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One in 4 South Korean male children aged 5to 17 are obese, a rate that is higher than 2012 2013 2014 2015 2016|2017 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040
the OECD average, according to the nation’s Health Ministry. L,
According to the ministry, 25 percent of young male Koreans are obese, while the ; 1= - - i
OECD average is only 23 percent. The ministry announced the statistics using OECD Observed period Predicted period
data from no earlier than 2010.
“Some 60 percent of obese children end up becoming obese as adults as well," Year
said the Health Ministry in a statement. “Preventing childhood obesity is important ; .
a5 South Korea’s adulrtyn:lale obesity rate, too, hasgbeen or?%?e rise."w P W Underweight ® Normal ® Pre-obese ™ (Qbeseclass! ®Obeseclass!l ™ Obese class Ill
According to the OECD data, Greece has the highest rate of
childhood obesity, followed by Italy and New Zealand. 100%
In Greece, 44 percent of the children are obese, Percentage in Obesity Z
while 38 percent of Italian children are suffering classification
from the condition. 90%
Meanwhile, South Korea's adult obesity rate is
the fifth lowest among 40 nations researched 80%
by the OECD.
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http://www.koreaherald.com/view.php?ud=20141012000167 BMJ Open 2020;10:e037629.



Immune Dysfunction

‘Impaired function of T lymphocyte and subpopulations
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Cardiometabolic disease
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Hypertension

| Diabetes |
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Inflammation

- T Leptin, TNF-q, and IL-6
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~~~ -3 Hypercoagulability

-Adipocytokines and coagulation factors hyperactivity

-4 Fibrinolysis
- T Inflammation, oxidative stress, and endothelial dysfunction

Mayo Clin Proc. 2020;95(7):1445-1453

Pulmonary Function
-LERV, FC, and RSC

-4 Diaphragmatic excursion and pulmonary function
‘Impaired ventilation

-1 Oxygen-saturated blood levels

Heart Disease
‘HFpEF

-Cardiomyopathy
‘Increased risk for AF

Kidney Disease

‘Podocyte hypertrophy and dysfunction

-l Podocyte density and number

-Glomerular hypertrophy and capillary hypertension
.Glomerulomegaly

-Glomerulosclerosis, proteinuria, and ESRD

! EGFR and ERPF; TFF
Endothelities

-Apoptosis-related endothelial dysfunction

‘Imbalance in vasodilatory and vasoconstricting agents
-Prothrombotic and proatherogenic state

-Platelet hyperactivation, enhanced leukocyte adhesion
-‘Vasoconstriction, pro-oxidation,and vascular inflammation

‘Impaired hemostasis, atherosclerosis, and thrombosis



Obesity-related complications

Chronic complications Acute management issues

Raised intracranial pressure ——— Transport and positioning
Cerebrovascular disease FF”I"_,‘J
Obstructive sleep apnoea -

Ischaemic heart disease
Chest wall restriction
Obesity hypoventilation

Atelectasis
Mon=alcoholic steatosis

Procedural difficulties:
Vascular access
Tracheal intubation
Meural blockade
Surgery

-
Cholelithiasis Monitoring problems
Pancreatitis
Glomerulosclerosis Difficult airway maintenance
Infertility : _
Venous stasis, phlebitis Impaired ventilation
Hypertension _
Type 2 diabetes Disordered gas exchange
Hyperlipidemia Altered pharmacokinetics
Various cancers
Anxiety, depression Haemodynamic instability
Osteoarthritis
Gout Aspiration risk

Thorax 2008;63:925-931



Pulmonary physiology in Obese patients

* Lung volumes and mechanics
 Poor lung functions

* V/S mismatch
« Dependent area

 Respiratory muscles
« Easy to fatigue

 Central ventilatory drive
« Aggravated hypoventilation during sleep in OHS

Respirology (2012) 17, 759171



Altered
physiology

Lancet Respir Med 2016; 4: 407-18

Obesity

Fat tissue surrou nding upper airway

Obesity hypoventilation syndrome

Upper airway collapse

Upper airway narrowing
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TLC
Reduced lung
volume, muscle
weakness
FRC|—p
Impeded diaphragm <+

motion, atelectasis
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TLC

FRC

Respiratory <:> Work of
drive breathing

Low respiratory drive

Adipose tissue in the abdomen
and surrounding chest walls

Ventilation-perfusion mismatching
Low Pa0,

REM sleep
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Driving, Transpulmonary and Transthoracic
Pressures

Atmospheric
pressure

1. Transpulmonary pressure =
Alveolar pressure — Pleural pressure

Alveolar
pressure

~
=

Plateau
pressure

2. Transthoracic pressure = 2
Pleural pressure — Atmospheric pressure

3. Transthoraco—pulmonary pressure =
Alveolar pressure — Atmospheric pressure

ABDOMINAL
Pleural pressure = PRESSURE
Esophageal (OBESITY)
pressure
T . Transpulmonary driving pressure= |
i Drivingpressure=_ ! (pjgieay pressure — PEEP) — (Insp esoph pressure — Exp esoph pressure) =
: Plateau pressure — PEEP ;

___________________________________________ ' Driving pressure — Transthoracic driving pressure

Critical Care (2019) 23:74



Principles

Acute respiratory failure in obese patients

(admitted to intensive care unit)

v

Invasive ventilation

!

PEEP, low tidal volume,
recruitment manoeuvres

ICU admission
Altered evaluation of severity

Initial status

Chronic pro-inflammatory status
Impaired immune response
Underlying illnesses

NIV

Nursing

Mobilisation
Physiotherapy
Intra-hospital transport

.

PEEP, low tidal volume, high
back-up rate

Diagnostic procedures
Delayed

Inaccurate

Impossible

v

access, medications

Effect of obesity on infectious diseases, venous

Lancet Respir Med 2016; 4: 407-18

Drugs and procedures
Underfeeding
Oversedation
Difficulties in:

» Mechnical ventilation
« Tube placement

- Ventilator weaning

Adverse events

General

Increased susceptibility to
infection

Pressure ulcers

Delayed healing
Complications due to
immobilisation
Medication errors

Lung
Pneumothoraces
Atelectases

Weaning failure
Ventilator-associated
pneumonia

Tubes

Catheter misplacement
Barotrauma
Catheter-related infections

Increased length of stay
Increased resources used
Increased medical costs




‘ Acute Hypercapnic Respiratory Failure in Obesity

¥

I Identify the underlying cause and start the proper medical therapy

| Assess for contraindications of NIV

v

I Contraindications as table 2

v

Endotracheal intubation and
mechanical ventilation

Respirology (2012) 17, 759171

Table 2 Contraindications for non-invasive ventilation

Condition

- Altered mental status

» Orofacial deformities

« Haemodynamic instability

» Uncooperative patient

» Refractory hypoxaemia

« Upper gastrointestinal bleeding
« Inability to clear secretions

» Large acute myocardial infarction
« Uncontrolled arrhythmias

- Claustrophobia

« Severe abdominal distension

» Acute stroke




Why NIV?

Table 3 Potential respiratory complications in morbidly
obese patients in the intensive care unit

Respiratory problem

Sleep-disordered breathing®

Frequent respiratory failure'’

Intubation/weaning difficulties and complications*’®
Increased risk of pneumonia”’

Increased risk of acute lung injury/ARDS*®

Higher rate of mechanical ventilation’¢1%

Prolonged duration of mechanical ventilation'%'°

Respirology (2012) 17, 759171



Start BPAP

Y k 2
EPAP IPAP
» Start with 4-6 cmH-0 » Start with 8-10 cmH-0
» Titrate pressure up by 1-2 » Titrate pressure up by 1-2
cmH,0 to eliminate: cmH;0 until:
= Snoring = Steady 5a0, >90%
* Witnessed apnoeas * To achieve good alveolar
= Paradoxical breathing ventilation, IPAP is usually kept
= Dips in S5a0, 4-8 cmH,0 above EPAP
| ]
y
Monitor the following
Vital signs, level of consciousness, respiratory pattern, Sa0,, tidal
volume, ABG

v

Add O,, if the patient continues to desaturate (<90%) despite
delivering high positive airway pressure

v

Use NIV during night and 6-8 h during daytime until daytime
blood gases and pH are acceptable (pH>7.35). Then use at night.

v

Consider intubation if the patient could not tolerate NIV or
deterioration of clinical condition

Respirology (2012) 17, 759-71



Alrway management

e Difficult intubation
» Adequate pre-oxygenation

 Position!
« Ramped position
 Reverse Trendelenburg
position
e Ear-to-sternal notch in the
horizontal line




Ventilator management: general

* Positioning

« PEEP settings

* Tidal volume

» Sedatives, Relaxants
* Tracheostomy

» Weaning

A

Obese

Sex: female
Age: 53 years
Height: 155 cm
Weight: 125 kg
BMI=52 kg/m?

€

Non-obese
Sex: female
Age: 65years
Height: 164 cm
Weight: 57 kg
BMI=21 kg/m?

CT lungvolume=3138 mL

(T lung volume=3196 mL

Respirology (2012) 17, 759-71; Lancet Respir Med 2016; 4: 407-18



Ventilator management: details

* No difference between Pressure and Volume Modes
 Low tidal volume (6 mL/kg based on ideal body weight)

* High positive end-expiratory pressure (PEEP)

e PEEP values commonly used by clinicians (11.6 £ 2.9 cmH20) was
inadequate for morbidly obese ICU patients.

« Mean PEEP value of 18 cmH20 was required to optimize end-
expiratory lung volume

« Recruitment maneuvers, end-expiratory pressure titration

* Individualized PEEP titration using electrical impedance
tomography

Critical Care (2019) 23:74



RESEARCH Open Access

A lung rescue team improves survival in h@
obesity with acute respiratory distress o
syndrome

Gaetano Florio', Matteo Ferrari', Edward A. Bittner', Roberta De Santis Santiago', Massimiliano Pirrone’,
Jacopo Fumagalli', Maddalena Teggia Droghi', Cristina Mietto', Riccardo Pinciroli', Sheri Berg', Aranya Bagchi',
Kenneth Shelton’, Alexander Kuo', Yvonne Lai', Abraham Sonny', Peggy Lai®, Kathryn Hibbert?, Jean Kwo',
Richard M. Pino’, Jeanine Wiener-Kronish', Marcelo B. P. Amato®, Pankaj Arora®, Robert M. Kacmarek'~,
Lorenzo Berra' @ , For the investigators of the lung rescue team
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Standard protocol-based approach

- P_ measurement
- Lung recrutiment maneuver
- Decremental PEEP trial

- Best-PEEP titration

ARDSnet TABLE

Lower PEEP/higher Fi02
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Florio et al. Critical Care (2020) 24:4



Evidence based guidelines (ARDSnet protocol)

W14 — B mL'kg PBW and Pplat = 28 em H,O.

Drriving pressura = 15 em H,0.
PEEF and F"-*; accordingly to ARDSnel tables.
Avaid asynehrony.

+ fvoid autoPEEP and air rapping.

STANDARD
TREATMENT

Detericration of patient imespective of
adharanca Wb guidelines

ICU staff requests a LRT consultation if standard treatment
for acute respiratory failure in patients with:

» Obesity and prograssive ARF.

= Severs ARDS and refractory hypoxemia.

= WY or VA-ECMO requirng adjustment of ventilation strateqgy.

+ Savers obstructive disease and blood pH < 7_20 nol responding o
slandard mechanical ventilation setlings and pharmacological therapy.

1. Optimization of sedation, positioning and paralysis and
asophageal ballson placamant.

2. Recording of all machanical ventilation paramalans
before LET intervantions and measurement of
respiratory systam mechanics.

3. Hemodynamics moniorng with haart ultrasound andiar

pulmanary artery catheler if praseni.
4_ Esophageal manomelry recarding throughout the
procedure to estimale transpulmonary preassuras.
G, Lung recruitmant mansuwver.
6. Decremental PEEP trial.
7. Assessmant of best PEEP for the patient.

Recommendations according to LRET findings

INDIVIDUALIZED TREATMENT

i T 1

Adjusted machanical Unchanged Recommend to
vantilation settings mechanical ventilation start WVW-ECMO

Fig. 1. Lung rescus team (LRT) consullation protocol. Wy = tidal volume; PEW = predicted body weight; Pplat = plateau pressure; ARF = acute
respiratory failure; VWAWA-ECMO = venovenousfvenoartenial extracorponzal membranse ooigeration.



Table 2 Ventilation settings and hamodynamics—standard protocolbased cohort and lung rescue team cohort

Yariable Craup Day 1 Day 2 Day 3 Day 4
FEEF. crnH, O, mean {1 '95%) | Standard protocal-based cohart I 9 B-14 P =020 9 (810 P 0001 @ B-10) P 0001 Q{a-10 P e 0001
W 5 5-100 19 {18-20) 20 (18-21) 20 (18-21)

TWABW, mil/Rg |, man (O 95%) Standard protocab-based cohaort A (G256 P=1033 G0 §5.3-6.4) P=010 G (51 -58) P=0M G5 347 P=011
Lurg rescue team cobart 62 (59-65) 6.2 {5.59-6.5) 62 (559-65) G2 {5.9-66)

DOF. om0 mean (0 95%) Standard protocabbased cohort 13{121-141) P =05 13 {12148 P 0001 13 {119-152) P 0001 13 {118-151) P e 0001
Lung rescue team oobart 13{120-1473) 10 {87=10.4) 9 @8.2-99) 8{73-94

Cra™ milfemH, 0, mean (0 950 Standard protocab-based cohart 35 {31-38) P =041 33 {27-39) P 0001 36 @748 P =0003 33 (2740 P =000
Lurig rescue tean oo bt 33 {297-371) 45 {41 -4 48 41-58 52 (42-51)

P, /Fi3,, mmHg, mean {C195%) Standard protocabbased cohort 197 (177-217 P =008 234 203-245) P=0001 220{198-242) P =000 18 {194-242) P =000
Lung rescue team oobart 154 {127=179 282 {252-312) 284 {256-312] 276 (M43-305)

RIV Mo 8a) Standard protocobbased cohart 4970 {70 P=047 5170 (73) P=030 41770 {58) P =004 320 {58 P =01005
Lurig rescue teanm oot 3850478 312/50 4] 20050 0] 1550 {300

WIS, mean {C195%) Standard protocak-hased cohart 16{11-21) P=079 15 {10-200 P=014 14 E-20 P = 0004 15 (&) P =0.001
Lung rescue team cabart 15 {2=21] 2 15=12) 5 {2-8] 4418




= Standard-protocol-based cohort
=== Lung-rescue team cohort
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j._

Mortality (%)
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aAdjusted hazard ratio, 0.35
(95% CI, 0.16-0.74);, P=0.006

L
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— /70 22/70 7/48 0/41

Fig. 2 Kaplan-Meier survival of ARDS patients. Survival of patients in the standard protocol-based and lung rescue team cohorts. “Hazard ratio
and P value calculated after correction for common ICU confounders (APACHE, age, BMI, P,04/F,0; ratio)

Florio et al. Critical Care (2020) 24:4
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ECMO first, NO try prone positioning

« M/40, >100kg, need to rescue for refractory hypoxemia
- w-ECMO for TW, complete resolution without sequelae




VV-ECMO for Obese RF Patients

Table 4. QOulcomes

BMI <40 kg/m? BMI =40 kg/m? BMI =50 kg/m?
Variable n = 43) (n = 12) p Value n = 6) p Value®
Intensive care unit LOS (d) 15.5 (IQR: 6-37.5) 28 (IQR: 13.546.5) 0.35 33 (IQR: 25-45) 0.13
Hospital LOS (d) 28 (IQR: 7-55) 35 (IQR: 13.5-50) 0.77 42 (IQR: 31-45) 022
Weaned from ECMO 27 (63%) 9 (75%) .51 b (100%) 0.16
Bridge to recovery 26 (60%) 9 (75%) 0.50 6 (100%:) 0.08
Bridge to transplantation 1 (2%) 0 (0%) 1 0 (0%) 1
Complications
Major bleeding/thrombosis 13 (30%) 5(42%) 0.50 3 (50%) 038
HITT 2 (5%) 3 (25%) 0.06 1 (17 %) 033
CVA 3 (7%) 1 (8%) 1 0 (0%) 1
Hospital or 30-d mortality 18 (42%) 4 (33%) 0.74 0{0%) 0.07

* Compared with BMI < 40 kgfml.

Ann Thorac Surg 2015;100:1855-60



In obese patients

Percutaneous cannulation

ASAIO Journal 2021; 67:1294-1300



Complications between VA vs. VV

VA ECMO
80 80
020006 VV ECMO
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ASAIO Journal 2021; 67;1294-1300



Original Research

Journal of Intensive Care Medicne
2020, Vol. 35(9) 919-926
@ The Author(s) 2018

Percutaneous Cannulation for Extracorporeal £ pudorty 2018

Life Support in Severely and Morbidly DO 10.1177/088506661 8801547
- journals.sagepub.com‘hemeljic
Obese Patients ©SAGE

Andreas Keyser, MD'®, Alois Philipp', Florian Zeman, MSc?,

Matthias Lubnow, MD, PhD?, Dirk Lunz, MD*,
Markus Zimmermann, MD, PhD?, and Christof Schmid, MD, PhD'

N =928
(BMI >35kg/m* N = 153; BMI <35kg/m* N = 775)

VV ECMO VA ECMO
total.: N =574 total: N = 354
(BMI >35kg/m* N = 115; BMI <35kg/m*N =459) (BMI >35kg/m* N =38 ; BMI <35kg/m*N =316)

Journal of Intensive Care Medicine 2020, Vol. 35(9) 919-926



Table 3. Cannulation.

VV ECMO VA ECMO
Variable BMI < 35 kg/m® BMI > 35 kg/m* P Value BMI<35kg/m” BMI > 35kg/m® P Value
Mode of cannulation
Puncture and Seldinger technigque 447 (97%) 113 (98%) >.05 250 (79%) 33 (87%) >.05
Seldinger technique via pre-existing access™ 12 (3%) 2 (2%) 66 (21%) 5 (13%)
Drainage vessel
Femoral vein 385 (84%) 82 (71%) <.05 307 (97%) 34 (89%) <.05
Jugular vein 74 (1 6%) 33 (29%) 9 (3%) 4 (11%)
Return vessel
Jugular vein 412 (90%) 103 (90%) >.05
Subclavian vein 47 (10%) 12 (10%)
Femoral artery 316 (100%) 58 (100%)
Distal perfusion of limb
Yes 97 (31%) 9 (24%) >.05
No 219 (69%) 29 (76%)
Classic VV or Avalon
Classic VV 397 (86%) 89 (77%) <.05
Avalon 62 (14%) 26 (23%)

Journal of Intensive Care Medicine 2020, Vol. 35(9) 919-926



1.00 4 1.0
strata strata
—  BMI > 35kg/m? — BMI > 35kg/m’
0.7 —  BMI < 35kg/mé 0.75 4 — BMI < 35kg/m*
s £
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-
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=
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3 3
: £
a p=0.05 &
0.2 i 2k
p>0.05
0.00 4 0
0 1 2 3 H ] 5 7 8 3 0 1 H 3 a 5 § 7 8 9 10
follow-up time in years follow-up time in years
BMI > 35kg/m® 114(1) 50(50) 33(52) 27(54) 23(54) 20(54) 11(55) 3(s5) 1(55) 0{55) BMI > 35kg/m?  37(0) 7(25) 5(26) 4(26) 3(26) 3(26) 2(26) 0(27) 0[27) 0{27} ofz7)
BMI < 35kg/m® 450(2) 200{216) 161(225) 128(232) 93(237) 67(239) 37(242) 22(242) 8(242) 3(242) BMI < 35kg/m? 295(0) 80(186) S6(191) 39(195) 29{197) 22(197)  17(197) 10[197) 5(197) 2(197) 1(197)
Mumbers at risk {cumulative events) Numbers at risk [cumulative events)

VV-ECMO VA-ECMO

weight patients (P > .05). Conclusion: Percutaneous vessel cannulation for extracorporeal life support systems is generally
feasible. Therefore, percutaneous cannulation may well be performed in severely and morbidly obese patients. Patient outcome
rather depends on appropriate support than on anatomy.

Journal of Intensive Care Medicine 2020, Vol. 35(9) 919-926



Tracheostomy In obese patients




Research

JAMA Otolaryngology-Head & Neck Surgery | Original Investigation

Tracheotomy Outcomes in Super Obese Patients

Ryan V. Marshall, MS; Patrick J. Haas, MD; John M. Schweinfurth, MD; William H. Replogle, PhD

Table 3. Patient Outcomes

Value®
Super Obese  Obese

Outcome (n=31) (n=34) P Value
Days receiving ventilator 15.0 (15.5) 16.9 (17.9) .65
support, mean (5D)
Fio; before tracheotomy, 50.6 (19.0) 47.7 (12.8) 57
mean (5D), %
Failed extubations 10 (32) 8 (24) 43
Postoperative bleeding 2(7) 2(6) .92
Tracheotomy tube dislodged 1 (3) 0 .29
Tracheitis 3 (10) 0 .06
Percutaneous dilated g (29) 32 (94) <.001
tracheotomy
Cervical neck defattening 10 (32) 0 <.001
Standard tracheotomy tube 21 (68) 30 (88) .04
Extended-length disposable 16 (52) 2 (6) <.001
inner cannula tracheostomy
tube
Disposition

Home 9 (29) 9 (27) .82

Health facility 17 (55) 22 (65)

Death 4(13) 3(9
Tracheotomy status

Tracheotomy dependent 25 (81) 16 (47) <.001

Ventilator dependent 7(23) 4(12) .23

Decannulation 2(7) 15 (44) <.001

OBJECTIVE To determine the outcomes, complications, and mortality after tracheotomy in
super obese patients (those with a body mass index [BMI] greater than 50).

DESIGN, SETTING, AND PARTICIPANTS A retrospective review was conducted of billing records
from a tertiary care academic medical center from November 1, 2010, through June 30, 2013,
to identify patients undergoing tracheotomy. Medical records were reviewed to identify
patients with a BMI (calculated as weight in kilograms divided by height in meters squared)
greater than 50 and a control group with a BMI of 30 to 50. Patient characteristics, including
BMI, age, race/ethnicity, primary diagnosis for hospitalization, medical comorbidities, and
surgical technique, were measured.

MAIN OUTCOMES AND MEASURES The primary outcome measure was dependence on
tracheostomy at discharge. Secondary outcomes included rates of ventilator dependence,
mortality, postoperative complications, and discharge disposition.

RESULTS The super obese population included 31 patients and was predominantly African
American (20 patients [65%]) and female (21 patients [68%]). Mean BMI of super obese
patients was 64.0 (range, 50.2-95.5). The obese patient population was mainly African
American (25 patients [74%]) and female (17 patients [50%]). Twenty-five of 31 super obese
patients (81%) were discharged with a tracheotomy tube in place, compared with 16 of 34
obese patients (52%). Seven patients (23%) in the super obese group were ventilator
dependent at discharge, compared with 4 patients (13%) in the obese group. Only 2 of the
super obese patients (3%) were decannulated before discharge, compared with 15 (44%) in
the obese group. In-hospital mortality was similar for the 2 groups (super obese, 4 patients
[13%] and obese, 3 patients [9%]). The overall complication rate was 19% in the super obese
group (6 patients) compared with 6% in the obese group (2 patients). Super obese patients
were less likely to be discharged to a health care facility (17 patients [55%]) compared with
patients in the obese group (22 patients [65%]).

CONCLUSIONS AND RELEVANCE Tracheotomy in super obese patients is a safe and effective
strategy for airway management. Critically ill, super obese patients have a high likelihood of
remaining dependent on a tracheotomy or ventilator at the time of discharge.

JAMA Otolaryngol Head Neck Surg. 2016;142(8):772-776.



Take home messages

* Negative impact of obesity on the respiratory system and
ventilatory control for managing respiratory failure
« Under-recognized disorder of acute hypercapnic respiratory
decompensation secondary to obesity hypoventilation

» Early recognition as a medical emergency

e Essential initiation of NIV to avoid intubation and invasive
mechanical ventilation

 Challenging management of mechanical ventilation in
morbidly obese patients : reconsidering PEEP and RM



