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Abstract

This article summarizes existing data on the complications and complexities of the management of the super obese patient in
an intensive care unit (ICU) setting. We have specifically focused on class III obese critically ill patients (i.e. BMI = 40 kg/m?, or =
35 kg/m? in the presence of comorbidities). It outlines the clinical and pathophysiologic characteristics of obesity hypoventilation
syndrome (OHS), acute respiratory failure secondary obesity and post-extubation respiratory failure. It also reviews the literature
on outcomes specific to the management of the obese critically ill patient, and complications including tracheostomy, long-term me-

chanical ventilation, imaging difficulties, vascular access, and nutrition.
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Introduction

Obesity is defined as a body mass index (BMI) greater than 30.0. Severe obesity is defined as a BMI = 40 kg/m? (or = 35 kg/m? in
the presence of comorbidities) [1,2]. In 2010 there was an estimated 3.4 million deaths caused by obesity worldwide; studies show-
ing the prevalence of obesity and its pandemic are consistent with an increase in BMI in both men and women from the year 1980 to
2013 [3]. The United States alone has the highest mean BMI among high income countries and obesity affects one in every 3 persons.
It was estimated in 2010 that 6.6% of the American population had a BMI over 40 [4].

Management of the super obese patients in the health care setting, aside from their more complex comorbidities is challenging
due to inadequacy of standard measuring and lifting devices, imaging and transporting equipment [4]. Obesity and increased BMI
specifically has shown to encounter challenges in ICU including prolonged mechanical ventilation, extended length of stay in the ICU,

infections, delirium and critical care myopathy [5].

Evidence strongly suggests obesity is a precursor to major coronary heart disease with its associated cardiovascular risk factors
including increased blood pressure and lipids, as well as diabetes and thus higher incidence of acute coronary syndromes [6]. Obesity
affects cardiopulmonary physiology by its increased inflammatory activity. The proinflammatory state induces accumulation of epi-
cardial fat which can result in myocardiopathy with intra-ventricular asynchrony, thus can lead to heart failure [7]. Most importantly,
obesity leads to sleep-disordered breathing including obstructive sleep apnea (OSA) and can cause chronic hypercapnic respiratory
failure secondary to obesity hypoventilation syndrome (OHS) [2,8].

Obesity paradox is the positive effect of obesity observed in long term hemodialysis patients associated with reduction in mortal-

ity with patients with higher muscle mass [9]. The meta-analysis by Pepper, et al. showed various physiologic and biologic hypoth-
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eses of obesity paradox which includes increased renin-angiotensin system (RAAS) activity with resultant hemodynamic support needing
less vasopressor support; increased adipose tissue and lipoprotein levels which can bind lipopolysaccharide or other bacterial products
during sepsis and inactivate them; also adipose tissue can serve as a beneficial source of energy during the catabolic state of sepsis, and
has some protective immune functions. Obesity paradox was overall observed in overweight and obese patient and no effect was associ-

ated with severely obese patients with BMI more than 40 [10].

Hereby, we review the common difficulties faced during ICU diagnostics and management in the cohort of severe obese patients. With

adequate understanding of the complications, we believe a better outcome can be expected when these patients are admitted to ICU.

Obesity hypoventilation syndrome
Epidemiology

It is well known that there is a direct correlation of obesity with OHS. The majority of OHS patients have OSA. Super obese patient con-
stitutes approximately 6% of the general US population [11]. The estimated prevalence of OHS in U.S. is roughly at 0.6% (1 in 160 adults
in the US population) [12]. In a recent small study in Northern Greece evaluating the prevalence of OHS and its clinical features amongst
patients with reported sleep-disordered breathing patterns, it was discovered that 38 out of the 276 patients (13.8%) had OHS. Within
the study population, the OHS subjects were noted to be more obese and somnolent, and were older [13,14].In another large prospective
study done evaluating the prevalence of OHS among men and women with obstructive sleep apnea was 4.5% and 15.6%, respectively, and
highest in post-menopausal women [15]. Thirty percent of hospitalized obese patients suffer from OHS, and according to Marick and col-
leagues, the majority of these patients have been under-diagnosed and perhaps not treated adequately prior to being hospitalized. OHS is
accountable for increased morbidity causing a constellation of different systemic disorders attributed to obesity itself. OHS is associated
with hypercapnic respiratory failure, left ventricular dysfunction, pulmonary hypertension, chronic renal and liver disease, et cetera [16].
The term malignant obesity hypoventilation has been coined by Marik and colleagues when patients with class III obesity present with

severe OHS and multiple associated systemic diseases.

Clinical presentation and diagnosis

OHS is historically referred to as Pickwickian syndrome [17]. It is defined as a combination of obesity (BMI > 30 kg/m?) and sleep-
disordered breathing, mainly from OSA, contributing to chronic awake PaCO,> 45 mmHg in the absence of any other cause of hypoventi-
lation, including other pulmonary pathology, neuromuscular weakness, or chest wall disorders. Malignant OHS (MOHS) is a syndrome of
OHS associated with systemic hypertension, diabetes, left ventricular hypertrophy with diastolic dysfunction, pulmonary hypertension
and hepatic dysfunction [18]. A common, but under-recognized presentation of OHS is acute on chronic hypoxemic hypercapnic respira-
tory failure, often severe, and at times, can be a life-threatening condition necessitating intensive care admission [1,19]. Many patients
who have undiagnosed OHS are usually diagnosed incorrectly with obstructive lung diseases including COPD or asthma. OHS remains the
diagnosis of exclusion. Forced expiratory volume in one second (FEV1) can be mildly lower in patients with severe obesity, though the
FEV1/FVC ratio is normal. Maximum expiratory flow 25 - 75% can be significantly reduced, particularly in male subjects with class III
obesity showing small or distal airway obstruction. Expiratory reserve volume (ERV) is markedly reduced with preserved residual vol-
ume (RV). The diffusing capacity for carbon monoxide is usually normal or may show a minor increase due to an increase in pulmonary
blood volume [20].

Pathogenesis

Obese patients without elevated awake PaCO,, but with raised base excess, have an altered ventilation and oxygenation response espe-
cially at night suggesting that several pathophysiological mechanisms have arisen prior to manifestation of OHS with daytime hypercarbia

development [2,17].
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The diurnal hypercapnia and hypoxia induce pathologic effects that further worsen sleep-related breathing resulting in a slowly pro-
gressive worsening of disease. Additionally, resistance to leptin in obesity and OHS likely contributes to blunting of ventilatory drive and
inadequate chemoreceptor response to hypercarbia and hypoxemia [17]. [t was observed that hypercapnea and hypoxemic drive in OHS
patients was respectively one-third and one-sixth that of non-obese patients. Obesity itself causes decrease in the chest wall compliance
as a consequence of the restriction by adipose tissue imposed on the expansion of the ribcage and diaphragm. There is a subsequent
increase in pulmonary blood volume and at the same time alveolar collapse from small airway obstruction predominantly at the bases.
As a result of these anomalies the work of breathing and the ventilatory effort increases. Thus, in patients with BMI > 40 kg/m? oxygen

consumption (VO,) at rest can reach up to 16% of total VO,, though it infrequently surpasses 3% in non-obese patients [20].

Complications

Obesity causes major respiratory complications which increases morbidity and mortality [21]. Manthous.,, et al. identified some pre-
ventable therapeutic errors in OHS patients at the time of hospitalization for pulmonary or cardiovascular decompensation. Some of the
therapeutic errors include exacerbation of metabolic alkalosis by use of diuretics resulting in worsening of daytime hypoventilation and
further hypoxemia, acute hypercarbia secondary to unnecessary supplemental oxygen administration; premature pharmacologic treat-
ment of psychosis leading to exacerbation of sleep-disordered breathing and worsening hypercapnia and quite frequently inaccurately

diagnosis of patients as obstructive pulmonary disease with resultant unwarranted and possibly toxic exposure to medications [22].

Here, by we discuss the various challenges of super obese patients being admitted to ICU.

Noninvasive Positive Pressure Ventilation (NIPPV) in Super Obese Patients

Super obesity is a major cause of acute and chronic respiratory failure, and non- invasive ventilation (NIV) is usually implicated to
avoid intubation and the numerous complications occurring during the course of prolonged invasive mechanical ventilation. Till present
date, the following are the indications for NIV: cardiogenic pulmonary edema, exacerbation of chronic obstructive pulmonary disease
(COPD), pulmonary infiltrates in immunocompromised patients, and weaning of previously intubated stable patients with chronic ob-
structive pulmonary disease [23]. Lemyze.,, et al. evaluated the predictors of NIV success or failure in super obese patients admitted with
acute respiratory failure (ARF). They found that severe pneumonia and multiple organ failure often caused early NIV failure in hypoxemic
ARF, however, super obese patients with idiopathic hypercapnic ARF did well on NIV, concluding the role of NIV in acute hypercapnic ARF
secondary to OHS [24]. Similarly, Ortega., et al. found better response to NIV in OHS and COPD as compared to congestive heart failure
in patients with acute hypercapneic hypoxemic ARF [25]. The adjunctive role of respiratory stimulant like progesterone for reduction in
the PaCO, in super obese patients is also significant [21]. Further studies are needed to strengthen the role of NIV in acute hypercapnic

respiratory failure.

Post-Extubation Non-invasive Positive Pressure Ventilation (NIPPV) in Super Obese Patients

Post extubation use of NIPPV in super obese patients has been found to reduce post-extubation respiratory failure, incidence of extu-
bation failure, duration of intensive care unit (ICU) stay and ICU mortality [26,27]. El-Solh and colleagues matched 62 consecutive critical
care patients with severe obesity (BMI 2 35 kg/m?) with historical controls that received conventional therapy and found the NIPPV group
had fewer incidents of respiratory failure, ICU days, and total hospital duration [28]. Even in respect to an elective surgery, specifically
bariatric surgery it has been demonstrated a benefit of NIPPV in preventing extubation failure in super obese patients [29]. Frat and
colleagues (ARCO study group) determined that the ICU course in obese invasively ventilated patients was complicated by stridor and
difficult intubations when compared to matched non-obese patients [30]. This may offer one rationale for the benefits of planned NIPPV

post-extubation in obese patients to overcome an upper airway obstruction and future RCT are required to solidify the evidence.
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Best PEEP for super obese patients

Once super obese patients with OHS requires ventilatory support, high positive end-expiratory pressure (PEEP) is needed to improve
lung elastic properties and lung volumes, however, the method to apply the proper PEEP is not clear. Driving pressure (AP) is the ratio of
tidal volume (VT) to (static) respiratory system compliance (CRS); i.e. AP = VT /CRS which can be calculated at bedside as plateau pressure

- PEEP. The lowest delta pressure needed to recruit the alveoli is optimal which has also shown to have a mortality benefit [31].

De-recruitment is a high possibility if increasing PEEP continues to cause high plateau pressures. Pirrone., et al. noted that alveoli re-
cruitment and better oxygenation is achieved by recruitment maneuvers followed by methods of PEEP titration using either incremental
PEEP titration by esophageal pressure which correlates well with pleural pressure to aim for positive transpulmonary pressure or by
using decremental PEEP using lowest delta pressure or driving pressure. It was also found that baseline PEEP used before this approach
was lower and insufficient to increase lung volumes in super obese patients [32]. Positioning of the super obese patients is as important
as giving best PEEP to recruit alveoli. Supine patients tends to develop greater auto PEEP by the mechanism of increased diaphragmatic
load causing reduction in expiratory flow, compliance, static and dynamic lung volumes, most importantly functional residual capacity
(FRC) leading to increase in intrinsic PEEP [33]. So, it is crucial to do sitting position with PEEP in super obese patients to prevent expira-
tory flow limitation and auto PEEP [34].

Aspiration risk

Risk of aspiration in the critically ill patients is secondary to sedation which slows down gastric motility and causes cardiovascular
collapse further leading to intestinal ischemia. This effect is exaggerated in super obese patients as at times more sedation is needed
together with the increase intraabdominal pressures causing high volume of gastric contents which increases risk of aspiration [35]. Dif-
ficulty in procedures especially intubation with suboptimal sedation increases risk of aspiration [36]. Grant and colleagues stated that 2
experienced physicians for intubation must be present during securing the airway along with the use of highly curved laryngoscope [37].

Conventional aspiration precautions should be implied.

Early Tracheostomy

Early tracheostomy (ET) which is defined as equal or less than 10 days after tracheal intubation in normal weight patients in ICU de-
creases the duration of sedation, however, has no effect on mortality, incidence of ventilator associated pneumonia, duration of mechani-

cal ventilation and length of ICU stay [38].

Super obese patients often have high peak airway pressures due to high resistance in airways due to low compliance of the chest wall
which leads to prolongation of mechanical ventilation. It is well known that percutaneous dilatational tracheotomy (PDT) is considered
to be a safe procedure in super obese patients in ICU [39]. Less known is the proper timing of PDT in super obese patients in ICU. Kaese.,
et al. showed by the retrospective analysis of 23 super obese patients in a single center trial that early PDT on day 2 - 4 of the ventilator in
obese and severe respiratory failure patients had better gas exchange by decreasing the dead space and airway resistance together with
avoiding side effects of sedation [40]. Future trials are needed to evaluate the benefit of ET over late tracheostomy, which is more than 10

days of tracheal intubation.

Complications of tracheotomy

Morbidly obese patients (BMI > 40 kg/m?) are at greater risk for complications after surgical procedures including tracheotomies than
non-obese patients because of their difficult neck anatomy and decrease respiratory reserve. These complications included aborting the
procedure, accidental extubations and para-tracheal insertion. Solh., et al. also found complications including extra tracheal tube place-

ment and accidental decannulation in cohort of patients in ICU which is life threatening in the background of minimal respiratory reserve
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[35]. Marshal and colleagues found similar complication rates as compared to non-obese patients, however, super obese patients with

BMI > 60 were more likely to be dependent on a tracheotomy or ventilator at the time of discharge [41].

Hemodynamic complications

Hemodynamic monitoring is challenging with super obese critically ill patients in the ICU [42]. However, Lagrand., et al. stated that
hemodynamic monitoring and goals are not so different in non-obese versus obese patients as the interpretation is the same in respect
of body surface area [43]. There is an increase in total blood volume and left ventricular dilation with increased stroke volume (SV) and
consequently cardiac output with associated decreased left ventricular systolic function. Increased oxygen delivery is provided by the
increased cardiac output meeting the metabolic demands of additional adiposity [44]. In super obese patients the non-invasive blood
pressure (NIBP) measurement underestimates systolic blood pressure which can affect therapeutic decisions adversely and may nega-
tively impact outcomes [42]. Invasive arterial blood pressure (IABP) measurement should be used in the ICU for proper hemodynamic
monitoring; although because of the obscured anatomic landmarks as well as likely peripheral edema cannulation in obese patients may
also be difficult [43]. Obesity tends to obscure readings of electrocardiogram including conduction times, electrical axes and the waves
voltages especially low QRS-complex voltages. Class I1I obesity itself is an identified arrhythmogenic factor associated with supraventricu-

lar, ventricular arrhythmias and even sudden cardiac death.

TTE is often severely restricted because of poor acoustic windows. Transesophageal echocardiography (TEE) though can provide more
information and is quite useful in critically ill patients with unexplained hemodynamic instability to rule out important and reversible

pathologies [42].

Another means of continuous but invasive method of hemodynamic monitoring is esophageal doppler technique which measures
blood flow velocity in the descending aorta and can approximate SV variations and may guide fluid balance in critically ill patients. It is
however very sensitive to probe movement thus is limited to patients who are paralyzed or heavily sedated in ICU [42]. Transthoracic
bio-impedance cardiography is another entity based on change in the voltages predicting SV after a constant, low-amplitude (0.5 - 4.0
mA), high-frequency (50 - 100 kHz), and alternating electrical current to the thorax. Its use is still limited in super obese patients despite
aggressive work on the mechanics. Endotracheal CO monitoring is another popular method to determine hemodynamics based on bio-

impedance cardiography but future studies are required to validate as a routine use [42].

Difficult central lines/catheters and their complications

To date, there has been no specific studies looking at complication rates of vascular access in the morbidly obese [35].Due to the large
neck and increase adipose tissue in the surrounding area may cause an increased challenge placing central lines in the neck or chest.
There have been studies done with morbid obese patients in the intensive care units and complications rates were studied with some
data including invasive procedures [45]. Subclavian and internal jugular venous cannulation are difficult and sometimes infeasible in
super obese patients because of the short broad neck and increased distance from skin to blood vessel, thus increasing risk of insertion
complications, which include multiple local skin punctures, thus increased risk of infection and thrombosis, as well as mal-positioned
catheters, pneumothorax, or accidental arterial puncture with difficulty in compression [42]. While the trendelenburg position prevents
air embolism and enlarges caliber of veins due to increased central venous volume it can lead to acute deterioration of cardiopulmonary
status of an super obese patient secondary to elevated diaphragm causing increased intra-thoracic pressure, diminished lung volumes,
hence pulmonary reserve [45]. There is an obvious delay in catheter changes further augmenting the infection risk [42]. Femoral vein ac-
cess may, apart from being less ideal, may be impossible because of severe intertriginous dermatitis. Consequently, peripheral insertion
of central lines may be resorted to for routine blood draws, medication administration, and to ensure reliable vascular access, instead of
peripheral vascular access and routine venipuncture [44]. Two-dimensional ultrasonography has improved localization, facilitates faster

and more successful cannulation of vessels, and is the standard of care during central line placement regardless of BMI [46]. If after many
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failed attempts of intravenous access, especially in life-threatening, urgent conditions, intra-osseous access may be an alternative [42].

More studies are needed in the morbidly obese population regarding venous access, specific to central venous catheters.

Infections

It is well known that in super obese patients, low FRC increases the risk of expiratory flow limitation and airway closure with marked
reductions in expiratory reserve volume may lead to ventilation perfusion mismatch due to varied distribution of ventilation [47]. This
mechanism increases the risk of atelectasis or lung infections leading to the longer ICU stay. It is also noted that increased obesity is as-
sociated with increased risk for acute respiratory distress syndrome (ARDS). The proposed mechanism is due to varied tidal volumes
which causes ventilator induced lung injury (VILI). In the study, tidal volume in obese patients were low (5 - 6 ml/kg) based on actual
body weight, but high (10 - 11 ml/kg) based on predicted body weight, which might have caused VILI by high tidal volumes [48]. Super
obese patients have higher rate of candida colonization, [CU-acquired catheter and blood stream infections. The cause is unclear, however,
could be secondary to difficulty in obtaining venous access and not changing the lines frequently due to initial difficulty in placement
[49]. There are future studies required to determine the independent association of super obesity with infections by removing various

confounders affecting the final outcome.

Renal failure

Obesity is an independent risk factor for both chronic kidney disease (CKD) and end stage renal disease (ESRD). Hsu,, et al. noted that
higher body mass index (BMI) was a strong independent risk factor for ESRD even after adjustment for other major risk factors that are as-
sociated with ESRD including HTN and DM [48]. Othman,, et al. found that the annual rate of reduction of glomerular filtration rate (GFR)

tended to be greater in obese patients than non-obese patients [49].

There are several mechanisms that may link obesity to renal failure including cytokines, lipotoxicity and or hemodynamic factors
[51]. Weisinger,, et al. showed an association between morbid obese patients and nephrotic range proteinuria with decreased protein-
uria associated with decreased BMI [50]. In addition, Serra,, et al. found that morbid obese patients who were going for bariatric surgery
had renal biopsies showing glomerular lesions. These lesions included focal segmental glomerulosclerosis (FSGS), increased mesangial
matrix, podocyte hypertrophy, glomerulomegaly and mesangial cell proliferation. It was concluded as BMI, an independent risk factor for
glomerular lesions [51]. Increased intraabdominal pressures from visceral fat causing renal vein compression leading to reduced renal
perfusion causes decrease in GFR in super obese patients [52]. Arfvidsson., et al. further supported the hypothesis as ileo-femoral venous
pressures were found to be elevated in super obese patients that positively correlated with increased intraabdominal pressures [53].

Future studies should be looking for early versus late renal replacement therapy on this particular group.

Nutrition

The enteral nutritional in ICU decreases inflammation, infections, length of stay, multi-organ failure, and eventually mortality. A meta-
analysis confirmed that early enteral nutrition with 48 hours of ICU admission reduced mortality and nosocomial infections [54]. Taylor
and colleagues has drawn attention to the relative state of malnutrition that exists in obese patients [58]. The American Society for Par-
enteral and Enteral Nutrition (ASPEN) 2016 guidelines, an update of the 2011, had specifically made recommendations for nutrition of
obese patients in ICU. It is also believed that super obese patients have an extra nutritional reserve [55]. This false conclusion is bolstered
by the obesity paradox shown in an observation study where patients with a BMI between 30 and 40 kg/m? admitted to a surgical ICU had
lower 60 day and in-hospital mortality [56]. Alternatively, obese patients typically suffer from various metabolic derangements includ-
ing insulin resistance, lipid metabolism, and erosion of lean body mass at higher rates than the general population that may contribute
to overall worse nutritional status [59]. Furthermore, adipose tissue does not merely represent an energy reserve, but is a metabolically

active tissue [57].
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Caloric requirements

For non-obese patients the accepted caloric requirement for ICU patients (in the absence of indirect calorimetry) is 25 - 30 kcal/kg/
day [58]. A 2012 meta-analysis showed that measuring resting energy expenditure (REE) by indirect calorimetry in patients with morbid
obesity (BMI = 40 kg/m?) is useful and the most common REE is 2000 - 3000 kcal/day and even higher in critical care setting. The author’s
intention was to establish at least the minimum energy requirement to prevent underfeeding [61]. As indirect calorimetric measurements
may be difficult, time consuming, and/or infeasible depending on the setting, a predictive equation for energy requirement is often em-
ployed by hospital personnel. Frankenfield and colleagues used indirect calorimetry to compare the accuracy of accepted equations in
morbidly obese (BMI = 45 kg/m?) critically ill mechanically ventilated patients and found the (unmodified) Penn State equation was the
most accurate estimate of REE, falling within 10% of the calculated value 76% of the time [58]. For obese patients more than 60 years old

the modified Penn State equation is preferred.

Protein requirements

Protein requirements in non-severely obese patients are 1.2 - 2.0 g/kg/day and have been shown to decrease 28-day mortality when
met appropriately. For severely obese (BMI = 40 kg/m?) hospitalized patients a hypocaloric high protein diet which is 50 - 70% of caloric
need or < 14 kcal/kg/day and = 1.2g/kg of actual weight or 2.0 - 2.5 g/kg of ideal body weight of protein is non-inferior to a eucaloric
diet, though some positive outcomes have been observed particularly in patients non-insulin dependent diabetes and trauma patients
[59]. Routine measurement of nitrogen balance may not be necessary when administering 2.0 g/kg of ideal body weight in severely obese
patients but may be performed if there is concern of protein malnutrition. The ASPEN 2016 guidelines recommended a protein goal of
2.0 - 2.5 g/kg of ideal body weight for patients with BMI = 40 kg/m?2. If this hypocaloric high protein strategy is employed in conjunction
with the Penn State estimation (modified if BMI = 30 kg/m? and = 60 years old) for REE, then a clinician could use a target of 70% of calcu-
lated resting energy expenditure (REE) to accurately provide adequate caloric support to the vast majority of obese patients. This would
provide appropriate levels of caloric supplementation for patients with actual REEs up to 40% more than the Penn State Equation would

predict, but only risk over feeding in patients in which the actual REE was 30% lower than the calculated REE [59].

Difficulties in imaging

Obtaining imaging on obese patient can be a challenge to many radiologists and technicians. Compared to a normal sized individual
there are many limitations and adjustments that need to be taken into consideration when considering radiography for the obese pa-
tient. There are numerous medical conditions that obese patients can suffer from, and as a result, physicians rely on diagnostic imaging
to facilitate the appropriate care. Unfortunately, there are various imaging modalities that are negatively affected and limited by obesity
[59]. Radiography is one of the most cost effective means to obtain imaging and usually is the initial method used. However, the obese
patient usually has degraded quality. First, given the extensive body habitus of these patients, a single cassette may not be sufficient to
fit the boundaries of the field of interest. Thus, multiple cassettes must be considered by the technician to image an obese patient [60].
Another reason for poor radiographic films is that x-ray beam must penetrate multiple thick layers of adipose tissue and because of the
vast thickness, there is increased photon scatter, ultimately resulting in substantially reduced contrast resolution [61]. However, in order
to address this issue with obese patients, tight collimation may be instituted, which is a technique used to reduce scatter. Here, a tight
beam directed to the region of interest, reducing scatter, resulting in enhanced image quality, a concept known as proper collimation [62].
However, even after this, if there is poor quality in radiography, it leads to additional advanced and expensive imaging modalities to ob-
tain better anatomic visualization. Computed tomography (CT) and magnetic resonance imaging (MRI) has been shown to best visualize
intrathoracic and intraabdominal anatomy relative to other imaging techniques with respect to obese patients. However, fluoroscopy, CT
and MRI are limited to whether the obese patient can fit on the imaging equipment, given each of these imaging studies has strict weight
and diameter restrictions [65]. Unfortunately, many hospitals lack oversized equipment to accommodate obese patients. Of all imaging
modalities, it is ultrasonography (USD) that that has been most limited by obesity, particularly abdominal USD [64,65]. The benefit of USD
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compared to CT, MR, and fluoroscopy is that it does not have any limitations on the diameter or weight, however it is the fat attenuation
that limits the quality of the image. Thus, it is imperative that ultrasonographers expose an area to where the anatomic target is closest
to the body surface in order to reduce sound wave attenuation. Padberg,, et al. demonstrated approximately two-thirds of obese patients
that clinically presented with signs and symptoms suggestive of chronic venous insufficiency did not exhibit anatomic evidence of venous
disease via duplex ultrasound [63]. Unfortunately, a diagnosis on the obese patient is delayed if a high-quality image is unable to be ob-
tained. Given limitations in obtaining quality images on obese patients leads to additional radiologic examinations, resulting in increased
radiation exposure and health care costs. Yanch,, et al. described relative effective radiation doses increases exponentially as thickness of
excess fat increases [64]. To date, there has been no imaging study particular targeting patients with obesity hypoventilation syndrome or

large scale randomized studies regarding the impact particular imaging modalities can have on these patients.

Cardiac ventricular dyssynchrony

Cardiac dyssynchrony is a phenomenon that involves the lack of coordination between contractions of ventricles, resulting in reduced
cardiac efficiency. Dyssynchrony is classified as either electrical or mechanical. Electrical dyssynchrony involves compromised electrical
conduction and electrical propagation through the myocardial Purkinje network. This results in an abnormal ventricular depolarization,
evidenced by a prolonged QRS complex, resulting in early and delayed ventricular contraction, impairing systolic function [65]. Mechani-
cal dyssynchrony is further sub-divided into one of three types: atrio-, inter-, or intra-ventricular processes. Atrioventricular dyssyn-
chrony is the improper coordination between the atria regarding left ventricular filling, defined by a left ventricular diastolic filling time
less than 40% of the cardiac cycle. Interventricular dyssynchrony involves a delayed coordination between the contraction of the left and
right ventricle. Normally, the left ventricle contracts approximately 10 - 20 milliseconds (ms) after the right ventricle, however if inter-
ventricular dyssynchrony is present the difference is more than 40 ms. Finally, intraventricular dyssynchrony involves discordance within
the segments of the left ventricle, particularly a late contraction of the lateral regions of the left ventricle compared to the interventricular
septum [66,67]. Dyssynchrony is best accessed via a different Doppler and two-dimensional echocardiography measurements, which has

been validated on multiple occasions [68,72].

Both obesity and ventricular dyssynchrony have been determined to be independent risk factors for cardiac mortality in patients with
heart failure [69]. Obesity leads to hormonal and inflammatory pathways that result in the pathophysiologic accumulation of triglycerides
within the myocyte, leading to reactive oxygen species that initiate fibrosis, increased hemodynamic load, hypertrophy, and apoptosis
[70]. This mechanism is referred to as cardiac steatosis, which propagates an inflammatory environment due to amassing epicardial fat,
thus eventually leading to ventricular remodeling and dysfunction [71]. This process can lead to mechanical dyssynchrony, ultimately
indicating worsening of heart-failure. Marfella., et al. were one of the first groups to demonstrate an association between interventricu-
lar dyssynchrony to that of body fat and secretion of proinflammatory cytokines in obese, premenopausal women. The amount of body
fat was directly proportional to the concentration of cytokines, which was in turn directly proportional to the degree of interventricular
dyssynchrony. Moreover, after these women lost 10% of their body weight, there was a reduction in the concentration of inflammatory
markers and significant improvement in ventricular dyssynchrony, as evidenced by two-dimensional and Doppler echocardiography. This
may suggest that cytokines may be responsible for interventricular dyssynchrony in obese females [72]. There is also evidence to suggest
that the greater amount of epicardial fat and BMI, the greater the intraventricular asynchrony [73]. However, a limitation of this study had
predominantly overweight rather than obese patients, but should initiate interest to investigate how intraventricular dyssynchrony may
be a pathophysiological process in the progression of heart failure in a predominantly obese population or those with OHS. There have
been many studies exhibiting systolic and diastolic dysfunction in patients with metabolic syndrome, which are independent factors for
left ventricular hypertrophy [74]. However, in a study with 190 participants, it was found that obese patients, irrespective of the presence
or absence of metabolic syndrome, had higher rates of dyssynchrony compared to non-obese patients [75]. The results of this finding

contradict the idea that there can be metabolically healthy obese patients.
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Conclusion

With the increased understanding of the pathogenesis of OHS, effective evidence-based therapies are now being adopted to reduce
morbidity and mortality of super obese patients in ICU [22]. The optimal management of OHS continues to be ambiguous, though many
have been successful. The common aim of treatment in patients with OHS is improvement in alveolar ventilation and oxygenation by using
best PEEP with either incremental PEEP titration by esophageal pressure or decremental PEEP using delta pressure. Also important is
maintaining a patent upper airway, which is optimally accomplished through timely noninvasive ventilation (NIV) or invasive mechani-
cal ventilation and patient positioning. Early tracheostomy may be considered with the risk of dependence. Hemodynamic monitoring is
difficult. Invasive and non-invasive methods are available, although future research should be focused on the latter. Difficulty in imaging
and venous catheters is known in super obese patients. Proper positioning, complications from positioning and alternatives to venous ac-
cess should be known. Obesity paradox has been described, although infection risk is high along with the higher aspiration risk compare
to non-super obese patients. Conventional aspiration precautions should be implied. Risk of renal failure is higher due to mechanical
compression effect further decreasing GFR and future studies should be looking for early RRT on this particular group. Nutrition in ICU
is important and especially in super obese population who are often underfed. Minimal caloric requirements should be met with higher
protein diet.
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