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Background: Malignant obesity hypoventilation syndrome (MOHS) is described as a subtype condition of OHS,
characterized by extreme obesity, obese-related hypoventilation, and multiorgan dysfunction. Because of low
awareness and inadequate treatment, MOHS leads to high morbidity and mortality.

Case presentation: A 53-year-old man was diagnosed with MOHS evidenced by extreme obesity and multiorgan
abnormalities. After taken noninvasive ventilation (NIV) treatment, he was rescued. And at the end of the six-month
pulmonary rehabilitation (PR) program, improvement in terms of respiratory parameters, BMI, apnea-hypopnea
index (AHI), and pulmonary hypertension were observed in the patient. Two years later, the patient was still in

Conclusions: This case highlights the awareness and proper use of NIV to rescue MOHS patients. Furthermore, the
benefits of PR were explored in this case, which has not been considered within the therapeutic options for MOHS
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Background

Obesity has risen inexorably worldwide in the past 4-5
decades and is now one of the most significant contribu-
tors to poor health in most countries (Swinburn et al.,
2019). In China, the rapid lifestyle changes associated
with urbanization are characterized by high caloric in-
take and reduced physical activity, putting Chinese
people at a high risk of obesity (Yin et al., 2016). Obesity
can result in obesity hypoventilation syndrome (OHS),
of which the prevalence is increasing proportionally to
the prevalence of obesity. Furthermore, OHS brings
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patients with many complications, involving obstructive
sleep apnea (OSA), metabolic and cardiac disorders.
Malignant obesity hypoventilation syndrome (MOHS)
was recently described as a severe form of OHS (Marik,
2012). It is defined as a patient with a body mass index
(BMI) greater than 40 kg/m® with awake hypercapnia
(PaCO,>45 mmHg), metabolic syndrome (central obes-
ity, hypertension, hyperlipidemia, and insulin resistance),
and multiorgan dysfunction related to obesity (Munoz
et al, 2013). At the same time, the awareness about
MOHS among physicians is limited, and the evidence on
therapy and outcomes are sparse (Sunwoo & Mokhlesi,
2018); moreover, the patients with MOHS are often not
diagnosed, and the morbidity is high, because of compli-
cations, rapid change, and progression (Raveendran
et al., 2017). Therefore, it is more important than ever to
diagnose and aware of the phenotype accurately and
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explore the appropriate treatment of MOHS. Here, we
present a case from our institute, in which a severely
obese patient presenting with breathlessness was found
to have respiratory failure, metabolic syndrome, OSA,
and cardiac dysfunctions. After receiving a diagnosis of
MOHS and treatment of average volume-assured pres-
sure support (AVAPS), the patient was fast recovered
from respiratory failure. Post-discharge pulmonary re-
habilitation (PR) was taken for 6 months, and improve-
ment in terms of respiratory parameters, BMI, AHI, and
pulmonary hypertension were observed in the patient.

Case presentation

A 53-year-old smoking Chinese man was admitted to
Obesity Medicine of Zhongshan Hospital for obesity and
difficulty breathing. Clinical history showed that he had
suffered from snoring and weight gain (around 4 kg per
year) for 30vyears since he was 20 and had daytime
sleepiness and witnessed apnea in the recent 10 y. He
had systemic hypertension treated since 2009. Four
months ago, the patient was diagnosed with COPD in
another hospital by pulmonary function testing (post-
bronchodilator forced expiratory volume in 1 s/forced
vital capacity (FEV1/FVC) =69%, FEV1=43.71% of
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predicted value), and he received inhale treatment of sal-
meterol/fluticasone and tiotropium bromide.

On arrival, his arterial blood gas (ABG) showed a pH
of 7.45, PaCO, of 91 mmHg, PaO, of 63.0 mmHg, and
Sa0, of 93% (Fig. 1a) indicating a type II respiratory fail-
ure. He was 153 cm tall, with a weight of 118 Kg, BMI
50.4 kg/m?% his waist- to- hip ratio is 1.019 (131.5cm
waistline, 129cm hip). A chest radiograph revealed
cardiomegaly and peribronchial thickening. A cardiac
echocardiogram showed a dilated right ventricle with re-
duced ejection fraction, as well as dilated left atrium, left
ventricular hypertrophy, and pulmonary hypertension
(40 mmHg). Fatty liver was diagnosed by an ultrasound
test. Bloodwork indicated insulin residence. Conse-
quently, he underwent polysomnography to look for
OSA. A 6-lead electroencephalographic (EEG: F3-M2,
F4-M1, C3-M2, C4-M1, O1-M2, O2-M1), submental
electromyographic, and bilateral electromyographic re-
cording was performed according to the AASM guide-
lines (Malhotra et al., 2018). His AHI was 61.4 events
/hour, indicating severe OSA (Fig. 2a). Based on the
medical evidence, he was diagnosed with MOHS.

Ten hours after admission, he had the aggravation of
dyspnea suddenly with cyanosis. ABG showed an
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Fig. 1 Changes in PH, PaO, and SaO, were detected by ABG
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Fig. 2 Polysomnogram analysis obtained before and after pulmonary rehabilitation treatment

obvious decrease of PaCO, (from 91 mmHg to 77.4
mmHg), SaO, (from 93 to 88.9%), and PH (from 7.45 to
7.30) (Fig. 1b). For treatment, noninvasive ventilation
(NIV) was started with a mode of auto-bilevel positive
airway pressure (BiPAP). The 90% actual inspiratory
positive airway pressure (IPAP) level was set at 13.6 cm
H,O, and 90% expiratory positive airway pressure
(EPAP) was at 10.1 cm H,O. However, after 16-h treat-
ment, ABG showed continued deterioration in PaO,
(from 64.3 to 51 mmHg) and SaO, (from 88. 9 to 88.0%)
(Fig. 1c). Following 24-h NIV treatment with oxygen
therapy, improvements in ABG were still not obvious
(Fig. 1d). Therefore, 90% IPAP and 90% EPAP were re-
spectively improved to 15cm H,O and 11.5cm H,O.

Then after 36 h, ABG showed slightly improvement in
PaO, (from 56 to 63 mmHg), SaO, (from 90 to 93%)
and PaCO, (from 52 to 50 mmHg) (Fig. 1e). However,
24 h thereafter, he was found foaming from the mouth
and conscious disturbance. ABG identified his PaCO,,
and pH drastically deteriorated to 130 mmHg and 7.06
(Fig. 1f). Then, Drager BiPAP was used instead of auto-
BiPAP. During titration, the IPAP level ranged between
EPAP and 20cm H,O under a constant rate of 18
breaths per minute (bpm). EPAP was set at 10 cm H,O
with a 40% inspired fraction of oxygen (FiO,) for further
therapy; after 1 h, ABG analysis showed improvement in
PaO, (84 mmHg) and PaCO, (76 mmHg) (Fig. 1g). Be-
cause of low tidal volume and obvious abdominal

Fig. 3 Abdominal distension limited the use of Drager BiPAP
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distension (Fig. 3), he received AVAPS. The IPAP;,,
IPAP ., and EPAP were set at 10, 24, 7cm H,O re-
spectively, to ensure adequate tidal volume (700 mL)
under a constant rate of 18 bpm. The patient was res-
cued after 3 - day AVAPS, with an improvement in ABG
(Fig. 1h) and clinical symptoms.

After discharge, an educational assessment to deter-
mine how to manage the patient’s conditions was per-
formed. He underwent a PR program of aerobic and
resistance training exercises per day up to 30 min
each, for 6 months. For the aerobic training, the work
rate began at 50% of his maximum heart rate on a
treadmill, with a speed of 2.5km per hour and 0% of
a slope. The workload and duration of exercise were
increased by 10% when the patient reached the level
of exercise at 10min without intolerable dyspnea,
measured as Borg rating of dyspnea < 5. For his re-
spiratory muscles training, progressive exercise was
employed, which consisted of diaphragmatic breathing
and inspiratory muscle training at 40 to 50% of his
initial maximal inspiratory pressure. Our patient took
oxygen therapy to maintain SpO, >90% during exer-
cise. Physicians also encouraged the patient to lose
weight and designed restricted calorie meal planning
for him. He was acclimatized to training with BiPAP
during sleep (the IPAP and EPAP were set at 30 and
8cm H,O respectively). At the end of the PR pro-
gram, improvement in terms of BMI, respiratory
parameters and polysomnography were observed in
the patient (Table 1). However, the changes in chest
radiograph and pulmonary hypertension were not
provided in the case report, because the absence of
the examination after PR.
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Discussion and conclusions

This case presented with a complex of signs/symptoms
consistent with the descriptions of MOHS, with a BMI
greater than 40 kg/m?> and a PaCO, in the context of re-
spiratory failure, RV dysfunction, pulmonary hyperten-
sion, OSA, insulin resistance, and liver abnormality. As
far as we know, this is the first case report of MOHS in
China; otherwise, this patient was fast revealed after
proper NIV treatment and was able to remain his BMI
reduction and recovery of lung function and pulmonary
hypertension by post-hospital PR.

MOHS patients before discharge are often erroneously di-
agnosed with COPD because of respiratory issues. As the
case in our patient, COPD was also previously diagnosed, al-
though a diagnosis of OSA and OHS is better supported by
the clinical picture. And after discharge PR, the lung func-
tion of the patient was completely returned to normal. Phy-
sicians should be more vigilant for the diagnosis of OHS or
OSA in obese patients with a respiratory abnormality.

Although the effect of applying NIV in MOHS has
been proven, the patient in the case presentation slightly
improved in ABG by BiPAP, and his condition deterio-
rated after 3-day treatment of NIV in the mode of
BiPAP. After applying AVAPS, his gas exchange and
clinical symptoms were significantly improved. AVAPS
is an additional mode for a bilevel pressure ventilation
device, and some trials have identified that AVAPS pro-
vides more benefits on ventilation quality in OHS pa-
tients, resulting in a more efficient decrease of the mean
transcutaneous partial pressure of carbon dioxide
(PtcCO,) and rapid recovery of consciousness when
compared to traditional BiPAP (Storre et al., 2006; Ciftci
et al,, 2017; Briones Claudett et al., 2013). Notably, our

Table 1 Results of respiratory and clinical tests before and after a pulmonary rehabilitation in the patient

Test Items Before PR treatment Post PR treatment
Height (m) 155 155
Weight (kg) 110 83
BMI (kg/m?) 504 3455

Respiratory functional tests FEV1/FVC 69 78.74
FEV1 (% of predicted value) 43.71 104.17
FVC (% of predicted value) 46.12 101.35

Polysomnography AHI (events/hour) 614 20.7
Hyponea 87 47
OSA 481 44
CSA 3 1
MSA 0 0
Total 571 92
Lowest O, saturation (%) 60 90.2

Abbreviations: PR Pulmonary rehabilitation, BMI body mass index, FEV1/ FVC post bronchodilator forced expiratory volume in 1 s/ forced vital capacity, AHI apnea-
hypopnea index, OSA obstructive sleep apnea, CSA central sleep apnea, MSA mixed sleep apnea
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patients were also improved after treatment with AVAP
S. Physicians should have an awareness of applying
AVAPS in MOHS patients, which has received little
attention in the literature (Murphy et al, 2012; Masa
et al.,, 2019).

Management after discharge is essential for patients
with chronic diseases. Weight loss is the most crucial
element in the management of OHS (Kakazu et al,
2020); however, it is often difficult to achieve and main-
tain weight loss by medical management. Bariatric sur-
gery is reported to effectively making a more substantial
degree of weight loss and maintaining this loss over
more extended periods in OHS patients (Schauer et al.,
2012; Sjostrom et al., 2007). While MOHS patients usu-
ally combine multiorgan disabilities, especially cardiovas-
cular and respiratory failure, which undoubtedly increase
the risk and difficulty of surgery. Perhaps this may partly
explain why there are few reports on bariatric surgery in
MOHS patients.

Recent evidence showed that treatment of chronic re-
spiratory failure with NIV was associated with weight
loss and a decrease in sedentary time. A multidisciplin-
ary rehabilitation program, in addition to NIV, can bring
OHS patients’ effects in terms of enhanced weight loss
and improved exercise capacity (Mandal et al., 2018). PR
is an evidence-based, multidisciplinary, and comprehen-
sive intervention for patients with chronic respiratory
diseases who are symptomatic and often have decreased
activities of daily living. Based on the evidence, we evalu-
ated whether a patient with MOHS, an illness that has
not yet been considered for PR, can benefit from PR. In
this case, PR was designed with an aerobic retraining
program and exercise training, nutritional education, re-
stricted calorie meal planning, encouragement for weight
loss, psychological support, and training with and
acclimatization to NIV. In the literature, there are no re-
ports on the efficacy of PR in MOHS patients, in con-
trast with other lung diseases such as COPD or
pulmonary hypertension where clinical studies have
demonstrated the benefits of PR (Sahni et al, 2015;
Arena, 2011). Further studies are needed to clarify the
benefits of PR among MOHS patients. Notably, clinically
relevant improvements and long-term benefits were
demonstrated in this report as a result of a PR. Although
clinical studies on long-term effects within a large pa-
tient population are required for definitive conclusions,
our observations suggest that PR would be beneficial for
patients with MOHS.
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