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Cardiology

Challenging differential diagnosis

Obesity hypoventilation syndrome (OHS) is characterized by a body mass index (BMI) >30 kg/m?, daytime hy-
percapnia, an arterial carbon dioxide tension >45 mmHg, and obstructive sleep apnea (OSA). OHS can lead to
pulmonary hypertension. It has not been clearly demonstrated that OHS with pulmonary hypertension can lead
to right ventricular dysfunction and right heart failure. A case is presented of right ventricular dysfunction and
right ventricular failure secondary to OHS.

A 53-year-old man, who was morbidly obese with a BMI of 75 kg/m?, presented with shortness of breath (SOB)
and hypercapnia. He had never smoked but had a history of severe OSA and hypertension. On examination,
the patient was obese with normal lung auscultation and mild pitting edema of the lower extremities. A spi-
ral computed tomography (CT) angiogram showed no evidence of pulmonary embolism or interstitial lung dis-
ease. Pulmonary function testing showed no obstructive airway disease and a normal diffusion capacity. Two-
dimensional transthoracic echocardiogram (TTE) showed normal left ventricular function and a dilated right
ventricle (RV) with a flattened septal wall, moderate tricuspid regurgitation, and an estimated right ventricular
systolic pressure of 55-60 mmHg. The patient was discharged on continuous positive airway pressure (CPAP)
and oxygen at night, and as needed during the day.

This report has shown that OHS without underlying causes of alveolar hypoventilation can result in isolated
right ventricular dysfunction and right ventricular failure.

Heart Failure ¢ Hypertension, Pulmonary ¢ Obesity Hypoventilation Syndrome
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Background

Population data from the US between 2011 and 2014 showed
that 37% of adults were obese, with a body mass index (BMI)
of >30 kg/m?[1]. Up to 30% of severely obese hospitalized pa-
tients with a BMI >35 kg/m? have been reported to have hy-
poventilation syndrome (OHS) [2]. It is important to recognize
this condition, as patients with OHS with a BMI >35 kg/m?who
are hospitalized are reported to have a one-year survival of only
80% [2]. Obesity hypoventilation syndrome (OHS) is characterized
by a body mass index (BMI) >30 kg/m?, daytime hypercapnia,
an arterial carbon dioxide tension >45 mmHg, and obstructive
sleep apnea (OSA) [3]. OHS can lead to pulmonary hyperten-
sion and right ventricular failure, but right ventricular hyper-
trophy can be associated with preserved cardiac function [3].

Due to the obesity epidemic in the US, OHS is now likely to be
the second most common cause of chronic hypercapnia seen
clinically, with the most common cause being chronic obstruc-
tive pulmonary disease (COPD), with interstitial lung disease
being less common. Advanced neuromuscular diseases, such
as muscular dystrophy and amyotrophic lateral sclerosis can
result in hypercapnia resulting in the need for ventilatory sup-
port. Patients who suffer from a cerebrovascular accident (CVA)
may also develop chronic hypercapnia and need ventilatory
support. All these patients with advanced neuromuscular dis-
ease will need a percutaneous endoscopic gastrostomy (PEG)
and tracheostomy before placement in a long-term care facility.

Isolated right ventricular dysfunction with or without right ven-
tricular failure can occur with COPD, chronic thromboembol-
ic pulmonary hypertension, acute pulmonary embolism, and
chronic lung disease other than COPD that results in hypox-
emia. However, it remains unclear whether or not OHS alone
can cause isolated right ventricular dysfunction and right ven-
tricular failure. This report is of a case of OHS and isolated right
ventricular dysfunction with right ventricular failure.

Case Report

A 53-year-old man, who was morbidly obese with a BMI of
75 kg/m?, presented with shortness of breath (SOB) and hy-
percapnia. He had never smoked but had a history of hyper-
tension and severe obstructive sleep apnea with an apnea-hy-
popnea index (AHI) >30 per hour. There was no known family
history of cardiac disease, and the patient did not have a his-
tory of syncope.

On examination, his blood pressure was 132/83 mmHg, and
he had a regular pulse of 98 bpm, a respiratory rate of 20
breaths/minute, a temperature of 98.7°F, with oxygen satura-
tion (Sa0,) of 88% on room air. His heart sounds were normal
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Table 1. Pulmonary function tests.

Measured value Predicted value

FEV1 1.83 liters 61%
e 219 liters s8%
CREVIC &8
e sgaliters 101%
bico 25 mUmin/mmHg  89%

FEV, - forced expiratory volume in one second; FVC - forced vital
capacity; TLC — total lung capacity; DLCO — diffusing capacity of
the lungs for carbon monoxide.
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Figure 1. Two-dimensional transthoracic echocardiogram (TTE)
parasternal short-axis view of the heart. A large
right ventricle is shown with a ‘D sign,’ or flattened
interventricular septum (diameter 1.3 cm) due to
right ventricular pressure overload. A low normal left
ventricular ejection fraction of 50% was present.

without murmurs. Lung auscultation showed reduced but clear
breath sounds, and mild lower limb edema was present.

Blood gases showed a pH of 7.31, Pa0, of 57 mmHg, a PaCO,
of 61 mmHg, and a Sa0, of 86% on room air. Serum bicarbon-
ate was 30 mmol/L, brain natriuretic peptide (BNP) 160 pg/ml,
troponin 0.030 ng/ml, and thyroid function tests were normal.
An electrocardiogram (ECG) showed normal sinus rhythm with
a rate of 95 beats/min, a normal electrical axis with good R
wave progression in the precordial leads. No epsilon waves
were seen in the precordial leads.

Pulmonary function tests showed no obstruction or restriction
with a normal diffusing capacity of the lungs for carbon mon-
oxide (DLCO) and normal total lung capacity (TLC), as shown
in Table 1. The patient had a reduced forced expiratory vol-
ume in one second (FEV,) and forced vital capacity (FVC) with
a normal FEV /FVC ratio, which are commonly seen with obe-
sity hypoventilation syndrome (OHS) (Table 1) [4,5].
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Figure 2. Two-dimensional transthoracic echocardiogram (TTE)
parasternal long-axis view of the heart. An enlarged
and dilated right ventricle is shown secondary to right
ventricular pressure overload. The left atrium is slightly
enlarged.

Table 2. Echocardiography findings.

Normal range for

Measurement men
Aortic root 3.1cm 2.1-3.5cm
Cleftatium L) atem  3040em
VD indiastole  s6m 4259
WDinsystole s4cm  21-40em
Wsindiastle  13cm  06-10cm
WPWindiastole  15cm  06-10cm
| Right ventricular
| measurements
RVD in diastole 7.8 cm =
 TRmaxvelocty 303 cm/sec -
 TRmaxpressure 37mmHg """""""""""" -

gradient

LVID - left ventricle inner dimension; LVPW - left ventricle
posterior wall; IVS — interventricular septum; RVD - right
ventricle dimension; TR — tricuspid regurgitation. No pericardial
effusion or valvular abnormalities. No pulmonic stenosis.

The findings were in keeping with left ventricular hypertrophy
with a normal left ventricular ejection fraction (LVEF), severe
right ventricle (RV) dilatation and dysfunction, left and right
atrial enlargement, and moderate pulmonary hypertension.

Chest computed tomography (CT) showed normal lung paren-
chyma without pulmonary embolism. Two-dimensional trans-
thoracic echocardiogram (TTE) showed normal left ventricular
function and a dilated right ventricle (RV) with a flattened sep-
tal wall (1.3 cm in diameter), moderate tricuspid regurgitation,
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an estimated right ventricular systolic pressure of 55-60 mmHg,
right and left atrial dilatation, mild concentric left ventricular
hypertrophy, and a left ventricular ejection fraction of 50%
(Figure 1). The right ventricle was severely dilated and dysfunc-
tional (Figure 2). There was moderate tricuspid regurgitation
(max. velocity 303 cm/sec) with an estimated right ventricular
systolic pressure (RVSP) of 55-60 mmHg (Table 2). Pulse-wave
tissue Doppler imaging (TDI) of the anterior and posterior mitral
annulus showed abnormal left ventricle relaxation. The patient
was discharged on continuous positive airway pressure (CPAP)
and oxygen at night, and as needed during the day.

Discussion

The gold standard diagnostic procedure for the identification
of pulmonary hypertension is right heart catheterization, with
pulmonary hypertension defined as a mean pulmonary artery
pressure (PAP) >20 mmHg [6]. Four studies have used right
heart catheterization to demonstrate the presence of pulmo-
nary hypertension in patients with obesity hypoventilation
syndrome (OHS) [7-10]. Sugerman et al. identified pulmo-
nary hypertension in 23/26 patients with OHS [7]. However,
only nine patients (34.6%) had pulmonary hypertension with-
out left heart dysfunction. Kessler et al. studied 34 patients
with OHS, 29 had right heart catheterization, 17 patients
(59%) had pulmonary hypertension, but only 19/181 (10.5%)
with obstructive sleep apnea (OSA) alone had pulmonary hy-
pertension [8]. There was no difference in cardiac output de-
termined by thermodilution between patients with OHS and
those with isolated OSA [8]. Kauppert et al. performed right
heart catheterization in 21 patients with OHS and found pul-
monary hypertension in 17/21 (81%) patients [9]. However,
three patients had postcapillary pulmonary hypertension, and
14/21 (66.7%) had pulmonary hypertension not related to left
heart failure [9]. Held et al. identified 12 patients with OHS,
but three patients also had chronic obstructive pulmonary dis-
ease (COPD) that complicated the clinical presentation [10].
Therefore, nine patients with OHS had pulmonary hyperten-
sion (defined as a mean PAP >25 mmHg) by right heart cathe-
terization [10]. All patients had normal left ventricular function,
although the average data from 17 patients who underwent
right heart catheterization were presented, and patients with
OHS and pulmonary hypertension were not analyzed in isola-
tion [10]. These four previously published clinical studies sup-
port that pulmonary hypertension secondary to OHS occurs
in some patients without left heart failure, COPD, interstitial
lung disease, or other causes [7-10].

Although right heart catheterization is the best way to deter-
mine the presence of pulmonary hypertension, transthoracic
echocardiography (TTE) provides an estimate of the presence
or absence of pulmonary hypertension [6,11]. A large study
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by Almeneessier et al. investigated 77 patients with OHS who
were screened for the presence of pulmonary hypertension
with TTE [3]. In this previous study, pulmonary hypertension
was defined as a pulmonary artery systolic pressure (PASP)
>40 mmHg [3]. Fifty-three (68.8%) out of 77 patients had pul-
monary hypertension, and none had prior treatment with non-
invasive ventilation [3]. In this previously published study, the
body mass index (BMI) was 43.2+10.4 kg/m? and the average
age was 60.5+11.7 years [3]. The study showed that pulmo-
nary hypertension is common in patients with OHS who have
not been treated with noninvasive ventilation when initially
screened by TTE [3]. These previous studies using TTE in screen-
ing for pulmonary hypertension in OHS are consistent with the
right heart catheterization data and show that pulmonary hy-
pertension can occur in the absence of left ventricular failure.

The use of the apical four-chamber view in TTE to diagnose
pulmonary hypertension measures tricuspid regurgitant jet
velocity (TRV) and reflects the difference in pressure between
the right atrium (RA) and the right ventricle (RV) [6]. Assuming
that there is no pulmonary stenosis, the right ventricular sys-
tolic pressure (RVSP) is assumed to be equivalent to the pul-
monary artery systolic pressure (PASP) and can be calculat-
ed from the Bernoulli equation using an estimated right atrial
pressure determined from an inferior vena cava echocardio-
gram (Table 3) [6]. The Bernoulli equation is as follows:
RVSP=4(TRV)?*+estimated RA pressure

RVSP=PASP in the absence of pulmonary stenosis

A PASP >40 mmHg is consistent with a mean PAP >25 mmHg.
A mean PAP of >25 mmHg is currently defined as pulmonary
hypertension [6]. However, a PASP >40 mmHg is a conserva-
tive value, and an even lower PASP may be consistent with
pulmonary hypertension but may risk overdiagnosis (false pos-
itives) and is used less often. However, right heart catheter-
ization measures the mean PAP directly and is the gold stan-
dard for diagnosing pulmonary hypertension.

The case in the present report had pulmonary hypertension
with normal left ventricular function, and a brain natriuretic
peptide (BNP) of 160 pg/ml. The patient had never smoked.
The spiral computed tomography (CT) angiogram showed no
evidence of pulmonary embolic disease or interstitial lung
disease, and pulmonary function tests showed no obstruc-
tive or restrictive lung disease. However, the patient did have
moderate pulmonary hypertension on TTE, with right ventric-
ular dysfunction and right ventricular dilation. Right ventric-
ular dysfunction and ventricular failure manifested clinical-
ly as bilateral leg edema. We believe this to be a rare case of
OHS with resultant pulmonary hypertension that resulted in
right ventricular dysfunction and mild right ventricular failure.
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An underlying mechanism for pulmonary hypertension second-
ary to OHS is chronic nocturnal and diurnal hypoxemia, hyper-
capnia, and acidosis that leads to chronic vascular constric-
tion and vascular remodeling [12,13]. Also, patients with OHS
have increased upper airway resistance and reduced respira-
tory compliance [4]. In some patients, these factors may re-
sult in a significant effort to breathe, resulting in hypercapnia
and hypoxemia that also promote recurrent pulmonary arterial
vasoconstriction, vascular remodeling, and pulmonary arteri-
al hypertension [4]. Previous studies have shown that OSA re-
sults in right ventricular dysfunction [14-16]. The Framingham
study evaluated sleep-disordered breathing in patients with
a BMI of 325 kg/m? compared with those without sleep-dis-
ordered breathing [14]. The study found a small but signifi-
cant increase in right ventricular wall thickness [14]. However,
right atrial and right ventricular dimensions and right ventricu-
lar systolic function were no different than in the controls, and
there was no clinical right ventricular failure [14].

Dorsunoglu et al. used a complex myocardial performance in-
dex (MPI) and compared subjects with mild or moderate OSA
compared with normal controls [15]. All subjects, patients and
normal controls, had normal left ventricular systolic function as
determined by measurement of the ejection fraction [15]. Those
patients with moderate OSA had an increased left and right MPI
compared with the normal controls and compared with mild
OSA [15]. No patients had clinical symptoms of ventricular fail-
ure or clinical heart failure [15]. The right ventricular diastolic
diameter in all subjects was normal and varied from 9 mm to
30 mm [15]. This finding was in contrast to the finding in the
patient in this report who had a markedly enlarged right ventric-
ular diastolic diameter of 78 mm (Table 2). Romero-Correl et al.
also used the same MPI index and compared normal patients
with patients with mild OSA and moderate to severe OSA [16].
The patients with moderate to severe OSA when compared with
controls had an increased right and left MPI index, consistent
with right and left cardiac dysfunction, despite normal left ven-
tricular systolic function measured by the ejection fraction [16].
The patients did not have clinical symptoms of heart failure [16].
An additional finding was an increased left atrial volume index
consistent with diastolic dysfunction that was present in the OSA
patients and not present in normal controls [16]. The patient in
the present case report also had diastolic dysfunction, which was
probably secondary to his systemic hypertension. These latter
three studies showed that subclinical right ventricular dysfunc-
tion could occur without clinical heart failure in patients with
OSA [14-16]. However, the patient in the present case report
also had OHS and would be expected to have more severe and
prolonged pulmonary hypertension, which would be more like-
ly to result in right ventricular failure over time.

A previously published study evaluated the echocardiography
findings in 47 patients with OHS without obstructive airways
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disease on pulmonary function testing [17]. Left ventricular
function were evaluated in at least 39 patients, with right
ventricular function evaluated in 25 patients [17]. Left and
right ventricular dysfunction was found in some patients [17].
However, it was unclear whether there were patients with right
ventricular dysfunction who did not have left ventricular dys-
function [17]. Also, pulmonary embolic disease and intersti-
tial lung disease could not be completely excluded by spiral CT
angiography and non-contrast-enhanced CT, respectively [17].
Therefore, in this previous study, there was no clear cut evi-
dence to support the presence of right ventricular dysfunction
due to OHS and pulmonary hypertension [17].

Conclusions

This case report has shown that obesity hypoventilation syn-
drome (OHS) with pulmonary hypertension, without obstructive
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lung disease, can result in right ventricular dysfunction and
right ventricular failure. This condition should be diagnosed and
managed clinically, as the mortality for OHS is high. Effective
treatment includes weight loss, treatment at night with con-
tinuous positive airway pressure (CPAP) or noninvasive bi-
level positive airway pressure (BiPAP) ventilation, as needed,
and diuretics if the patient progresses to right heart failure.
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