicted
with OHS do not find it funny. They suffer from fatigue, exertional dyspnoea, morning headaches, daytime
sleepiness and depression, impacting both the physical and mental/social aspects of quality of life. In
addition, they are more exposed than obese control subjects to comorbidities, including hypertension, heart
failure, pulmonary hypertension, asthma and diabetes mellitus, resulting in higher medical resource
utilisation and shorter life expectancy [5, 6]. The pathophysiological changes in OHS include an excessive
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mechanical load imposed on the respiratory system by increased weight, a blunted central respiratory drive
(which is normally increased in overweight control subjects) and sleep disordered breathing. There are
several associated biological disturbances, including decreased leptin and insulin-like growth factor-1, both
of which correlate to increased PaCO2. The incidence of OHS is increasing along with the rising incidence of
extreme obesity around the world, and can, therefore, be considered a rapidly growing public health
problem. Current estimates suggest that OHS might be diagnosed in 0.3–0.4% of the US population [5, 6].
Up to 50% of patients with OHS present with peripheral oedema, pulmonary hypertension and right heart
failure, as compared with a small percentage of patients with ‘‘pure’’ OSA [5]. However, the severity of
pulmonary hypertension in OHS is variable. For example, an average PVR of 4 Wood units and mPAP of
23 mmHg was observed in a series of 27 patients with OHS by KESSLER et al. [9], contrasting with much
higher PAP and PVR in the study of HELD et al. [2]. These differences probably reflect variable referral
strategies in different communities and the wide range of pulmonary vascular responses to hypercapnia and
hypoxia. Whether OHS would be a more common cause of severe pulmonary hypertension than other
respiratory conditions remains to be firmly established.
The reversibility of pulmonary hypertension in OHS treated with NIPPV suggests a major pathological role
for hypoxic and hypercapnic vasoconstriction. In 1971, HARVEY et al. [10] proposed the following equation,
elaborated on available data at that time, to predict diastolic PAP (dPAP) from wedged PAP (wPAP),
arterial oxygen saturation (SaO2) and hydrogen ion concentration [H+] in patients with respiratory
conditions:
dPAP5 -15.4+(0.636wPAP)+(0.586SaO2)+(0.566[H+])
The authors reasoned that the dPAP–wPAP gradient, or diastolic pulmonary vascular pressure gradient
(DPG), would be a better indicator of pulmonary vascular disease than PVR or the mPAP–wPAP gradient,
or transpulmonary pressure gradient, because mPAP, not dPAP, is affected by pulmonary arterial
compliance and stroke volume [10]. This has been recently revisited and confirmed [11]. HARVEY et al. [10]
also thought that the effects of increased PaCO2 on the pulmonary circulation are mediated by a decreased
pH, as shown by animal experiments [12] and also more recently confirmed [13]. It is fascinating
that the DPG values before and after NIPPV reported in the study by HELD et al. [2] are predicted by
Harvey’s formula.
While the improvement in haemodynamics after 3 months of NIPPV was striking [2], with
(quasi)normalisation of most noninvasive and invasive indices of RV function, NT-proBNP and PVR,
pulmonary hypertension was not completely reversed. This may be related to incomplete correction of
daytime hypercapnia, which remained, on average, at the extreme upper limit of normal or above, and one
does not have information about night-time hypercapnia. The authors could have thought of using a
measurement of bicarbonate, which remains persistently increased after nocturnal bouts of hypercapnia [5].
Erythrocytosis, which is another important feature of the OHS, was not mentioned but probably corrected
by NIPPV. Vascular resistance is directly affected by the viscosity of the blood. In patients with chronic
mountain sickness (CMS), exposed to severe hypoxaemia at high altitude related to a blunting of
chemosensitivity to hypoxia, correction of PVR for the effects of increased haematocrit decreases PVR by an
average of 2–3 Wood units [14]. Abnormal respiratory mechanics of obesity and associated COPD could be
causes for persistently increased PVR in a proportion of the patients. Concomitant weight loss would
probably have further increased the efficacy of NIPPV [5, 6]. However, weight loss is very difficult to
achieve in OHS using a medical approach. Bariatic surgery is more effective, but not always successful and
carries a high risk of serious postoperative complications [4–6]. Finally, longer periods of NIPPV may be
needed to completely reverse the hypoxic remodelling of the pulmonary circulation. Normalised pulmonary
haemodynamics in CMS, the altitude counterpart of OHS, has been reported to require 1–2 years of sea
level residency [15].
Hypercapnia is well tolerated in critically ill patients mechanically ventilated with small tidal volumes to
prevent inflation-induced parenchymal lung injury [16]. However, hypercapnia in patients living with a
hypoventilation syndrome is a curse. The retention of carbon dioxide causes dyspnoea–fatigue symptoms,
poor sleep, morning headaches, daytime somnolence, flapping tremor and confusion, all making daily life
miserable [17]. Increased carbon dioxide tension alters central nervous system function, has direct negative
effects on myocardial contractility, decreases muscle strength and induces systemic vasodilation which,
along with associated sympathetic activation, results in a hyperdynamic cardiovascular state [17]. Renal
function adapts by an increased reabsorption of bicarbonate, but this is necessarily accompanied by
retention of sodium [18] and, thus, fluid retention and eventual congestion. Associated metabolic alkalosis
further depresses the central chemoreflex in a vicious circle.
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Why do patients with OHS present with a decreased exercise capacity? HELD et al. [2] suggest that
pulmonary hypertension plays a major role, as decreased PAP and improved 6MWD as a result of NIPPV
were correlated. This was also observed by CASTRO-AÑÓN et al. [19] in a similar study in 30 patients with
OHS treated with NIPPV for 6 months, but with pulmonary hypertension assessed noninvasively. However,
factors other than the unloading of the RV could also positively affect the 6MWD, including improved
oxygenation increasing oxygen delivery to the working muscles and improved cerebral function by
correction of hypercapnic acidosis. Cardiopulmonary exercise testing was performed in nine of the patients
reported by HELD et al. [2], but with unclear results as the maximum respiratory exchange ratio remained
below one, excluding an early anaerobic threshold like that typically seen in heart failure or pulmonary
hypertension [20, 21]. Preserved breathing reserve (that is the difference between maximum voluntary
ventilation and maximum exercise ventilation) argues against a ventilatory limitation, as was also shown in
CMS [22]. Further studies are needed to better understand the contribution of pulmonary hypertension to
the limitation of exercise capacity in OHS.
HELD et al. [2] are to be commended for this elegant pathophysiological study. Their results shed light on
the multiple metabolic and cardiorespiratory derangements accounting for the clinical presentation of OHS.
As with any good study, new questions arise that will hopefully encourage further research. The authors
raise the possibility that severe pulmonary hypertension in hypoventilation syndromes may curable by
simple and straightforward measures aimed at correction of respiratory disturbances.
In 1990, after several years of negative reports of the effects of vasodilators, including b2-agonists,
hydralazine, isosorbide, calcium antagonists and angiotensin converting enzyme inhibitors in patients
with pulmonary hypertension on respiratory conditions, PEACOCK [23] called for a break and urged
colleagues to ‘‘Treat the lung not the [pulmonary artery] pressure’’. He advised referral of these patients to
specialist units for optimised treatment with judicious use of oxygen, bronchodilators, steroids,
ventilatory support and dietary counselling as needed. Almost a quarter of a century later this has
not changed, in spite of the advent of targeted therapies efficacious in the treatment of pulmonary
arterial hypertension.
The study by HELD et al. [2] is a reminder that ‘‘treating the lung, not the pressure’’ is currently the
recommended therapeutic strategy for patients with pulmonary hypertension and respiratory conditions.
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