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Male, 39-year-old
Acute hypercapnic respiratory failure
Respiratory distress e altered consciousness ¢ an inability to move independently

Critical Care Medicine

Rare coexistence of disease or pathology

Obesity hypoventilation syndrome (OHS) is characterized by hypercapnia in obese patients, with acute hyper-
capnic respiratory failure often worsened by various conditions. Managing super-super obese patients pres-
ents complex challenges in critical care. Our case report details the successful treatment of acute respiratory
failure in a patient with a body mass index (BMI) over 80 kg/m2, highlighting the importance of comprehen-
sive, multidisciplinary care in the Intensive Care Init (ICU).

A 39-year-old man with a BMI of 81.1 kg/m? presented to our emergency department with respiratory distress,
altered consciousness, and an inability to move independently. Arterial blood gas analysis revealed severe hy-
percapnia and hypoxemia, indicating decompensated OHS. Laboratory tests and computed tomography scans
suggested his condition was exacerbated by pneumonia and congestive heart failure. The patient was man-
aged in the ICU with endotracheal intubation, mechanical ventilation, and esophageal pressure monitoring. In
addition to antibiotics, diuretics were used to manage fluid balance. His care included multidisciplinary sup-
port with nutritional management and active physiotherapy. After 15 days, he was weaned from the ventilator
and discharged from the ICU on day 20, continuing rehabilitation until he was discharged home on day 60.
This case report describes the successful treatment of acute hypercapnic respiratory failure from decompen-
sated OHS in a super-super obese patient. Addressing the underlying conditions and tailoring clinical practices
to the patient’s specific needs, especially regarding ventilatory support, fluid balance, and nutrition, were cru-
cial. A collaborative multidisciplinary approach was essential for improving outcomes.

Critical lllness ¢ Hypoventilation ¢ Obesity ¢ Respiratory Insufficiency

https://www.amjcaserep.com/abstract/index/idArt/945112

%1678 E‘Ell les %11

Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be
made by its manufacturer, is not guaranteed or endorsed by the publisher

€945112-1

Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]


https://orcid.org/0000-0001-7160-1848
https://orcid.org/0000-0002-7308-1716

Introduction

The obesity paradox refers to the curious observation that
obesity increases the risk of associated diseases yet, paradox-
ically, confers a short-term survival advantage in acute medi-
cal conditions such as sepsis or acute respiratory distress syn-
drome [1]. However, this paradox does not extend to patients
with extraordinary obesity.

Obesity hypoventilation syndrome (OHS) is defined by hypercap-
nia (typically partial pressure of arterial carbon dioxide >45 mmHg)
in patients with obesity (body mass index (BMI) >30 kg/m?), ex-
cluding other alternative causes for hypoventilation [2]. Acute
hypercapnic respiratory failure in these patients can be exacer-
bated by various conditions, including neuromuscular or mechan-
ical issues, as well as pneumonia and congestive heart failure.

Managing a patient with super-super obesity, defined as
a BMI 260 kg/m? [3], presents multifaceted challenges [1].
Exceptionally few cases of patients with a BMI over 80 kg/m?
and reluctance to treat have been reported in acute and critical
care settings [4,5]. Complications of treating obese patients in
the ICU include difficulties in mechanical ventilation, increased
risk of infections, and challenges in mobilization and rehabili-
tation [1]. These complications necessitate a multidisciplinary
approach to effectively manage and treat these patients.

Our case report details the successful comprehensive treat-
ment of acute respiratory failure due to hypoventilation in a
patient with a BMI exceeding 80 kg/m?, possibly exacerbated
by pneumonia and congestive heart failure. This report high-
lights the importance of a multidisciplinary team in the ICU,
offering insights into the complexities of managing extreme-
ly obese patients in critical care settings. Through this report,
we aim to enhance understanding and management strate-
gies among clinicians dealing with such challenging cases.

Case Report

A 39-year-old Japanese man had been experiencing mus-
cle weakness in his lower extremities over the past month.
Despite his wife’s recommendation to see a doctor, he initial-
ly declined. Until the day before his hospital visit, his wife had
been assisting him with daily activities. However, on the day
of emergency transport to our hospital, he presented with re-
spiratory distress, altered consciousness, and an inability to
move independently. He had been receiving psychiatric treat-
ment for depression and panic disorder, taking paroxetine, ni-
trazepam, and bromazepam daily.

On arrival, his vital signs were as follows: Glasgow Coma Scale
score of 8 (E1V2M5), with respiratory rate of 22 breaths/min,
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heart rate of 108 beats/min, oxygen saturation of 87% on sup-
plemental oxygen at 15 L/min, and body temperature of 36.9°C.
Blood pressure measurements were not possible as the cuff
could not be applied. His height was 175 c¢m, and the patient’s
estimated weight was at least 250 kg (BMI 81.1 kg/m?), as this
was the upper limit of the measuring scale. A peripherally in-
serted central catheter was placed in his right upper arm, and
an arterial line was inserted in his left brachial artery, show-
ing his blood pressure of 159/101 mmHg. An arterial blood
gas analysis revealed pH of 7.103, PaCO, of 125 mmHg, PaO,
of 80 mmHg, and HCO,™ of 37.3 mmol/L, indicating hypercap-
nic respiratory failure due to decompensated OHS. Blood tests
were interpreted as indicating infectious diseases, abnormal
liver function tests, and heart failure (Table 1). Chest computed
tomography scan revealed infiltration shadows in the bilateral
lung fields and cardiomegaly (Figure 1). No apparent abnor-
malities were identified in the abdominal and pelvic cavities.

Three hours after his arrival and admission to the emergency
Intensive Care Unit (ICU), he appeared distressed. Based on
his acute respiratory failure and distress from hypoventilation,
non-invasive ventilation was not applied due to agitation and
non-cooperation. Therefore, we opted for endotracheal intu-
bation with the consent of the family. Mask ventilation was
aided by a nasopharyngeal airway. After premedication with
phytanyl and ketamine, endotracheal intubation was success-
fully performed using video laryngoscopy (Figures 1B, 2A). We
utilized esophageal pressure monitoring and titrated positive
end-expiratory pressure (PEEP) to maintain positive expiratory
transpulmonary pressure. Initially, a PEEP of 18 to 20 cmH,0
was necessary during the first 10 days of mechanical ventila-
tion, after which we gradually reduced PEEP levels to 10 cmH,0,
guided by transpulmonary pressure. As for his cardiovascular
system, a poor acoustic window limited our ability to assess his
cardiac function via transthoracic echocardiography. However,
overall left ventricular wall motion was noted to be adequate.
Additionally, a dilated inferior vena cava, measured at 32.4 mm
via CT scan, indicated right heart failure likely due to pulmo-
nary hypertension associated with severe obesity. Suspecting
that his OHS was exacerbated by sepsis due to pneumonia,
we initiated treatment with 4.5 g of piperacillin/tazobactam
every 6 hours. Later, blood cultures showed no growth, while
sputum cultures identified a polymicrobial strain. Piperacillin/
tazobactam was discontinued on day 12. Key treatments also
included diuretics to facilitate extra water removal and weight
loss. Diuretics led to a decrease in total bilirubin to 3.89 mg/dL
the next day, brain natriuretic peptide to 100.7 pg/mL the fol-
lowing day, and a prothrombin time-international normalized
ratio of 1.15 a week later, indicating improvement in hepatic
injury due to right heart failure. Additionally, unfractionated
heparin was administered to prevent deep vein thrombosis.
Enteral nutrition was initiated on the next day and gradually
increased over the course of 7 days, reaching a total of 960
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Table 1. Laboratory data on admission.

Arterial blood gas (15 L/min of oxygen) Biochemistry

pH 7.103 Total protein 7.5 g/dL
paco,  125mmHg Abumin  35gd.
PO, 80.0mmHg Totalbilirubin 511mgdl
CMcor 373mmoll Direct bilirubin 281 mg/dl
Baseexcess 09mmoL eoT @00
Clactate 32mmoll AST 70
Complete blood count ALT 77777777777777777777777777777777777777777777777777777777777777 51IU/L 7777777777777777

White blood cells 11,270/pL LDH 777777777777777777777777777777777777777777777777777777777777 475IU/L 777777777777777
"""" Neutrophil%) 746  Creatininekinase  1403IUL
"""" lymphocyte %) 156  BUN  1g7mgd
© Hemoglobn  170gdl Creatinine 091 mg/dl
© Hematocrt  604% Sodium 141 mEgL
© Plateletcount  225«10%uL Potassum s6mEq/l
[ coagulaton RO 98 mEq/l

PT (%) 35 Glucose  14lmgdl
CPTINR 70 w_e 469 mgdl
T 3955 Procalcitonin 0508 ng/ml
Fibrinogen ~ 26lmgdL BNP s624pg/ml
D-dimer 63uUmL

PT — prothrombin time; PT-INR — prothrombin time-international normalized ratio; APTT — activated partial thromboplastin
time; GGT — gamma-glutamyl transpeptidase; AST — aspartate aminotransferase; ALT — alanine aminotransferase; LDH — lactate
dehydrogenase; BUN — blood urea nitrogen; CRP — C-reactive protein; BNP — brain natriuretic peptide.

Figure 1. Chest computed tomography (A) and chest X-ray (B) upon admission. (A) Chest computed tomography demonstrating
enhanced pulmonary vascular markings (asterisk) and infiltration shadows (triangle arrow) in the bilateral lung fields.
(B) Chest X-ray taken immediately after endotracheal intubation, showing cardiomegaly (triangle arrow) and bilateral
infiltrates (arrow).
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Figure 2. Patient’s photos on ICU admission and on the18" day. (A) Patient with a body weight of at least 250 kg on ICU admission.
(B) Encouraging the patient to get out of bed 3 days after extubation. ICU - Intensive Care Unit.

kcal/day with 48 g/day of protein. Psychiatrists intervened for
delirium and insomnia, promoting daytime wakefulness, and
adopting a semi-sitting position. Active physiotherapy was
also implemented. Figure 3 illustrates his clinical course, fo-
cusing on ventilator settings, fluid balance, and body weight.

On the 15% day, his body weight was 221.3 kg. The arterial blood
gas analysis showed a pH of 7.385, Pa0, of 72.7 mmHg, PaCO,
of 56.9 mmHg, and HCO,™ of 33.9 mmol/L, with FO, set at 0.5 in
spontaneous mode. The patient was successfully weaned from
the ventilator and extubated, followed by application of non-
invasive positive pressure ventilation over the next 24 hours.
Encouraging the patient to get out of bed (Figure 2B), he was
discharged from the emergency ICU on hospital day 20. After
leaving the ICU, continuous positive airway pressure was ini-
tiated during nighttime due to high suspicion of obstructive
sleep apnea. This treatment was continued after discharge to
home. Following further rehabilitation, the patient was dis-
charged to home on day 60, weighing 189.4 kg.

Discussion

Acute respiratory failure in extremely obese patients presents sig-
nificant challenges, including difficulties with mechanical ventila-
tion, higher infection risks, and complexities in mobilization and
rehabilitation [1]. Despite an emphasis on individualized, mul-
tidisciplinary care, optimal strategies for managing super-super
obese patients are not well established. This case report address-
es these gaps by showcasing a successful treatment approach,
underscoring the importance of tailored clinical practices and a
coordinated multidisciplinary team to improve patient outcomes.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€945112-4

The patient was presumed to have OHS, defined by a BMI
of at least 30 kg/m? and elevated PaCO, (>45 mmHg) during
wakefulness [2], as evidenced by metabolic compensation in
his blood gas analysis. Concurrently, obstructive sleep apnea
was noted, but other potential causes of hypoventilation such
as chronic obstructive pulmonary disease, restrictive lung dis-
eases, or neuromuscular disorders were clinically excluded [6].
OHS, which is characterized by multi-organ dysfunction, can
quickly progress to respiratory failure if intensified by condi-
tions such as asthma, heart failure, or infections. In this case,
despite limitations in echocardiography due to the patient’s
thick chest wall, congestive heart failure was diagnosed based
on pulmonary congestion, dilated inferior vena cava, and high
brain natriuretic peptide levels, with a potential complication
from pneumonia. Thus, the primary treatments included the
administration of antibiotics and diuretics.

In treating super-super obese patients, clinicians face profound
challenges such as diagnostic and logistical issues, monitor-
ing difficulties, vascular access problems, and pharmacokinetic
changes [7]. Among them, complexities in airway and ventila-
tory management, as well as nutritional support are discussed.

Airway Management

We facilitated airway management by using a nasopharyngeal
airway and video laryngoscopy for intubation under light se-
dation. Additionally, the efficiency of styletubation for trache-
al intubation, which involves using a video-assisted intubat-
ing stylet, has been reported in super-super obese patients [8].
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Figure 3. Patient’s clinical course. (A) Ventilator settings. (B) Trajectories of daily net fluid balance and patient’s body weight.
PIP — peak inspiratory pressure; PEEP — positive end-expiratory pressure; ICU — Intensive Care Unit.

Ventilatory Support

Studies show benefits of using transpulmonary pressure mon-
itoring in managing respiratory care in obese patients, poten-
tially reducing ventilator-induced lung injuries [9]. The opti-
mal PEEP settings for obese patients may differ significantly
from standard protocols, suggesting the need for a tailored ap-
proach based on individual assessments, especially for those
with super obesity. Regarding extubation, we used a PEEP of
10 cmH,0 just before extubation and followed up with non-
invasive ventilation, potentially preventing reintubation [10].
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Nutritional Management

As for nutritional management, relevant guidelines recom-
mending 22-25 kcal/kg of ideal body weight per day (for BMI
>50 kg/m2) may not be applicable to those with super obe-
sity [1]. According to these guidelines, the minimum require-
ment for our case was calculated to be 1482 kcal/day. However,
only 960 kcal/day was actually administered during mechan-
ical ventilation. Such underfeeding might be considered rea-
sonable and acceptable for those with super-super obesity,
based on a previous case report [11].

Furthermore, maintaining fluid balance was crucial, with di-
uretics aiding water removal and weight loss: literature sup-
ports careful fluid management in critically ill obese patients to
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prevent complications [1]. A multidisciplinary team, including
nurses, physical therapists, nutritionists, and pharmacists, pro-
vided comprehensive care, addressing complex medical, psycho-
logical, and social needs. This case shows the effectiveness of a
tailored, collaborative approach in managing acute respiratory
failure due to decompensated OHS in an extremely obese pa-
tient, aligning with previous reports and highlighting the need
for further research to refine management strategies [4,5,11].

Conclusions

This case report highlights the successful treatment of acute
hypercapnic respiratory failure due to decompensated OHS in a
patient with super-super obesity. In addition to addressing the
underlying conditions contributing to decompensation, tailor-
ing clinical practices to the specific physiological characteristics
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of these patients, particularly in terms of ventilatory support,
fluid balance, and nutritional support, is crucial. A collabora-
tive and multidisciplinary approach, such as nurses, pharma-
cists, physical therapists, and nutritionists, is essential for im-
proving patient outcomes.
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