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versus Phrenic Nerve Stimulation
Lisa Wolfe, MD
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Janine Vintch, MD
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Advances in Complex Sleep Related Respiratory Disorders and 
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Won Lee, MD
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Respiratory Assist Devices (ST, VAPS Technology), Interpreting 
NIV Downloads /Mask Interface Options
Faculty:  Won Lee, MD; Lisa Wolfe, MD; Shannon Sullivan, MD; 
Gaurav Singh, MD; Michelle Cao, DO; Kathleen Sarmiento, MD

2:20 pm – 3:00 pm
Home Ventilators, Interpreting Ventilator Downloads and 
Daytime use of Noninvasive Ventilation
Faculty:  Won Lee, MD; Lisa Wolfe, MD; Shannon Sullivan, MD; 
Gaurav Singh, MD; Michelle Cao, DO; Kathleen Sarmiento, MD

3:00 pm – 3:20 pm
BREAK / EXHIBIT HALL OPEN
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NIPPV for the Hypercapnic COPD and Obsesity Hypoventilation 
Patient
Gaurav Singh, MD

4:00 pm – 4:40 pm
Daytime Use of NIPPV
Lisa Wolfe, MD

4:40 pm - 5:00 pm
Closing Remarks and Post Test
Michelle Cao, DO
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WELCOME AND INTRODUCTIONS 
PRE-TEST 

 
Michelle Cao, DO 

Stanford University School of Medicine 
Clinical Associate Professor 

 
 

Michelle Cao, DO, is a Clinical Associate Professor in the Division of Sleep Medicine 
and Division of Neuromuscular Medicine, at the Stanford University School of Medicine. 
Dr. Cao is board certified in Pulmonary, Critical Care, and Sleep Medicine.  Her clinical 
expertise is in complex sleep related breathing disorders including central sleep apnea 
secondary to opioids, neuromuscular disease, and chronic respiratory failure.  She 
manages the noninvasive ventilation program for Stanford Neuromuscular Disease 
Multidisciplinary Clinic.  
 

 
 
 

Saturday, January 19, 2019 – 8:00 a.m. – 8:10 a.m. 
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EVIDENCE BASED OSA MANAGEMENT 
AND NON-PAP THERAPIES 

 
Atul Malhotra, MD 

UC San Diego 
Professor of Medicine and Sleep Specialist 

 
Saturday, January 19, 2019 – 8:10 a.m. – 8:50 a.m. 

 
 
Atul Malhotra, MD, is a board-certified pulmonologist, intensivist and chief of Pulmonary, 
Critical Care and Sleep Medicine. He is active clinically in pulmonary, critical care and sleep 
medicine. In the sleep clinic, he provides a full spectrum of diagnostic and therapeutic services 
to patients with sleep-related disorders, including sleep apnea, insomnia, restless leg syndrome, 
narcolepsy and sleep disorders associated with medical or psychiatric conditions. He has a 
special interest in the treatment of sleep apnea. 

Dr. Malhotra is the president of the American Thoracic Society. He has taught and presented his 
research on sleep-related disorders locally, regionally, nationally and internationally. He has 
published more than 200 original manuscripts in leading journals. He is a principal- and co-
investigator on numerous projects relating to sleep apnea and serves as an ad hoc reviewer for 
many leading journals including the New England Journal of Medicine, Mayo Clinic 
Proceedings, Sleep and the Journal of American Medical Association. To view a full list of his 
publications, visit PubMed. 

As a professor in the Department of Medicine, Dr. Malhotra is involved in training medical 
students, residents and fellows at UC San Diego School of Medicine. 

Before joining UC San Diego Health, Dr. Malhotra practiced pulmonary, critical care and sleep 
medicine at Massachusetts General Hospital, Beth Israel Deaconess Medical Center and 
Brigham and Women’s Hospital. He also served as attending physician in intensive care at King 
Faisal Hospital in Rwanda. He was associate professor at Harvard Medical School and medical 
director of the Brigham and Women’s Hospital Sleep Disorders Research Program. 

Dr. Malhotra completed his fellowship training in pulmonary and critical care medicine at 
Harvard Medical School and a residency in internal medicine at the Mayo Clinic. He completed 
an internship at St. Thomas Medical Center in Akron, OH and received his medical degree from 
the University of Alberta in Canada. Dr. Malhotra is triple board-certified in pulmonary disease, 
sleep medicine and critical care medicine. 
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Obstructive Sleep Apnea

Evidence Based Treatment 
Atul Malhotra, MD 

UC San Diego

Previous President ATS

Disclosures: none since 2012; Resmed 
provided a philanthropic gift to UCSD

Take Home Points

1. CPAP is treatment of choice for OSA and a defeatist 
attitude about CPAP is not justifiable

2. Alternative therapies are available which provide 
acceptable results for select patients

3. Individualized therapy may be viable in the future 
based on mechanism underlying OSA

4. Exciting time for sleep field
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NEJM 2016

NEJM 2016

Need better therapies/adherence
Need to identify high risk patients better
Need more basic research re: mechanisms
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Nasal CPAP is the Treatment of Choice

• Improves symptoms

• Improves blood pressure

• Transformative for some patients

• Need new therapies based on ongoing research

Maximum effect in
1. Younger
2. Higher ESS
3. More severe OSA
4. CPAP adherence

JCSM 2012
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• Individual patient meta-analysis

• Blood pressure improvement of 7.1 mmHg in those with elevated BP

JCSM 2014

Modest Blood Pressure 
Improvement with OSA?

• 1. If your only reason to treat OSA is BP then there 
is better improvement with valsartan (AJRCCM 2010)

• 2. Some patients get marked improvements in BP

• 3. BP surges are not captured with non‐invasive 
technology and maybe substrate for plaque rupture

• 4. Treatment of OSA helps oxidative stress and 
other potential causal pathways. 

• 5. Adherence is critical for CPAP > other therapies

Jordan et al. Lancet 2014; Bhattacharjee et al. in press; Xue et al. AJRCMB 2017 
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Take Home: Oral appliance is a reasonable second line option for 
OSA, particularly mild to moderate JAMA 2015

NEJM 2014
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C-Reactive Protein in Patients with OSA is 
Reduced by Nasal CPAP

(Yokoe et al., Circulation 107:1129, 2003)
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JAMA 2012 Sep 19;308(11):1142-9.
Surgical vs conventional therapy for weight loss treatment of obstructive sleep 
apnea: a randomized controlled trial.
Dixon et al. 

N= 60 with BMI 35-55 kg/m2

Conventional led to 5.1 kg vs. 27.8 kg weight loss in lap band  (p<0.01)

AHI decrease was 14 vs. 25.5 p=ns

CONCLUSION: 
Among a group of obese patients with OSA, the use of bariatric surgery compared 
with conventional weight loss therapy did not result in a statistically greater reduction 
in AHI despite major differences in weight loss.

Interpretation: even modest weight loss works

012



9

Gastric banding surgery versus CPAP for OSA:
The ABC randomized controlled trial

Bakker et al. AJRCCM in press.

N=49 randomized LGB vs. CPAP to examine impact on 
effective AHI

AHI=29.5 vs. 20.0 in LGB vs. CPAP at 9mos and 20.9 vs. 21.4 
at 18mos.

No difference in ESS or other important symptoms

These data suggest that OSA patients should not be 
encouraged to pursue LGB without concurrent CPAP 

OSA Mechanisms

•There are likely to be multiple 
mechanistic pathways which we need 
to understand and recognize 
•Patients do not all get OSA for the 
same reason
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Promoting Airway Patency

Pharyngeal Dilator
Muscle Contraction

(Genioglossus)

Lung Volume

(Longitudinal Traction)

Promoting Airway Collapse

Negative Pressure on Inspiration

Extralumenal Positive Pressure

     Fat Deposition
     Small Mandible

Obstructive Sleep Apnea       
Underlying Mechanisms

• Anatomy

• Pharyngeal dilator muscle control asleep

• Arousal Threshold

• Loop gain

• Lung volume

• Vascular
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Pharyngeal anatomy explains only a 
minimal portion of the variability in AHI

Obstructive Sleep Apnea       
Underlying Mechanisms

• Anatomy

• Pharyngeal dilator muscle control asleep

• Arousal Threshold

• Loop gain

• Lung volume

• Vascular
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Sleep 2009

Most OSA patients have some periods of stable breathing

•Studied GGEMG, TPEMG, EELV etc

•Genioglossus activity was invariably high during stable breathing

•Concept: Genioglossus is necessary and sufficient to stabilize 
breathing spontaneously in OSA
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Arousal Threshold –
Double-edged Sword

• A low arousal threshold could lead to premature arousal with 
inadequate time to accumulate respiratory stimuli 

• A high arousal threshold could lead to substantial hypoxemia 
and hypercapnia with end-organ impact

• Therapies to manipulate arousal threshold are likely to benefit 
some patients and theoretically hurt others

Saboisky et al. Thorax 2010; Smales et al. Annals ATS 2015
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European Respiratory Journal 2008
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Arousal Threshold

• >60% of variance in arousal threshold is predicted 
with AHI, nadir saturation and % hypopneas

• Clinical prediction of arousal threshold may help 
to guide response to sedative/hypnotics

Journal Thoracic 
Disease 2016

Pharyngeal Muscle Control
• There are likely to be subgroups of 

patients who respond to efforts to 
augment muscle activation

• Perhaps targeting this subgroup would 
make sense in pharmacological studies

• Increasing upper airway muscle 
responsiveness may be deleterious in 
patients with unstable ventilatory control  
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Obstructive Sleep Apnea       
Underlying Mechanisms

• Anatomy

• Pharyngeal dilator muscle control asleep

• Arousal Threshold

• Loop gain

• Lung volume

Loop Gain
• measure of the stability of negative feedback control system

Younes AJRCCM 2001

• Thermostat analogy

Deacon and Malhotra Frontiers in Neurology in press; Sleep in press
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JCSM 2017

High LG predicts surgical failure
LG lowers after surgery suggesting is partially acquired
Low AT predicts surgical failure ? Therapeutic target

Obstructive Sleep Apnea
Underlying Mechanisms 

High Loop Gain

Administer agents to reduce loop gain:

• Oxygen (Resp Phys 2008, ERJ 2018)

• Acetazolamide (Sleep 2013, J. Physiol. 2012, ATS 2019)

• Loop gain can be manipulated 
pharmacologically in a subset of OSA
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Effect of Oxygen Between Groups
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Obstructive Sleep Apnea       
Potential Therapies

• Oropharyngeal exercise

• Hypoglossal nerve stimulation

• Winx

• Provent

• Postural therapy

• Bariatric surgery

024



21

AJRCCM 2009

AJM 2012
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AJRCCM 2012

AJRCCM 2012

Speculation: progressive 
reductions in airflow may 
reflect UA muscle dysfunction 
which could be amenable to 
hypoglossal nerve stimulation
or pharmacotherapy

026



23

NEJM 
2014; 
OHNS 
2018

• NEJM 2014 Strollo et al. showed potential 
benefit to HGNS for OSA

• Unclear which patients might respond best
• Underlying mechanism of OSA is likely to be 

important predictor

NEJM 2014; Thorax 2016
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Sleep 2018

Take Home: dronabinol is not ready for 
prime time treatment of OSA

AJRCCM in press; small numbers, one night only
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Lancet 
2014

Vision - Summary

To be able to assess an individual at risk of OSA 
using a blood test and/or simplified home recording 
or wearable technology to make diagnosis and WHY

To use this information to determine optimal therapy 
by assessing responsiveness to interventions and risk 
of particular complications.

To use real-time patient feedback technologies to 
optimize adherence and to guide interventions.
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Exosomal Cargo Properties, Endothelial 
Function and Treatment of Obesity 
Hypoventilation Syndrome
Bhattacharjee et al. JCSM 2018

-Can isolate extracellular vesicles and 
miRNA from human plasma from untreated OSA
-take the exosomes and introduce into mice or cell 
culture systems
-assess impact on endothelial cells including 
monocyte adhesion, eNOS, tight junctions
-can take exosomes after CPAP treatment of OSA 
and reassess
-provide direct evidence of vascular benefit of CPAP

AJRCMB 2017
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Take Home Points

1. CPAP is treatment of choice for OSA and a defeatist 
attitude about CPAP is not justifiable

2. Alternative therapies are available which provide 
acceptable results for select patients

3. Individualized therapy may be viable in the future 
based on mechanism underlying OSA

4. Exciting time for sleep field
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CARDIOVASCULAR DISEASE AND 
SLEEP APNEA:  WHAT IS THE 

CURRENT EVIDENCE? 
 

Kathleen Sarmiento, MD 
UC San Francisco 

Associate Professor of Medicine 
 

Saturday, January 19, 2019 – 8:50 a.m. – 9:20 a.m. 
 
 

Kathleen (Katie) Sarmiento, MD, is an Associate Professor of Medicine at UC San 
Francisco, the Director of Sleep Medicine at the San Francisco VA Health Care System, 
and the National Lead for VA TeleSleep, an enterprise-wide initiative to build a high-
performing sleep telemedicine network. She has been instrumental in building 
infrastructure for and leading VA Sleep operations. She has an active clinical practice in 
Pulmonary, Critical Care and Sleep Medicine. Her research interests are focused on 
health services research, including strategies to improve access to sleep care in rural 
areas, reduce wait times, lower cost, and de-implement low-value steps in obtaining 
care.   
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CENTRAL SLEEP APNEA AND HEART 
FAILURE:  PAP VERSUS OXYGEN 

VERSUS PHRENIC NERVE 
STIMULATION 

 
Lisa Wolfe, MD 

Northwestern University 
Associate Professor of Medicine and Neurology 

 
Saturday, January 19, 2019 – 9:20 a.m. – 9:50 a.m. 

 
 
Lisa Wolfe, MD, is originally from Ohio and did her medical school training at the Ohio 
State University.   Her residency/ fellowship training was at Northwestern University 
where she has been ever since.  She is an associate professor of both medicine and 
neurology – where she is on the faculty in pulmonary / sleep and neuromuscular 
medicine.   She is also the medical director of respiratory care at the Shirley Ryan 
Ability Lab (previously known as the Rehabilitation Institute of Chicago (RIC)).   Dr. 
Wolfe’s academic focus is on the use of home based ventilation and the care of those 
with neuromuscular diseases.  She has clinical grants for this work from the Les Turner 
ALS Foundation and the Muscular Dystrophy Association. 
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BREAK 
EXHIBIT HALL OPEN 

 
 

 
Saturday, January 19, 2019 – 9:50 a.m. – 10:10 a.m. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

034



 

THE PERIOPERATIVE MANAGEMENT 
OF SLEEP DISORDERED BREATHING 

 
Janine Vintch, MD 

David Geffen School of Medicine at UCLA 
Harbor-UCLA Medical Center 
Clinical Professor of Medicine 

 
Saturday, January 19, 2019 – 10:10 a.m. – 10:40 a.m. 

 
 

Janine Vintch, MD, was born and raised in Southern California.  She went to UCLA for 
her undergraduate training and then to USC for her medical school years.  Upon 
graduation, she matched at Harbor-UCLA Medical Center in Torrance, California, where 
she has remained for her entire career. She did her Internal Medicine residency training, 
Chief Resident, and then Pulmonary-Critical Care fellowship at Harbor.  At the end of 
her training years, she was jointly appointed as a faculty member to both the Division of 
General Internal Medicine and the Division of Pulmonary and Critical Care Medicine and 
is currently a full time Profession through the David Geffen School of Medicine at 
UCLA.  In the early years of her faculty appointment, she focused on perioperative 
management strategies and general medicine consultations.  She also had an interest 
in Sleep Medicine and was self-trained in this subspecialty area.  She is a Diplomate of 
the American Board of Sleep Medicine as well as the American Board of Internal 
Medicine in Sleep in addition to her certification in Internal Medicine, Pulmonary 
Diseases, and Critical Care Medicine.  In the last 10 years, she has developed an 
interest in the area of venous thromboembolic disease and participated in the last 
edition of the ACCP Guidelines on the Management of VTE.  More recently, she is 
working on developing a PE Response Team and in one of the members of the 
University of California Alliance on Pulmonary Embolism (UCAPE).  In addition to her 
clinical areas of interest, she has participated in the Medical Staff leadership at Harbor 
and is currently their Chief of Staff. 
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The Perioperative Management
of Sleep-Disordered Breathing

Janine R. E. Vintch, MD, FCCP

Clinical Professor of Medicine 

David Geffen School of Medicine at UCLA

Harbor-UCLA Medical Center

CTS 2019 Northern California Conference

January, 2019

Disclosures

 No conflicts of interest
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Learning Objectives

 Review the challenges that can be encountered in managing 
patients with sleep disordered breathing (SBD) in the 
perioperative period

 Discuss the preoperative preparation recommendations focusing 
on SDB

 Review management strategies for patients with                                 
SDB in the perioperative period to decrease their                             
overall risk of complications and adverse outcomes 

Introduction

 Every year approximately 250 million surgical procedures are 
performed worldwide
– An increasing number are being performed in the ambulatory setting

 With both surgical volume and predisposing factors for SDB 
increasing, there is an increased interest in the impact of these 
disorders on perioperative outcome
– Of note, the diagnosis of SDB including Obstructive Sleep Apnea (OSA) 

and Obesity Hypoventilation Syndrome (OHS) has not been established 
in the majority of surgical patients with these disorders

Debas HT.  JAMA Surg. 2015;150:833-834.
Tsai A and Schumann R.  Curr Opin Anesthesiol. 2016;29:103-108.
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Introduction

 There are numerous variables that influence SDB in the 
perioperative period including:

– Anesthesia

– Upper airway injury after intubation

– Fluid shifts

– Pain medications

– Administration of oxygen

Ayas NT et al.  Ann Am Thorac Soc. 2018;15:117-126.

SDB in the Perioperative Period

 OSA 
– In the classic epidemiologic study by Young et al the prevalence of 

OSA defined as an AHI > 5 was 9% of women and 24% of men
 Approximately 70% of patients with OSA are overweight or obese and has 

more than doubled in the past 40 years

– Today, a high prevalence of OSA is noted in patients undergoing 
surgery with studies reporting ranges between 24 to 41%
 Prevalence as high as 70% has been reported in bariatric surgery patients

Roesslein M and Chung F.  Eur J Anaesthesiol. 2018;35:245-255.
Tsai A and Schumann R.  Curr Opin Anesthesiol. 2016;29:103-108.

Young T et al.  N Engl J Med. 1993;328:1230-1235.
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Sleep-Disordered Breathing:
OSA

 OSA is characterized by repetitive partial or complete obstruction of the 
upper airway during sleep
– These obstructions lead to oxygen desaturation, hypercapnia, and cortical 

microarousals in an attempt to restore upper airway patency

 OSA has been associated with various health-related consequences 
including increased rate of motor vehicle accidents, hypertension, 
myocardial ischemia, arrhythmias, heart failure, pulmonary 
hypertension, stroke, metabolic syndrome, and all-cause mortality

Adesanya AO et al.  Chest.  2010;138:1489-1498.
Vasu TS et al.  J Clin Sleep Med. 2012;8:199-207.

Sleep-Disordered Breathing: OSA

 The impact of OSA on postoperative pulmonary complications 
(PPCs) is an area of current active research
– In 2006, the ACP guidelines suggested that PPCs may be higher among 

patients with OSA based on a case-control study of patients undergoing 
hip or knee replacement

 The importance of this was highlighted in 2008 when the Joint 
Commission proposed a National Patient Safety Goal focusing on 
preoperative screening as well as protocols for perioperative 
management of OSA

Bolden N et al.  J Clin Anesth. 2009;21:286-293/
Health Leaders Media.  JCAHO National Patient Safety Goals.  2011.

Smetana GW and Conde MV.  Clin Geriatr Med. 2008;24:607-624.
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Sleep-Disordered Breathing: OSA

 A systematic review of 61 studies involving 413,304 OSA and 
8,556,279 non-OSA patients to examine outcomes after procedures 
performed under general anesthesia, regional anesthesia, and 
sedation noted that OSA was associated with an increase in 
postoperative complications including
– Difficult intubation
– Pulmonary complications including need for intubation, prolonged 

mechanical ventilation support
– Cardiovascular complications including atrial fibrillation, cardiac arrest
– Delirium, agitation, confusion
– Impaired wound healing
– Higher resource utilization

Opperer M et al. Anesth Analg. 2016;122:1321-1334.

Sleep-Disordered Breathing: OHS

 OHS is a disease entity distinct from simple obesity and OSA

– Defined as a combination of obesity with BMI > 30, daytime hypercapnia 
with PaCO2 > 45 mmHg during wakefulness with sleep-disordered 
breathing in the absence of an alternative neuromuscular, mechanical, 
or metabolic explanation for hypoventilation

– OHS patients consume a greater level of healthcare resources than 
eucapnic patients with OSA

– In contrast to OSA, new studies demonstrate a higher prevalence of 
OHS in women compared to men

Ayas NT et al.  Ann Am Thorac Soc. 2018;15:117-126.
Bahammam AS.  Saudi Med J. 2015;36:181-189.

Chau EHL et al. Anesthesiology. 2012;117:118-205.
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Sleep-Disordered Breathing: OHS

 The prevalence of OHS is approximately 0.15 to 0.6% of the general 
population and increases to 50% in patients with a BMI > 50
– Approximately 90% of patients with OHS have concomitant OSA and is 

estimated to occur in 1/160 adults
 Conversely only 10 to 20% of OSA patients have OHS

 OHS should be suspected in the following clinical scenarios:
– Obese patients with an increased serum bicarbonate > 27 mEq/L

– Room air hypoxemia while resting

– Persistent hypoxemia during a sleep study

Ayas NT et al.  Ann Am Thorac Soc. 2018;15:117-126.
Chau EHL et al. Anesthesiology. 2012;117:118-205.

Iftikhar IH and Roland J.  Clin Chest Med. 2018;39:427-436.

Sleep-Disordered Breathing: OHS

 Compared to eucapnic obese patients, OHS patients demonstrate

– More severe upper airway obstruction

– Impaired respiratory mechanics

– Blunted central respiratory drive

– Increased incidence of pulmonary hypertension (PH)
 Severe PH was diagnosed in 28.6% of women and 14.3% of men in a 

prospective observational study of OHS patients

Priou P et al.  Chest. 2010;138:84-90. 
Iftikhar IH and Roland J.  Clin Chest Med. 2018;39:427-436.
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Sleep-Disordered Breathing: OHS

 Compared with patients who have OSA alone in the perioperative 
setting, patients with OHS have a increased risk of the following:

– Respiratory failure =  OR 10.9

– Heart failure = OR 5.4

– Prolonged intubation = OR 3.1

– Tracheostomy = OR 3.8

– ICU transfer = OR 10.9
 Longer ICU stay

– Longer hospital stay

Kaw R et al.  Chest.  2016;149:84-91.

Sleep-Disordered Breathing: 
OHS and OSA

 Patients with a combination of OHS and OSA have a greater 
perioperative risk for cardiac and pulmonary complications as 
compared to patients with OSA without OHS

– OHS was associated with 11 times increased                                                   
odds for postoperative respiratory failure and                                                   
ICU transfer

– Increased incidence of postoperative heart                                          
failure (OR 5.4) and prolonged                                                        
intubation (OR 3.1)

– Longer LOS (7.3 versus 2.8 days)
Chung F et al.  Chest. 2016;149:586-597.

Kaw R et al.  Chest. 2016;149:84-91.
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SDB in the Perioperative Period

 Several factors related to anesthesia and the operative intervention 
may contribute to complications in patients with underlying SDB
– Medications such as hypnotics, opioids, muscle relaxants

– Protracted supine position leading to decreased airway stability

– Narrowing of the upper airway caused by pharyngeal edema following 
intubation

– Perioperative discontinuation of CPAP

– Disruption of sleep architecture
 Sleep fragmentation with loss of REM sleep occurs initially followed by 

improved sleep and REM rebound seen between postop days 3 and 5 

Ayas NT et al.  Ann Am Thorac Soc. 2018;15:117-126.
Roesslein M and Chung F.  Eur J Anaesthesiol. 2018;35:245-255.

Preoperative Preparation

 The preoperative evaluation aims at gathering relevant information 
about the patient and formulating an anesthesia care plan
– Diagnostic testing should be based on comorbidities and planned 

surgical intervention rather than on the mere presence of obesity

 Particular attention should focus on screening patients for SDB 
particularly obese patients
– The 2013 Clinical Practice Guidelines for the Perioperative, Nutritional, 

Metabolic, and Nonsurgical Support of the Bariatric Surgery Patient 
recommends screening all bariatric surgery patients for OSA

Leong SM et al.  J Clin Anesth. 2018;45:63-68.
Mechanick JI et al.  Endocrin Pract. 2013:19:337-372.
Nightingale CE et al.  Anaesthesia. 2015;70:859-876.
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Preoperative Management

 Preoperative management should begin with a directed history and 
physical examination
– Emphasis on airway examination and identifying comorbidities in order 

to optimize them prior to surgery with attention to identifying SDB
 Neck circumference

 BMI

 Mallampati score and other airway characteristics

 Difficulty with airway management or problems with previous anesthetics

 Comorbidities including diabetes, hypertension, congestive heart failure, 
pulmonary hypertension

Adesanya AO et al. Chest. 2010;138:1489-1498.
Subramani Y et al.  Sleep Med Clin. 2017;12:123-135.

Preoperative Preparation: 
OSA Screening

 Many patients with underlying OSA may be undiagnosed and 
untreated at the time they present for surgery 

 Screening for OSA in the preoperative period allows the provider to 
minimize postoperative complications by allowing the provider to:
– Risk stratify the patient

– Devise an anesthetic management plan with risk minimization

– Plan for appropriate level and timing for postoperative monitoring

Nagappa M et al.  Anesth Analg. 2017;125:1301-1308.
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Preoperative Preparation: 
OSA Screening

 OSA screening tools have been developed and validated in surgical 
populations:
– The STOP-Bang Questionnaire
– The American Society of Anesthesiologists (ASA) Checklist
– The Berlin Questionnaire
– The Perioperative Sleep Apnea Prediction (P-SAP) Score

 These screening tools are designed to identify the presence of OSA 
rather than quantify the severity 

 The inclusion of preoperative serum bicarbonate level may improve the 
predictive accuracy of the screening instrument

Rosslein M and Chung F.  Eur J Aneaesthesiol. 2018;35:245-255.
Subramani Y et al.  Sleep Med Clin. 2017;12:123-135.

OSA Screening: 
STOP-Bang Questionnaire

 The major drawback of all screening tools is their modest specificity 
with a high false-positive rate

– STOP-Bang score > 3 is 93% sensitive but 43% specific for an AHI cut-
off of 15

 Advantages of this tool is that it is brief, simple to administer, and 
requires only a fifth-grade reading level

Subramani Y et al.  Sleep Med Clin. 2017;12:123-135.
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OSA Screening: 
STOP-Bang Questionnaire

 A new 2-step approach has recently been proposed
– Patients with scores of 0 to 2 may be safely ruled out as low risk for 

moderate to severe OSA

– Patients with scores of 5 or higher are at high                                                   
risk of moderate to severe OSA

– Among patient with scores of 3 or 4                                                        
(intermediate risk) who have 2 or the                                                         
following are at higher risk as well
 BMI > 35

 Neck circumference > 40 cm

 Male sex Chung F et al.  Anesthesiology. 2008;108:812-821.
Madhusudan P et al.  Curr Opin Anesthesiol. 2018;31:89-95.

Subramani Y et al.  Sleep Med Clin. 2017;12:123-135.

Preoperative Preparation: 
OHS Screening
 A modified STOP-Bang Questionnaire with additional points for BMI 

and bicarbonate > 27 mEq/L was compared with the original STOP-
Bang score for predicting OHS

– Sensitivity 89.2% and a specificity                                                     
47.6% with a score of 6

– Diuretics and steroid administration                                                             
may lead to a primary metabolic                                                            
alkalosis which may make a it                                                                       
to distinguish from a compensatory                                                            
metabolic alkalosis

Bingol Z et a.  Sleep Breath. 2016;20:495-500.
Chau EH et al.  Sleep Med Clin. 2013 Mar; 8(1): 135–147.
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Preoperative Preparation

 Once a patient has been identified as high risk for OSA or OHS, the 
decision to proceed directly to surgery or to refer the patient for 
further evaluation will depend on the relative urgency of the surgery 
and made in consultation with the surgeon

– If the plan is to proceed with surgery, all members of the healthcare team 
should be made aware of the patient’s high-risk status in order to follow 
risk reduction strategies as outlined in guidelines such as the Society of 
Anesthesia and Sleep Medicine (SASM) and ASA

Adesanya AO et al.  Chest. 2010;138:1489-1498.
Madhusudan P et al.  Curr Opin Anesthesiol. 2018;31:89-95.

Preoperative Preparation:  
OSA Diagnosis

 Full-night, attended, in-laboratory polysomnography (PSG) is 
regarded as the gold standard in the diagnosis of OSA
– PSG can provide the diagnosis, severity, and phenotype of OSA

– However, the logistical issues associated with getting a PSG done timely 
can delay scheduled surgery

 For non-bariatric procedures, there appears to be insufficient evidence in the 
current literature to support canceling or delaying surgery for a formal 
diagnosis unless there is evidence of associated significant uncontrolled 
disease or additional problems with ventilation or gas exchange

Memtsoudis SG et al.  Anesth Analg. 2018;June 25.
Roesslein M and Chung F.  Eur J Anaesthesiol. 2018;35:245-255.
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Preoperative Preparation:  
OSA Diagnosis

 Home sleep testing or other forms of testing such as pulse oximetry 
may be an alternative for patients with underlying high pre-test 
probability

- Nocturnal pulse oximetry has been used as a surrogate to PSG for 
screening for OSA  but is not accepted by CMS 

 Sensitivity can be as high as 98% for moderately severe OSA but specificity 
can be as low as 40% depending on how the data is interpreted

Park JG et al.  Mayo Clin Proc. 2011;86:549-555.
Roesslein M and Chung F.  Eur J Anaesthesiol. 2018;35:245-255.

 Data from one study assessing pulse oximetry demonstrated that an 
oxygen desaturation index (ODI) > 5 had a higher rate of 
postoperative complications including respiratory and cardiac events
- ODI = number of oxygen desaturation >4% events per hour of 

monitoring

 In another study comparing overnight oximetry with home sleep 
testing in 68 bariatric surgery patients found an ODI 3% had a 
negative predictive value of 95% to rule out OSA and a positive 
predictive value of 73%

Nocturnal Pulse Oximetry

Hwang D et al.  Chest.  2008;133:1128-1134.
Malbois M et al.  Obes Surg. 2010;20:326-331.
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Preoperative Preparation:  
PAP Therapy 

 Pneumatic splinting of the airway by applying CPAP is regarded as 
the gold standard treatment for OSA
– It improves daytime sleepiness, accident risk, and quality of life

– Several studies have also shown that it decreases the risks of several 
adverse cardiovascular outcomes such as hypertension and atrial 
fibrillation

– CPAP use prior to surgery to prevent postoperative complications is not 
unequivocally confirmed in the literature
 Because of its known benefits outside of the surgical arena,                           

many guidelines do recommend its initiation in the                                       
perioperative period

Roesslein M and Chung F.  Eur J Anaesthesiol. 2018;35:245-255.

Preoperative Preparation:  
PAP Therapy 

 The 2014 ASA Practice Guidelines strongly recommends 
considering the initiation of CPAP in the perioperative period in 
patients with OSA 
– Particularly for patients with severe OSA

– It remains unclear what duration of preoperative CPAP is needed prior to 
elective surgery that leads to a positive impact

 For patients with OHS, PAP therapy should be also considered and 
if possible started during the few days or weeks before surgery
– In a period as short as 5 days, gas exchange and SDB can improve 

significantly using either CPAP or NIV
ASA Task Force.  Anesthesiology. 2014;120:268-286.
Chau EHL et al. Anesthesiology. 2012;117:188-205.
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Preoperative Preparation: 
Airway Assessment
 Obesity alone is associated with up to a 30% greater chance of a 

difficult airway or failed intubation
– Bag-mask ventilation is also known to be more difficult in the obese with 

reports as high as 79%

 Risk factors beyond BMI predictive of a difficult intubation include:
– Reduced mobility of the lower jaw
– Male sex
– Large neck circumference
– OSA: Risk appears independent from Mallampati score and BMI
 In a case-control retrospective study of 253 patients, difficult intubation was 

found to occur 8 times more often in OSA patients than controls
Hillman DR and Chung F.  Respirology. 2017;22:230-239.

Nightingale CE et al.  Anaesthesia.  2015;70:859-876.

Intraoperative Care: 
Regional Anesthesia

 Many reviews and guidelines recommend regional as preferred to 
general anesthesia when possible as it offers distinct advantages
– Minimal airway manipulation

– Avoidance of anesthetic drugs with cardiopulmonary depression

– Reduced postoperative nausea and vomiting

– Reduced perioperative opioid requirements

 There is a higher risk of failure of regional techniques in the obese
– An airway management plan should always be in place

 Sedation, if required, the should be kept to a minimum
Nightingale CE et al.  Anaesthesia. 2015;70:859-876.

Raveendran R et al.  Curr Opin Anesthesiol. 2017;30:146-155.
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Intraoperative Care: 
Regional Anesthesia

 In a study of 40,316 OSA patients undergoing hip and knee 
arthroplasty, the use of neuraxial anesthesia versus general 
anesthesia were compared

– Neuraxial anesthesia was associated with

 Decreased odds for the need for mechanical ventilation

 Decreased admissions to the ICU postoperatively

 Shorter length of stay

 Decreased cost

Memtsoudis SG et al.  Reg Anesth Pain Med.  2013;38:274-281.

Intraoperative Care: 
Induction of Anesthesia
 Easily reversible drugs, with fast onset and offset, are the agents of 

choice for patients with SDB

 For obese patients, since their work of breathing is increased, 
tracheal intubation with controlled ventilation is the airway 
management technique of choice

– During induction, the patient should be positioned                                    
in a ramped position with the tragus of the ear                                         
at the level of the sternum and the arms away                                   from 
the chest

 HELP = Head Elevated Laryngoscopy Position
 Sniffing position

Nightingale CE et al.  Anaesthesia. 2015;70:859-876.
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Intraoperative Care: 
Induction of Anesthesia

 Minimizing the time from induction to intubation will reduce the risk 
of oxygen desaturation should bag-mask ventilation prove difficult
– Preoxygenation for more than 3 minutes with a tightly fitted mask can 

increase apnea tolerance time
 Application of CPAP or PEEP can achieve a higher oxygen tension and longer 

time to desaturation

 One needs to be prepared and avail all specialized                     
anesthesiology instruments and assistance
– In extreme cases use of awake fiberoptic intubation                       may 

be necessary

Iftikhar IH and Roland J. Clin Chest Med. 2018;39:427-436.
Nightingale CE et al.  Anaesthesia. 2015;70:859-876.

Intraoperative Care:  
Ventilatory Support

 Observational studies suggest that obese patients are at higher risk 
of being ventilated with large, potentially injurious tidal volumes
– In a study of patient undergoing major abdominal surgery, intraoperative 

ventilation with low tidal volumes (6 to 8 ml/kg predicted body weight) as 
well as PEEP and recruitment maneuvers impart outcome benefits
 Composite end points of pneumonia, respiratory failure, sepsis, and death

– In a small study of 30 gastric bypass surgery patient, it was found that 
PEEP and recruitment maneuvers combined reduced atelectasis and 
improved oxygenation in morbidly obese patients whereas PEEP or 
recruitment maneuvers alone did not

PROVE Network Investigators.  Lancet.  2014;384:495-503.
Reinius H et al.  Anesthesiology. 2009;111:979-987.
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Intraoperative Care:  
Ventilatory Support

 The Protective Ventilation with Higher versus Lower PEEP during 
General Anesthesia for Surgery in Obese Patients (PROBESE) trial 
seeks to answer the question of PEEP in obese patients by 
comparing intraoperative ventilation strategies

 While awaiting additional studies to guide ventilatory strategies, 
some authors recommend the following intraoperative ventilator 
settings
– Low tidal volume:  6 to 8 mL/kg predicted body weight
– Higher PEEP:  8 to 15 cm H2O
– Peak airway pressure limit:  30 to 35 cm H2O
– Recruitment maneuvers

PROBESE.  Bluth T et al.  Trials.  2017;18:202.
Tsai A and Schumann R.  Curr Opin Anesthesiol. 2016;29:103-108.

Postoperative Management: 
Extubation Plan

 Extubation should be performed in a similar manner to intubation

– Patients should be in a sitting position or with the upper body elevated

– Assure return of stable protective arousal responses is key

– Neuromuscular blockade should be reversed if necessary
 Patient should be able to sustain a head lift for > 5 seconds

 Use of suggamadex or other reversal agent can be given if needed

– Supplemental oxygen should be provided until baseline oxygenation 
status is achieved
 This measure has recently been found to improve oxygenation and decrease 

AHI in OSA patient without increasing the duration of apnea or hypopnea 
events

Liao P et al.  Chest. 2017;151:597-611.
Huschak G et al.  Best Pract Res Clin Endocrinol Metab. 2013;27:247-260.

053



1/14/2019

19

Postoperative Management: 
Monitoring

 Close and continuous monitoring can take place in the Post-
Anesthesia Care Unit (PACU) to identify behaviors that indicate 
particular vulnerability to UA obstruction and/or hypoventilation in at-
risk patients

– Such patients are monitored for a longer period of time in this 
environment so that observations can be made well beyond the 
immediate emergence from anesthesia 

 Exact amount of time is controversial with some suggesting 90 minutes

Chau EHL et al.  Anesthesiology.  2012;117:188-205.
Hillman DR and Chung F.  Respirology. 2017;22:230-239.

Postoperative Management: 
Monitoring

 The presence of the following may highlight vulnerability to 
ventilatory problems beyond the PACU
– Recurrent bradypnea (RR < 8 breaths/minute)
– Witnessed obstructive events (apneas lasting longer than 10 seconds)
– Persistent hypoxemia requiring oxygen therapy
 Desaturations < 90%

– Other indices of hypoventilation such as elevated bicarbonate levels or 
hypercapnia

– Mismatch between complaints of pain and levels of sedation

 If these are noted, further continuous oximetry and monitoring of 
ventilation should be considered

Hillman DR and Chung F.  Respirology. 2017;22:230-239.
Raveendran R et al.  Curr Opin Anesthesiol. 2017;30:146-155.
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Postoperative Management:  
PAP Therapy
 Resumption of CPAP therapy, if feasible, should occur in the 

immediate postoperative period
– Many guidelines recommend that the patient bring in their own machine 

and mask to ensure compliance and comfort with this interface

 Consider initiation of CPAP in individuals at risk for SDB who have 
recurring respiratory events while monitored in the PACU
– A single fixed CPAP setting may not be effective in this setting likely 

related to fluid shifts, supine positioning, residual sedative effects 
– Use of autotitrating PAP (APAP) has shown significant reduction in 

postoperative AHI and improved oxygen saturations
 Use with caution in patients at risk for OHS and opioid-induced hypoventilation

Chung F et al.  Chest. 2016;149:586-597.
Rosslein M and Chung F.  Eur J Anaesthesiol. 2018;35:245-255.

Postoperative Management:  
PAP Therapy
 A meta-analysis of 6 studies including 904 patients examined the 

effectiveness of CPAP therapy on postoperative outcomes, 
postoperative AHI, and length of stay in surgical patients with OSA plus 
CPAP versus patients with OSA without CPAP therapy

– No significant difference in postoperative adverse events between the two 
groups

– Patients who used CPAP either preoperatively and/or postoperatively 
compared with no CPAP had a risk ratio of 0.88 (0.73-1.06) and a 12% risk 
reduction of postoperative adverse events with a corresponding NNT to 
benefit of 45

– The CPAP group had a significantly reduced postoperative AHI  and a trend 
towards a shorter LOS

Chung F et al.  Chest. 2016;149:586-597.
Nagappa N et al.  Anesth Analg. 2015;120:1013-1023.
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Postoperative Management: 
PAP Therapy

 Data collected from the Michigan Surgical Quality Collaborative of 
52 community and academic hospitals compared postoperative 30-
day cardiopulmonary complications between treated and untreated 
patients with OSA

– Of 26,842 patients 2,646 (9.9%) had a diagnosis or suspicion of OSA 
and 55% of them were untreated

– Documented OSA without therapy or suspicion of OSA was associated 
with higher cardiopulmonary complications (6.7% vs 4%; OR 1.8)
 Myocardial infarction (adjusted OR 2.6) and reintubations (adjusted 2.5) were 

significantly higher in untreated OSA patients
Abdelsattar ZM et al.  Sleep.  2015;38:1205-1210.

Chung F et al.  Chest. 2016;149:586-597.

Postoperative Management: 
Analgesia
 Pain control is essential to allow patients to participate in deep 

breathing and coughing strategies postoperatively 

 A multimodal approach to pain management should be applied and can 
include a combination of any of the following
– Nonopioid adjuncts including acetaminophen, NSAIDs
– Steroids
– Ketamine
– α2 adrenergic agonists
 Dexmedetomidine has sedative, amnestic, and analgesic                             

properties and shown to decrease postoperative opioid                                   use 
without respiratory depression

– Regional analgesia with local infiltration, epidural anesthesia,                        
or peripheral nerve blockade

Hillman DR and Chung F.  Respirology. 2017;22;230-239.
De Raaff CAL et al.  Curr Opin Anesthesiol. 2018;31:104-109.
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Special Considerations:
Ambulatory Surgery
 The Society for Ambulatory Anesthesia has provided guidelines for the 

selection of OSA patients for ambulatory surgery

 STOP-Bang for screening should be performed prior to surgery

 Patients with OSA can be considered for ambulatory surgery if they 
have the following conditions met
– Compliant on a stable PAP setting and able to use it upon discharge home
– Comorbid conditions are optimized
– Postoperative analgesia plan can be predominantly non-opioid

 Schedule the patient for the first case of the day to enable a longer 
monitoring time in the postanesthesia period

Joshi G et al.  Anesth Analg.  2012;115:1160-1168.
Nightingale CE et al.  Anaesthesia. 2015;70:859-876.

Future Directions

 Risk stratification based on OSA phenotype
– An understanding of the predominant pathophysiology of OSA, known 

as the endotype and the identifiable morphological characteristics of an 
individual, known as the phenotype will give us more insight to guide 
screening, monitoring, and management strategies

– Areas that play an important role in the pathogenesis of OSA include:
 Upper airway anatomy

 Tone of the upper airway dilator muscles

 Arousal response of an individual

 Stability of the respiratory system control

Madhusudan P et al.  Curr Opin Anesthesiol. 2018;31:89-95.
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Future Directions

 Areas for improvement include
– Development of better perioperative risk stratification with wider use of 

portable monitoring

– Use of other metrics of OSA severity besides AHI

– Closer regard for the possibility of coexistent hypoventilation

– Development of cost-effective methods to continuously monitor 
ventilation outside high dependency areas such as the PACU and ICU

– Use of telemetered data particularly for patients not being managed in a 
high dependency area

– Increase use of PAP therapies postoperatively

Hillman DR and Chung F.   Respirology. 2017;22:230-239.

Conclusions

 It is important to recognize obese patients with suspected sleep-
disordered breathing including OSA and OHS preoperatively as 
many remain undiagnosed prior to this encounter with the healthcare 
system
– There is growing evidence that patients with OHS have worse outcomes 

than patients with OSA alone

 A multidisciplinary care pathway is necessary to                                   
manage these high-risk patients to decrease their                                    
perioperative risk
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Learning Objectives

 Review outcomes‐related data with respect to use of 
technologies to enhance the treatment of sleep 
disordered breathing

 Review newer delivery models such as telemedicine

 A look towards the future of consumer facing devices

The Landscape

 Sleep medicine is a poster child for dramatic change in models of 
care delivery and technology

 In recent years, home sleep testing has replaced a portion of 
laboratory sleep studies for the diagnosis of obstructive sleep 
apnea

 Consumer wearables and trackers, mobile applications, and 
health interfaces abound

 Remote device monitoring has advanced and is widely available 
on newer and a broader range of devices 
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Opportunities

• New Treatments
• Devices more adaptive than in the past 
• NIPPV for complicated or advanced respiratory disorders exist – patients with higher risk profile
• Use of such devices often requires more proactive, nimble management

• Patients highly reliant on devices

• More rapid disease state change

• New superhighways of patient‐derived data
• Patient assessments and HST data can be remotely and securely scored and routed 
• Advent of usage data on cloud‐based portals augments ability to manage patients remotely 

• Preset triggers to detect who might be struggling

• Not just for CPAP/ BL any longer; ST, IVAPS, AVAPS, Trilogy, Astral available 

• Websites & mobile applications aimed at increased patient‐facing information, tracking, and engagement  

• New models of sleep center proximity, access 
• Remote in‐home testing
• Increasing interest and use of telehealth platforms, remote provider access, etc
• Value based alternative payment models

“New Fitbit Features Deliver Data Previously Only Available Through a Sleep Lab”, https://blog.fitbit.com/sleep‐stages‐and‐sleep‐insights‐
announcement/

Approach

 Remote Data collection
◦ What/ which? And from where?

 Telemonitoring vs telemedicine: principles
◦ Data provided to what/ whom? 

◦ What happens next?

◦ Outcomes?

 Diagnostics and tracking: Consumer health vs medical 
tool?
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Remote PAP Monitoring: “The Cloud”

Industry‐sponsored Portals

 Latest devices have wireless access to remote device data

 Most of the data available from a traditional “download” in clinic:

◦ Hours of usage

◦ Device‐calculated proxies of AHI, leak, ventilation measures, patient‐triggered breaths

◦ In some scenarios, breath‐to‐breath data, leak, and event scoring

 Caution: different manufacturers detect and report  differently 

◦ Stay tuned for sessions at 1:40 and 2:20 today!

 Patients can have access to some/ most of this data via smartphone apps or internet portals

 Also potential for alerts to patient or clinician if problems detected

 Independent outcomes data demonstrating consistent benefits of using patient‐facing 
informatics on adherence to therapy largely absent until recently; also assessed by industry

063



1/14/2019

5

Industry‐sponsored Portals

 Resmed: AirView (web‐based; for provider); MyAir (patient; web‐based 
and/or mobile)

 Phillips Respironics: EncoreEverywhere (web‐based; for provider; 
transitioning to CareOrchestrator in 2019) DreamMapper (patient; web‐
based and/or mobile) 

 Fisher and Paykel: Infosmart Web (web‐based)

Encore is transitioning to Care Orchestrator
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https://airview.resmed.com/resources/welcome‐page/pdf/1018991_airview‐report‐guide_usa_eng.pdf

Resmed AirView

https://airview.resmed.com/resources/welcome‐page/pdf/1018991_airview‐report‐guide_usa_eng.pdf
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Estimation of adaptive ventilation success and failure using polysomnogram and outpatient therapy biomarkers.  Sleep. 2018;41(9). 

Phillips Encore Anywhere

Thomas RJ et al.  Urgent need to improve PAP management: the devil is in two 
(fixable) details. J Clin Sleep Med . 2017;13(5):657–664.

Sleepyhead

 https://sleepyhead.jedi
mark.net

 freeware enables 
review of data on SD 
cards

 flow, pressure, leak, 
inspiratory and 
expiratory times, and 
mean and median of 
respiratory rate, tidal 
volume, and minute 
ventilation
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Remote PAP monitoring: “telemonitoring”

Early 
detection of 
problems

Facilitation of 
appropriate 
interventions

Improve 
early 

experience 

Pepin et al.  Does remote monitoring change OSA management and CPAP adherence? Respirology. 2017 Nov;22(8):1508‐1517. doi: 
10.1111/resp.13183.

Early studies of remote PAP monitoring: depends 
what happens with the data…

The impact of telemonitoring on CPAP 
adherence is dependent on pre‐existing ‘usual 
care’ in the control arm as well as what type of 
intervention is employed based on TM data
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Empowering PAP adherence through patient‐facing telemonitoring
data?

Kuna et al.  Web‐Based Access to Positive Airway Pressure Usage with or without an Initial Financial Incentive Improves Treatment Use in Patients with Obstructive Sleep Apnea  
Sleep. 2015;38(8):1229‐1236. 

Improved adherence when given access to 
website‐based PAP usage data 

Kuna et al.  Web‐Based Access to Positive Airway Pressure Usage with or without an Initial Financial Incentive Improves Treatment Use in Patients with Obstructive Sleep 
Apnea  Sleep. 2015;38(8):1229‐1236. 
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Pairing Telemonitoring and Telemedicine in 
chronic conditions

Telemedicine

 “Delivery of health care services at a distance”, using information and communication 
technology. 
◦ Telehealth: Electronic exchange of medical information to improve a patient’s health status. 

Broader concept than telemedicine.

◦ Telemedicine: A legal patient/clinician encounter using electronic communication.

 Major rationales for introduction: decreased costs, improved efficiency; increased access 
in health care delivery; potential for improved outcomes

 Sleep‐specific rationales:
 Increased opportunities to increase adherence rates in sleep disorder treatment management; 

 OSA – HST; PAP data downloads and feedback

 Evaluation of home environment ‐ assessing sleep dysfunction such as equipment problems, 
aspects of poor sleep hygiene, lighting, etc.
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Methodologies of TM

 Asynchronous telemedicine
◦ Patient and provider are separated by distance and time; information flows in one 

direction at a time

◦ AKA “store and forward” (remote interpretation)

◦ Common:  eg, patient use of email and/or weblogs 

◦ May be patient self‐directed; access to apps and online programs

 Synchronous telemedicine
◦ Real‐time interaction between provider and patient, eg by telephone or video. 

◦ Applications in both acute decision‐making and intermittent, lower‐level management of 
chronic illnesses

◦ Increases access for patients who are either geographically isolated or find local travel 
challenging; improved specialist access

Kelly JM, Schwamm LH, Bianchi MT. Sleep Telemedicine: A Survey Study of Patient Preferences. ISRN Neurology. 2012;2012:135329. Dixon 
RF, Stahl JE. Virtual visits in a general medicine practice: a pilot study. Telemedicine and e‐Health. 2008;14(6):525–530. 

AASM Telemedicine Position Paper

Patient Education
“The Taskforce endorses the use of telemedicine applications for education 
of patients with regard to all aspects of sleep care, including diagnostic tests 
and treatment.”

Follow‐up Visits of Sleep Disorders
“Documentation of therapeutic adherence will be the responsibility of the 
provider who prescribes the initial therapy.”
“In the case of PAP therapies, sleep providers are encouraged to … monitor 
and improve PAP adherence as well as be available for follow‐up visits as 
per current clinical standards…”

Singh J, Badr MS, Diebert W, et al.  American Academy of Sleep Medicine (AASM) position paper for the use of telemedicine for the diagnosis and 

treatment of sleep disorders. J Clin Sleep Med 2015;11(10):1187–1198.
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Sample TM Workflow for Patients with OSA

.  
Singh, J, et al.  Sleep Telemedicine Implementation Guide.  Darien, IL: AASM; 2017;  https://aasm.org/download‐the‐sleep‐telemedicine‐implementation‐guide‐a‐free‐resource‐from‐
aasm/

Potential For Growth in Telemedicine

Telemedicine/ telehealth market remains one of the fastest growing sectors in the overall 
healthcare market.

Market estimated in last 2 years to be valued at $2.8‐25 billion; with a compound annual 
growth rate (CAGR) of 17.85 – 27.5 percent.

While 47.7% of consumers not familiar with the term “telemedicine,” 51.4% have received an 

email of text message from a doctor or clinician. 

“The Brandigo State of Telemedicine Report: Reassessed for 2018;” accessed 5/31/18; http://brandigo.com/brandigo‐pr‐telemedicine‐white‐paper/
Cohen, J.  The Growth of Telehealth: 20 Things to know.  Accessed 5/31/18; https://www.beckershospitalreview.com/healthcare‐information‐technology/the‐growth‐of‐telehealth‐20‐
things‐to‐know.html
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Majority of Sleep Patients Willing to Try TM

Kelly JM et al. Sleep telemedicine: a survey study of patient preferences. ISRN Neurol. 2012;2012:135329.  

Acceptance using Telemedicine Platforms for OSA 
Management

Parikh R et al. Sleep telemedicine: patient satisfaction and treatment adherence. Telemed J E Health. 2011 Oct;17(8):609‐14.

Single center; 
Initial appt in person or via TM
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Equivalent PAP Adherence Using Telemedicine 
Platforms

Parikh R et al. Sleep telemedicine: patient satisfaction and treatment adherence. Telemed J E Health. 2011 Oct;17(8):609‐14.

Feasibility and Acceptance  

 Prospective, parallel‐group randomized pilot study 

 Assessed feasibility of telemedicine for OSA evaluation and management vs. traditional, in‐person care 

 60 Veterans at 3 affiliated VA locations

 Video vs in‐person visit; HST; APAP; phone follow up at 1w; phone (w download) vs. in‐ person at 1m, and 3m

 PAP adherence NS between groups

 ESS improvement NS between groups 

 TM highly accepted in this population 

Fields BG et al. Remote Ambulatory Management of Veterans with Obstructive Sleep Apnea. Sleep. 2016 Mar 1;39(3):501‐9. 
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Access 

 Study at a single VA hospital found telemedicine 
resulted in an average travel savings of 145 miles and 
142 minutes per visit; 

 Patients to take less time off from work, associated 
with high levels of patient satisfaction

Watson NF. Expanding Patient Access to Quality Sleep Health Care through Telemedicine.  
J Clin Sleep Med. 2016 Feb;12(2):155‐6. Russo JE, McCool RR, Davies L, authors. VA telemedicine: an analysis of cost and time savings. Telemed J E Health. 2015. 
Markwick L, McConnochie K, Wood N, authors. Expanding telemedicine to include primary care for the urban adult. J Health Care Poor Underserved. 2015;26:771–
6

clinicaltrials.gov;  ClinicalTrials.gov Identifier: NCT03007745

REVAMP Trial

 VA‐sponsored trial, goal 350 participants

 Randomized, open label

 Access to interactive website Veterans complete intake and follow‐up questionnaires on 
the REVAMP website and perform an unattended home sleep test (HST) without in‐
person instructions. 

 Sleep specialists review the findings with the patient during an initial phone clinic. 

 REVAMP auto‐populates the Veteran's questionnaire responses into templated progress 
notes that are exported to CPRS, the electronic medical record.

 Veterans diagnosed with OSA are treated with APAP 

 Data wirelessly transmitted to the website where treatment use and its effectiveness 
can be monitored by both Veterans and practitioners, thereby promoting patient self‐
management and productive patient‐practitioner interactions.

 Designed to improve access to care, reduce patient wait times, and allow Veterans to 
receive care without travelling to a sleep center.  End point is non‐inferior care
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Hwang D, Chang JW, Benjafield AV, Crocker ME, Kelly C, Becker KA, Kim JB, Woodrum RR, Liang J, Derose SF. 
Effect of Telemedicine Education and Telemonitoring on Continuous Positive Airway Pressure Adherence. 
The Tele‐OSA Randomized Trial.  Am J Respir Crit Care Med. 2018 Jan 1;197(1):117‐126.

Telemonitoring and Telemedicine in OSA 

 N= 1455, mean age 49 ± 12.5 years, RCT
◦ 956 underwent HST

◦ 556 prescribed CPAP

 2 telemedicine interventions were tested:
◦ Web‐based OSA education (Tel‐Ed)

◦ PAP telemonitoring with automated patient feedback (Tel‐TM)

 4‐arm randomized trial
◦ Usual care

◦ Tel‐Ed

◦ Tel‐TM

◦ Tel‐Ed + Tel‐TM

Hwang D, Chang JW, Benjafield AV, Crocker ME, Kelly C, Becker KA, Kim JB, Woodrum RR, Liang J, Derose SF. Effect of Telemedicine Education and Telemonitoring on Continuous Positive 
Airway Pressure Adherence. The Tele‐OSA Randomized Trial.  Am J Respir Crit Care Med. 2018 Jan 1;197(1):117‐126.
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Hwang D, Chang JW, Benjafield AV, Crocker ME, Kelly C, Becker KA, Kim JB, Woodrum RR, Liang J, Derose SF. Effect of Telemedicine Education and Telemonitoring
on Continuous Positive Airway Pressure Adherence. The Tele‐OSA Randomized Trial.  Am J Respir Crit Care Med. 2018 Jan 1;197(1):117‐126.

Hwang D, Chang JW, Benjafield AV, Crocker ME, Kelly C, Becker KA, Kim JB, Woodrum RR, Liang J, Derose SF. Effect of Telemedicine Education and Telemonitoring
on Continuous Positive Airway Pressure Adherence. The Tele‐OSA Randomized Trial.  Am J Respir Crit Care Med. 2018 Jan 1;197(1):117‐126.
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Results

 Usage was significantly higher in the Tel‐TM and Tel‐both groups 
versus usual care (P = 0.0002 for both) but not for Tel‐Ed (P = 0.10)

 CPAP telemonitoring with automated feedback messaging 
improved 90‐day adherence in patients with OSA. Telemedicine‐
based education did not significantly improve CPAP adherence 
but did increase clinic attendance for OSA evaluation.

 The improvement was observed without requiring additional 
provider intervention.

Woehrle H, Arzt M, Graml A, Fietze I, Young P, Teschler H, Ficker JH. Effect of a patient engagement tool on positive airway pressure adherence: analysis of a 
German healthcare provider database.  Sleep Med. 2018 Jan;41:20‐26.

Enhancement of TM using patient‐facing apps

 Retrospective study funded by Resmed

 Patients initiated PAP therapy between 2009‐2014

 Managed either using telemedicine (AirView™; “proactive care” group) or telemedicine 
+ patient engagement app (AirView™ + myAir™; “patient engagement”) 

 Proactive care:  homecare provider telephoned patients if compliance during the first 2 
weeks of PAP therapy fell below the required level (<4 h/day). 
◦ 2 weeks ‐ 6 months: patients were telephoned again if continued periods of no or low usage were 

identified from telemonitoring data. 

◦ 6 months+:  patients were notified via telephone call or letter if telemonitoring data showed that 
PAP device usage dropped significantly or did not reach the required threshold (average of 4 
h/night). 

◦ When contacted, patients were provided with detailed information on use of their PAP therapy 
device and management of side effects (eg, upper airway dryness, pressure, etc).
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Woehrle H, Arzt M, Graml A, Fietze I, Young P, Teschler H, Ficker JH. Effect of a patient engagement tool on positive airway pressure adherence: analysis of a 
German healthcare provider database.  Sleep Med. 2018 Jan;41:20‐26.

Data at 180 days of therapy

Patient‐facing interventions alone?
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Resmed Active Patient Engagement

Malhotra A et al. Patient Engagement Using New Technology to 
Improve Adherence to Positive Airway Pressure Therapy: A 
Retrospective Analysis. Chest. 2018 Apr;153(4):843‐850.

 Retrospective;  128,037 pts analyzed

 APE = MyAir

 MyAir score, usage based praise, badges, etc

 Tips on making PAP more comfortable

 Personalized coaching and reinforcement sent via 
email 

 Increase self management reward success, resolve 
basic issues

 Primary outcome: % compliance in first 90 days

Malhotra A et al. Patient Engagement Using New Technology to Improve Adherence to Positive Airway Pressure Therapy: 
A Retrospective Analysis. Chest. 2018 Apr;153(4):843‐850.

Adherence: APE 87.3% vs UC 70.4%
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Hardy et al.  A Mobile Application and website to engage sleep apnea patients in PAP therapy and improve adherence to 
treatment.  Phillips Respironics White Paper, 2016.

DreamMapper

N ~ 173,000 pts

 PAP with DreamMapper vs not

 90‐day compliance 78% (vs 63%)

 Average usage 1.1 hours longer

Consumer health space and diagnostics?
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The Saturday Essay 

The Future of Medicine Is in Your Smartphone: New tools are tilting health‐care 
control from doctors to patients  By Eric J. Topol Jan. 9, 2015

Is the future of medicine a smartphone?

Ishida R, Yonezawa Y, Maki H,  et al.: A wearable, mobile phone‐based respiration monitoring system for sleep apnea syndrome detection. Biomed Sci Instrum. 
2005; 41: 289–93.

Advancement of Consumer‐facing tools 

• Use of smartphone to detect OSA for almost 15 
years

• Ever‐growing number of consumer devices in the 
sleep space

• Smartphones: fast processing, ability to monitor 
ambient light and noise, accelerometery, low cost 
oximetry probes (HR and O2 sat) – requires beat to 
beat processing
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Ex: Smartphone applications to track sleep 
without external sensors: gimmicks?

Penzel T, Schöbel C and Fietze I. New technology to assess sleep apnea: wearables, 
smartphones, and accessories [version 1]. F1000Research 2018, 7:413.
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Rosen IM, Kirsch DB, Carden KA, Malhotra RK, Ramar K, Aurora RN, Kristo DA, Martin JL, Olson EJ, Rosen CL, Rowley JA, Shelgikar AV; American Academy of Sleep Medicine Board of 
Directors. Clinical use of a home sleep apnea test: an updated American Academy of Sleep Medicine position statement. J Clin Sleep Med. 2018;14(12):2075–2077.

Maintains:

 Only a license practitioner 
can diagnose a medical 
condition

 HSTs should not be used 
for screening the 
asymptomatic 

 Diagnosis should not be 
made solely on 
automatically scored HST; 
raw data must be 
reviewed by BC sleep MD 
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Pepin et al.  Does remote monitoring change OSA management and CPAP adherence? Respirology. 2017 Nov;22(8):1508‐1517. doi: 
10.1111/resp.13183.

Integrating new tools into a Patient‐Centered 
Approach

Thomas R., Sleep Medicine 16 (2015) 1582–1583

Summary

“It is ironic that the least complex and most healthy individuals get the maximum oversight – CPAP compliance 

is vigorously tracked in OSA patients, with a pathologically obsessive fixation on four hours of use per night 

regardless of severity, comorbid illnesses, or native sleep times, and the device “taken away” if adequate use is 

not demonstrable. Biological and clinical efficacies are nearly irrelevant. Patients in respiratory failure can 

obtain a bilevel ventilator with no polysomnographic data or long‐term tracking requirements... In this day and 

age, our management should be data driven – clinical and device, of the highest quality and resolution, and 

dynamically tracked (over time). Blind assumptions of device efficacy raise the likelihood of harm. Once we try 

to manipulate respiratory drive and rhythm, adaptive and maladaptive outcomes are possible and readily 

recognizable, if the raw data are reviewed and analyzed.”
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Thank you!
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Utility of the In Lab Polysomnogram in a New 
Era of Home Sleep Testing

California Thoracic Society – 2019

Won Y. Lee, MD
Associate Professor, Division of Pulmonary and Critical Care Medicine
Medical Director – Clinical Center for Sleep and Breathing Disorders Center
University of Texas Southwestern Medical Center
Dallas, Texas

I have no financial disclosures to declare.
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Topics to cover

• The past

– The history of home sleep apnea testing

• The present 

– How home sleep apnea testing affects clinical practice

• The future

–What will happen to the sleep laboratory?

Topics to cover

• The past

– The history of home sleep apnea testing

• The present 

– How home sleep apnea testing affects clinical practice

• The future

–What will happen to the sleep laboratory?
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How is a home sleep study, similar to a Tesla?

How is a home sleep study, similar to a Tesla?

• CARB (California Air‐Resources Board)
– 1990
– Zero‐emissions vehicle (ZEV) mandate 

• Required major automobile suppliers to offer electric vehicles in 
order to continue gasoline powered vehicles

• General Motors – EV1 

• CARB was subsequently REVERSED
– WHY?

• Practical reasons
– American consumers
– Batteries

• Relentless pressure 
– Automobile manufacturers
– Oil industry
– Political pressure
– Financial ?

Sony Pictures Classics.  2006. 
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How is a home sleep study, similar to a Tesla?

Lee WY et al. Expert Rev Respir Med. 2008 June 1; 2(3): 349–364

History of sleep testing

Hirshkowitz, M.  Polysomnography Challenges. 
Sleep Med Clin 11 (2016) 403‐411.
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Home sleep testing

www.healthcare.philips.com

Chest 1993;104:19‐25. 

1993
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1992 and 2003

AASM ‐ 2007

STEP 1
High Pretest Probability
for moderate to 
severe OSA

YES  Portable 
Monitoring

STEP 2
“Other diagnosis?”
Other sleep disorders
Other medical problems

YES  In‐lab PSG
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2007
• High pretest probability

– Group 1: PSG 

– Group 2: AUTO CPAP (no diagnostic)

– Similar PAP adherence rates

Trials comparing home vs. lab testing

Study
Study	design

Number of
patients

Exclusion Methods Outcomes
Time	points

Berry RB et al
Sleep. 2008 31(10): 1423-1431.

Randomized, prospective
Single center – VA Medical 
Center
University of Florida

53 patients – LAB

53 patients – HOME

* High likelihood

CHF (moderate-severe)
COPD (moderate-severe)
Oxygen therapy
Neuromuscular disease
Logistical limitations
Uncontrolled psychiatric disorder

LAB - attended diagnostic and CPAP titration 
studies

HOME – level 3 device – WatchPAT100 
(peripheral arterial tone, heart rate, pulse 
oximetry, actigraphy)

No difference in nightly CPAP 
adherence, sleepiness 
severity, quality of life, CPAP 
satisfaction at 6 weeks

Skomro RP et al
Chest 2010 138(2): 257-263.

Randomized, prospective 
Single center
University of Saskatchewan

51 patients – LAB

51 patients – HOME

* High likelihood

Respiratory or heart failure
Oxygen therapy
Another suspected sleep disorder
Safety sensitive occupation
Pregnancy

LAB – attended diagnostic and CPAP titration 
study, split study if indicated

HOME – level 3 home test, Embletta, 
followed by 1 week of auto CPAP

No difference in sleepiness 
scores, quality of life, blood 
pressure, or CPAP adherence 
at 4 weeks 

Kuna ST et al
AJRCCM. 2011. 183(9): 1238-
1244

Randomized, prospective
2 centers – VA Medical Centers

148 patients – LAB

148 patients –
HOME
* High likelihood

Less restrictive approach LAB – attended diagnostic and CPAP titration 
study, split study if indicated

HOME – level 3 home test, Embletta, 
followed by AUTO CPAP then fixed CPAP

No difference in functional 
outcomes of sleep 
questionnaire, CPAP 
adherence at 3 months

Rosen CL et al. SLEEP. 
2012;35(6):757‐767

Randomized, open-label, 
parallel group, unblinded, 
multicenter trial
7 sleep centers – Academic 
Centers

186 patients  - LAB

187 patients-
HOME

* High likelihood

Respiratory or heart failure
Oxygen therapy
Neuromuscular diseases
Uncontrolled psychiatric disorder

LAB – attended diagnostic study and CPAP 
titration study

HOME – home sleep testing and home auto 
CPAP titration

No difference - acceptance of 
PAP therapy, titration 
pressures, effective titrations, 
time to treatment

3 month PAP adherence was 
higher in the HOME arm
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Topics to cover

• The past

– The history of home sleep apnea testing

• The present 

– How home sleep apnea testing affects clinical practice

• The future

–What will happen to the sleep laboratory?

The Present –
AASM ‐ 2017 

• Updated Clinical Practice Guideline
– Task Force, good practice for appropriate 

and effective diagnosis of OSA
– Uncomplicated adults with signs and 

symptoms of moderate to severe OSA 
PSG or HSAT

– If HST is negative, inconclusive, technically 
inadequate, PSG should be performed

– Attended PSG recommended:
• Significant cardiopulmonary disease
• Respiratory muscle weakness due to 

neuromuscular condition
• Sleep related hypoventilation
• Chronic opioid usage
• History of stroke
• Severe insomnia
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Patient CN – August 2018

• 55 year old female
– BMI 35

– Snoring, chronic rhinosinusitis

• HST
– AHI 39, LOS – 82%

– Time < 88% for 9.4 minutes

• What’s the next best treatment 
approach?

A) AUTO CPAP prescription

B) PAP titration in the sleep laboratory?
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Letter – denial from insurance

• Your doctor is requesting a sleep study in a sleep facility to determine the 
pressure settings on a CPAP machine to treat your sleep condition.

• Based on available information sent in, you do NOT have any medical conditions 
that prevent you from having this sleep study in your home.   

• These conditions include significant or unstable heart or lung disease, special nerve or muscle 
disease

• Therefore the request for a study (95811) does NOT meet your health plan’s 
coverage criteria.

• This service is NOT medically necessary, so it is NOT covered by your plan.

• Sleep testing can be done in a home setting using an auto‐adjusting sleep 
breathing machine.
– Please speak to your doctor who can arrange a home sleep auto PAP study.

COVERAGE for in‐facility PSG (95810)

http://help.carecentrix.com/ProviderResources/Cigna%20Medical%20Coverage%20Policy.pdf
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Cigna – COVERAGE for in‐facility SPLIT (95811)

http://help.carecentrix.com/ProviderResources/Cigna%20Medical%20Coverage%20Policy.pdf

Cigna – COVERAGE PAP titration (95811)

http://help.carecentrix.com/ProviderResources/Cigna%20Medical%20Coverage%20Policy.pdf
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Clinic Follow Up – November 2018

• 55 year old female

– HST
• AHI 39

• Desats to 88% for 9.4 minutes

– Denied PAP titration study
• AUTO CPAP ordered

• Clinic follow up 

– Feels less fatigued

– Resolved daytime sleepiness

– Tolerating nasal pillows well 
(despite rhinosinusitis)
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Trends – 2018 versus 2015

• HST volume has markedly increased
– 47% increase

• In lab sleep volume has stayed the same, but 
with more complicated patients
– LVAD, PD, PH, Neuromuscular
– Training for complex cardiopulmonary disorders 

must be emphasized

• Clinic
– Increase by 40%

• More FTE allocated day staff
– More time with insurance companies
– Appeals and denials of PSGs
– More staff for set ups of HSTs

• DME companies
– More dependence on their care for set ups of AUT

titrating devices and appropriate mask interfaces

• Clinical care
– Marked INCREASE in AUTO titrating devices

– Clinicians
• Fingers crossed approach
• Marked increase in oximetry testing

– CPAP adherence rates in this new model, likely 
similar but “to be determined”
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The case for HST 
Weight loss/bariatric surgery clinic referrals

70% “positive” rate

Ravesloot MJ et a. Eur Arch Otorhinlaryngol. 2012; 269 (7):1865‐1871

Severe OSA

• 51 year old man
– Obesity, Hyperlipidemia, Diabetes

• HST
– AHI of 96

– Time < 88% for 433 minutes

• Question
– A) AUTO CPAP

– B) PAP titration in the sleep lab
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PAP in lab titration study

Compliance Summary

• 96% usage

• 6 hours and 21 minutes

• 90% pressure 

– 12 cm H2O

• Residual AHI of 4.7

101



1/14/2019

16

Topics to cover

• The past

– The history of home sleep apnea testing

• The present 

– How home sleep apnea testing affects clinical practice

• The future

–What will happen to the sleep laboratory?
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The Future?

Hirshkowitz, M.  Polysomnography Challenges. 
Sleep Med Clin 11 (2016) 403‐411.

Reality of sleep testing

• “The vast majority of clinical PSG recordings were made to either 
diagnose sleep disordered breathing disorders or titrate positive 
airway pressure.”

• Clinic diagnosis
– Circadian disorders

– Insomnia disorders

– Narcolepsy with/without cataplexy   *** MSLT

– Parasomnias

– Restless legs syndrome/ PLMS           *** PSG
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HST 
No OSA, hypoxemia

• 66 year old man, BMI 40, suspected OSA, polycythemia

• HST
– AHI 2.55
– 325 minutes  time less than 88%, average SpO2 86%

• Attended PSG 
– AHI was 3
– Hypoxemia was confirmed 

• Diagnosis: emphysema, secondary polycythemia, Tx: supplemental oxygen

The Future of Sleep Apnea Care

1. HST is here to stay and the technology will only get better.
– “Home sleep testing cannot be replaced into Pandora’s box.”  

• Doug Kirsch, MD – JCSM 2013.

– Advancements in technology to simplify diagnostic testing will emerge
• Wireless technology, less intrusive monitoring, biomedical sensors

2. The biggest challenge will be maintaining QUALITY of care
– Quality of diagnostic testing, review of raw data
– Who will differentiate a “true test” from a “false test?”
– Who will make sure of TECHNICAL failures?

3. AUTO titrating devices are here to stay
– Technology will improve
– MORE DME involvement
– Oximetry testing will markedly increase (incorporate with AUTO devices?)
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The Future of Sleep Apnea Care

4.    A diagnostic attended PSG is really needed for…
– Physically or mentally impaired patients who CAN’T do an HST
– Patients with advanced cardiopulmonary diseases where oxygenation is an issue
– Narcolepsy evaluation, combined with MSLT
– Parasomnias – RBD or pseudo RBD
– Insomnia – psychophysiologic insomnia, paradoxical insomnia, an alternative diagnosis

5.    A PAP attended titration study is really needed for…
– Complicated cardiopulmonary patients (oxygen, high levels of PAP, tracheostomy, 

hypoventilation)
– Inadequate response to AUTO PAP therapy
– Hypoglossal nerve titrations
– Neuromuscular patients – titrations

The Future of Sleep Apnea Care

6. Who will serve as the stewards of sleep care?

– Beyond sleep apnea
• Narcolepsy, circadian disorders, insomnia, RLS, parasomnias

– Sleep trained clinicians  FELLOWSHIPs
• Internal medicine/sleep
• Family medicine/sleep
• Pediatrics/sleep
• Medicine Pediatrics/sleep
• Psychiatry/sleep
• Pulmonary/sleep – adult and pediatrics
• Neurology/sleep

– Advanced practice providers
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Utility of the In Lab Polysomnogram in a New 
Era of Home Sleep Testing

California Thoracic Society – 2019

Won Y. Lee, MD
Associate Professor, Division of Pulmonary and Critical Care Medicine
Medical Director – Clinical Center for Sleep and Breathing Disorders Center
University of Texas Southwestern Medical Center
Dallas, Texas

I have no disclosures to declare.

Question

• Which of the following cases is MOST LIKELY to be declined by insurance for an attended 
diagnostic sleep study?

– A. 65 year old man with advanced COPD on 3 LPM supplemental oxygen

– B. 54 year old female with neuromuscular disease leading to restrictive physiology

– C. 59 year old man with early onset dementia

– D. 59 year old female with advanced pulmonary hypertension on supplemental oxygen therapy

– E. 35 year old female with non‐ischemic cardiomyopathy with an ejection fraction of 28%
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Question

• A 55 year old female undergoes a home sleep study revealing 
an AHI of 39, lowest oxygen saturation of 82% and time <  88% 
for 9.4 minutes.   

• Which of the following is the next best treatment approach?

• A. AUTO CPAP prescription and clinic follow up 

• B. PAP titration in the sleep laboratory and clinic follow up
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Sleep Disordered Breathing in
Neuromuscular Disease

Won Y. Lee, M.D.

Associate Professor, Division of Pulmonary and 
Critical Care Medicine
University of Texas Southwestern Medical Center
Dallas, Texas

I have no financial disclosures to 
declare. 
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Traditional Management of Patients 
with Neuromuscular Diseases

• Sleep medicine specialists 

– have expertise to  IMPROVE quality of life 

– can also make mistakes to WORSEN quality of life 

NM 
Patient
NM 

Patient

NeurologyNeurology

PulmonaryPulmonary

Sleep 
Medicine?

Sleep 
Medicine?

Outline

• Overview of neuromuscular diseases

• Physiologic testing

• Restrictive physiology and impaired forces

Neuromuscular

Disorders

(NMD)

• How to qualify for a respiratory assist device?

• The Polysomnogram – Friend or Foe?

• The double edged sword

Noninvasive 
Ventilation

(NIV)

• Practical pearls and lessons learned

• “With great power, comes great 
responsibility”

Longitudinal 
Management
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Outline

• Overview of neuromuscular diseases

• Physiologic testing

• Restrictive physiology and impaired forces

Neuromuscular

Disorders

(NMD)

• How to qualify for a respiratory assist device?

• The Polysomnogram – Friend or Foe?

• The double edged sword

Noninvasive 
Ventilation

(NIV)

• Practical pearls and lessons learned

• “With great power, comes great 
responsibility”

Longitudinal 
Management

The Nerves and Muscles in NMD

• Motor, not sensory dysfunction

• Neuropathies
– Guillain‐Barre syndrome

• Acute inflammatory 
demyelinating polyneuropathy

• Molecular mimicry/autoimmune
• Injury/loss of myelin sheath

– Myelin  coils around nerve

• Anterior horn cell 
– Poliomyelitis (infection)

• Myoneural junction
– Myasthenia gravis (antibodies)

• Myopathies
– Muscular dystrophy 

Bach JR. Guide to the Evaluation and
Management of Neuromuscular Disease. 1999.
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Muscular 
Dystrophy

• Duchenne muscular dystrophy  
– X‐linked.  
– 1 in 3600‐6000 live male births.  
– Mutation leading to absence of 

dystrophin protein

• Proximal muscle weakness
– Age 5 initial symptoms 
– Age 13 Most require 

wheelchair before their teenage 
years

– Late teens/early 20’s 
Respiratory failure

– Cardiomyopathies

Bushby K et al. Lancet Neurol 2009; published online Nov 
30. DOI:10.1016/S1474‐4422(09)70271‐6. 
http://www.cdc.gov/ncbddd/musculardystrophy/

Amyotrophic Lateral Sclerosis (ALS)
Lou Gehrig’s Disease

• Lou Gehrig
– 17 seasons –NY Yankees
– 2130 consecutive games

• 1938/1939 season 
– Tired, decreased coordination, lack of power, 

muscle atrophy, batting average (.143)

• Went to Mayo Clinic in 1939
– Diagnosed with ALS
– July 4, 1939  retired/speech 

• “Fans, for the past two weeks you have been 
reading about the bad break I got. Yet today I 
consider myself the luckiest man on the face of 
the earth”

• Died in 1941, at age 37 from ALS
Brennan F. Am J Hosp Palliat Care. 2012: 29(7): 512‐4
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Amyotrophic Lateral Sclerosis
• Most cases are sporadic (90%)

– 10% are familial
– Median survival of 3 to 5 years 

• Relentless, progressive, and incurable

• All races, age 40‐75, Men > women
– Adult onset, progressive
– Incidence  1 to 3 cases/100,000 persons
– Prevalence  2.7 to 7.4 persons/100,000 

• Idiopathic degeneration of cells of 
– motor cortex
– anterior horn 
– corticospinal tracts
– corticobulbar tracts

• Pathologic inclusions

• UMN
– Slowness, hyperreflexia, spasticity
– Degeneration of frontal motor neurons

• LMN
– Progressive muscle weakness and muscle wasting
– Fasciculations

Why pulmonologists need to know…

• Severe restrictive physiology
– Progressive dyspnea

• Need for ventilatory support
– Acute Guillain Barre Syndrome

• 20‐30 %

– Myasthenia gravis 
• 15‐28 % 

– ALS 
• most will die from progressive 
respiratory failure Sharshar T et al. Crit Care Med. 2003:31:278.

Mehta S. Respir Care. 2006;51:1016.

Durand MC et al. Lancet Neurol. 2006;5:1012.
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NMD Weakened Inspiratory Muscles
• Diaphragm, external intercostels, 

scalene, sternocleidomastoid, 
trapezii

– Dyspnea, orthopnea, rapid shallow 
breathing

• Low Vt and increased RR to maintain 
alveolar ventilation

– Use of accessory muscles
• Abdominal paradox (inward motion 

of abdomen during inspiration)

– Hypercarbia, hypoxemia
• Alveolar hypoventilation
• Atelectasis

– Nocturnal hypoventilation 
• Fatigue, impaired cognition, choking

West JB. Respiratory physiology: the essentials. 5th Ed. 
Williams & Wilkins, 1995.

ALS and Respiratory System

Braun AT, Caballero‐Eraso C, Lechtzin N. Clin Chest Med 39 (2018) 391‐400.

116



1/14/2019

7

Physiologic Evaluation In NMD

• Reason?

– Quantify respiratory muscle 
weakness

– Evaluate cough effectiveness

– Identify those who need 
ventilatory support

• Tools

– FVC and MIPs/MEPs

ATS/ERS Statement on Respiratory Muscle Testing. 2002

Why restrictive physiology on PFTs?

• IRV is reduced   due to weak inspiratory muscles 

• ERV is reduced   due to weak expiratory muscles 
– Therefore VC is reduced (VC = IRV + TV + ERV)

– RV is ELEVATED

• FVC in the supine position is ~ 10% lower than upright
– Can drop between 12 and 65% in NM disease patients.
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MIP/MEPs

• Mechanical pressure gauge connected to a mouthpiece
• Electronic devices available

• Should have a small hole (1mm diameter and 20‐30 mm in length) which 
allows an air leak.
– Prevents patient from generating pressure by using cheek muscles

ATS/ERS Statement on Respiratory Muscle Testing. 2002

Reference Ranges 
for MIP/MEP
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Outline

• Overview of neuromuscular diseases

• Physiologic testing

• Restrictive physiology and impaired forces

Neuromuscular

Disorders

(NMD)

• How to qualify for a respiratory assist device?

• The Polysomnogram – Friend or Foe?

• The double edged sword

Noninvasive 
Ventilation

(NIV)

• Practical pearls and lessons learned

• “With great power, comes great 
responsibility”
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Management

Respiratory 
muscle 

weakness

Noninvasive

Negative 
pressure 
ventilation

Positive pressure 
ventilation

Invasive Tracheostomy

Palliative 
Measures
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Negative Pressure Ventilation (NPV)
The Iron Lung

• Replicates and augments normal 
spontaneous breathing 
– Negative (subatmospheric) 

pressure 
– Rotary pumps placed 

• Causes thoracic expansion, 
pressure gradient

• Poliomyelitis epidemic
– Copenhagen in 1952

• Paralysis, of the legs, arms and 
respiratory muscles 

– 31 patients, 27 died 
• Within 3 days despite negative 

pressure ventilation. 

West JB. J Appl Physiol 2005;99:424-432

Positive Pressure Ventilation

• Patient 32 (12 year girl)
– Dr. Bjorn Ibsen

• tracheostomy
• positive pressure 
ventilation 

• manual pressure from a 
rubber bag   

• Up to 1500 medical and 
dental students

• 6‐8 hour shifts around 
the clock to deliver 
positive pressure 
ventilation

West JB. J Appl Physiol 2005;99:424-432
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Noninvasive Positive Pressure 
Ventilation (NPPV)

• Task Force  evidence and consensus‐based standardized NPPV titration guidelines 

• Chronic Alveolar Hypoventilation syndromes secondary :
– central respiratory control disturbances (CRCD)
– restrictive thoracic cage disorders (RTCD)  scoliosis
– neuromuscular diseases (NMD)
– obesity hypoventilation syndrome (OHS)

Berry, RB et al.  J Clin Sleep Med 2010;6(5):491‐509. 

Survival Benefit for use of NIPPV in ALS

Muscle Nerve. 2012; 46: 313–331.
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NIV improves ALS survival
in those with preserved bulbar function

• ALS patients
– Randomized 

• NIV (22 patients) vs. no ventilation (19)

– Orthopnea, MIP < ‐ 60, or symptomatic 
hypercapnia

– NIV improved quality of life, sleep quality, and 
survival mostly in ALS patients without bulbar 
disease

• Increased survival by 205 days

– Good bulbar function  9.3 hours per day
– Poor bulbar function  3.8 hours per day

– Settings?
• Average IPAP of 15 cm H2O
• Average EPAP of 4 cm H2O

Bourke SC et al.  Lancet Neurol. 2006;5:140‐7.

Why does optimal NIPPV 
titration matter?

• Preserve quality of life
– Maintain ability to communicate
– Improve sleep quality

• Reduce morbidity
– Decrease carbon dioxide
– Avoids morbidity involved with tracheostomy

• Reduce mortality
– Extend duration of life

Berry, RB et al.  J Clin Sleep Med 2010;6(5):491‐509. 
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Do we need a DIAGNOSTIC sleep study 
to facilitate initiating a RAD for NMD?

• Common phone call

– “I have a patient with a diagnosis of a NMD (ALS, muscular 
dystrophy, etc…) and hypercapnic respiratory failure.”

– “The patient has done GREAT on bilevel PAP in the 
hospital.”

– “I am told that the patient needs a diagnostic attended 
polysomnogram to get his bilevel PAP device.”

– True or False?

Bilevel PAP Devices

www.medicare.gov
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Why is a sleep study NOT
needed to initiate NIV?

www.medicare.gov

Survival Benefit for use of NIPPV in ALS

Muscle Nerve. 2012; 46: 313–331.
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NORMAL SUBJECTS

Changes in minute ventilation, 
tidal volume,
and respiratory rate in:

• NREM
• REM
• Tonic REM
• Phasic Rem

Is a sleep study needed?

• “…daytime respiratory function has 
greater prognostic  value than nocturnal 
measurements.”

• In comparison to daytime lung function 
[and symptoms], 

• nocturnal measurements are 
surprisingly WEAK predictors of 
survival.

• There is NO evidence that sleep studies 
improve the selection of subjects for NIV 
over and above symptoms and daytime 
respiratory function.
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A diagnostic sleep study is NOT 
needed to initiate NIV therapy

– “…daytime respiratory function has greater prognostic  
value than nocturnal measurements.”

– Confirmed NMD Diagnosis AND one of the following…
• PaCO2 > 45 mm Hg
• SpO2 < 88% for 5 consecutive minutes (min 2 hour recording)
• FVC < 50%
• MIP < ‐ 60

• These patients can EITHER:
– DIRECTLY obtain a respiratory assist device
– Go DIRECTLY to the sleep laboratory or hospital for optimal 
titration

Bourke SC and Gibson, GJ.  Eur Respir J. 2002; 19:1194‐1201.
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Clinical Case #1 

• 37 F with limb girdle muscular dystrophy. 
– Wheelchair limited. Marked dyspnea.
– FVC 19% and MIP – 17

• Evaluated by a pulmonary/sleep specialist
– Diagnosed with mild sleep apnea (AHI 5.1)
– Titrated, then retitrated to CPAP 19 cm H2O

• Choking, suffocating, dyspnea is markedly worse.

• We switched her from CPAP to NIV during 
nighttime and daytime mode ventilation
– Marked improvement in quality of life

Clinical Case #2 
• 35 F, diagnosed with bulbar ALS early this year and referred to 

discuss ventilation options. 
– She is getting more dyspneic and rapidly weakening. 

• Spirometry and forces
– FVC  45% 
– MIP  ‐20

• ABG
– pH 7.32, PaCO2 55mm Hg, and PaO2 of 62 mm Hg

• She had a diagnostic sleep study 8/1/17
– "poor sleep efficiency, AHI of 1.5, no sleep related breathing disorder" 

so unfortunately it wasn't super helpful. 

• Can you help?
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Clinical Case #3 
• 51 year old female 

• Shrinking lung syndrome, SLE

• Gradual dyspnea  
– FVC  27%

– MIPs  ‐42   

– 2 diagnostic  PSGs 
• Both showed an AHI < 5  

• Which of the following is the next appropriate step?
– A. Repeat a 3rd diagnostic sleep study

– B. Order oxygen, she is not a candidate for noninvasive ventilation (NIV)

– C. Order a bilevel PAP with back up rate at settings of 8/4 cm H2O with a 
rate of 10 and gradually increase as tolerated

– D. Order a bilevel PAP in AVAPS mode

– E. Perform a titration sleep study using bilevel PAP with back up rate to 
meet patients’ respiratory needs

A diagnostic sleep study is NOT 
needed to initiate NIV therapy for NMD

– “…daytime respiratory function has greater prognostic  
value than nocturnal measurements.”

– Confirmed NMD Diagnosis AND one of the following…
• PaCO2 > 45 mm Hg
• SpO2 < 88% for 5 consecutive minutes (min 2 hour recording)
• FVC < 50%
• MIP < ‐ 60

• These patients can EITHER:
– DIRECTLY obtain a respiratory assist device
– Go DIRECTLY to the sleep laboratory or hospital for optimal 
titration

Bourke SC and Gibson, GJ.  Eur Respir J. 2002; 19:1194‐1201.
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NMD and Sleep Medicine

• Strengths

– Expertise in noninvasive 
ventilation

• Synchrony to optimize 
sleep quality, ventilation, 
and oxygenation

– Expertise in mask 
interfaces

– Compliance monitoring

• Pitfalls of sleep medicine

– The current state of sleep 
medicine training, does not 
focus on NMD patient 
population

• Excess focus on OSA

– Complexities of respiratory 
physiology

Lessons Learned
Protocols and equipment to accommodate 

for NM patients in the sleep lab

– Hospital bed
• 2 of our beds

– Hoyer lift
– Suction 
– Supplemental O2
– Call system

– Accommodations 
for a care giver

– Technical expertise
• RRT and RPSGT
• 1:1 if needed 

129



1/14/2019

20

Goals of NIV 

1. Decrease work of breathing

2. Optimize ventilation and 
oxygenation

3. Tolerance to NIPPV
– Minimize mask leakage
– Good sleep quality

Berry, RB et al.  J Clin Sleep Med 2010;6(5):491‐509. 

• Start 8/4 cm H2O

• Increase IPAP to 
augment tidal 
volume

• Goal tidal volume of 
8‐10 mL/kg
– Ideal body weight

• Example 
– 15/5 cm H2O
– TV ~600 mL

Berry, RB et al.  J Clin Sleep Med 2010;6(5):491‐509. 
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BPAP ST 
Mode

• BPAP S
– Spontaneous mode

• BPAP ST
– NPPV in the spontaneous‐

timed (ST) mode provides a 
backup rate to ensure a 
minimum respiratory rate

– For example, if the back‐up 
rate is 10 bpm, the time 
window following the 
previous breath is 6 
seconds. 

– If a spontaneous breath 
does not occur, the device 
provides a machine 
triggered breath.

Achieve Muscle Rest

• Bipolar electrodes
– Surface diaphragm electrodes

• 2 electrodes, 2 cm apart horizontally in 7‐8th

intercostal spaces in right anterior axillary line 
(reduce EKG artifact)

– Sternocleidomastoid muscles
– Right parasternal intercostal muscles

• 2nd and 3rd intercostal spaces in mid‐clavicular line
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Initial settings
Bilevel PAP 8/4 cm H2O with rate 16

Better settings
Reduction in accessory muscle use
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Suboptimal – Bilevel 8/4 with rate 10
Irregular breathing, low tidal volumes…

Optimal – bilevel 16/5 rate 20
Regular breathing and better tidal 

volumes…
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Pearl
Not all NMD can tolerate NIPPV

• Bulbar disease

• May trigger vocal cord spasm

• Sialorrhea

• Suboptimal mask fit, poor seal

• Claustrophobia

• Myotonic dystrophy 

• Weakened upper extremity strength, inability to remove 
mask

Benditt JO.  Semin Respir Crit Care Med 2002;23:239‐47. 

Clinical Case 

• 32 year man
• Myotonic

dystrophy
• FVC  82%
• MIP  ‐ 54

• Poorly tolerated 
bilevel PAP
– Poor sleep 

efficiency
– Severe 

desaturations 
– No REM
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Pearl
NM patients may require several 

interfaces

• Interface needs
– Daytime
– Nighttime
– Chin straps may be necessary

• Sleep clinics/labs have 
access to a wide variety of 
interfaces
– “creativity”

Nava S and Hill N.  Lancet. 2009;374:250‐259

Why I like the sleep lab for NM 
titrations?

52 year old man
ALS
FVC 28%
MIP – 8 cm H2O

On BIPAP at settings of
10/5 with a rate of 10

Sleep stages
IPAP
EPAP
Rate
Sternocleidomastoids
Tidal volumes

Height 69 inches
Male
8 cc/kg = 566 mL
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Mask adjustments

Tidal volumes
360 mL

Mask switch

Adjustment in
Back up rate
Respiratory rate

Hypopneas
Higher EPAP

Tough
Case

Technical comments

Sternocleidomastoids
Reduce the work of breathing
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Another Challenging Case

• Bilevel PAP 17 / 5 cm H2O

– Rate of 12

– Tidal volumes of 260‐320 
mL

• Hypoxemic 

– Needed 2 LPM oxygen

Outline

• Overview of neuromuscular diseases

• Physiologic testing

• Restrictive physiology and impaired forces

Neuromuscular

Disorders

(NMD)

• How to qualify for a respiratory assist device?

• The Polysomnogram – Friend or Foe?

• The double edged sword

Noninvasive 
Ventilation

(NIV)

• Practical pearls and lessons learned

• “With great power, comes great 
responsibility”

Longitudinal 
Management
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Lessons Learned
Assessment of compliance data is 

important

• Hours of usage

• Physiologic data
– Respiratory rate

– Tidal volume

– Patient triggered 
breaths

• Sleep clinics have 
expertise in 
obtaining this data

Last Case 
We have work to do….

• 31 year old female with muscular dystrophy, scoliosis

– Seen in our sleep and breathing clinic for a 2nd opinion
• 4 months ago prior – outside hospital 

– Dyspnea, ABG: pH 7.25, PaCO2 of 87, SpO2 70%. 
– Treated with NIV, improved

• Discharged with a ResMed ASTRAL device on iVAPS mode

– She used iVAPS consistently, until she saw a neurologist 
who decided to perform a diagnostic sleep study   

• Diagnosed with mild OSA and switched to an auto CPAP
– Last 3 weeks and her 95th percentile pressure is ~ 16.7 cm H2O. 

– FVC of only 37% and an MIP of only ‐42

138



1/14/2019

29

Traditional Management of Patients 
with Neuromuscular Diseases

• Sleep medicine specialists 

– have expertise to  IMPROVE quality of life 

– can also make mistakes to WORSEN quality of life 

NM 
Patient
NM 

Patient

NeurologyNeurology

PulmonaryPulmonary

Sleep 
Medicine?

Sleep 
Medicine?

Sleep Disordered Breathing in
Neuromuscular Disease

Won Y. Lee, M.D.

Associate Professor, Division of Pulmonary and 
Critical Care Medicine
University of Texas Southwestern Medical Center
Dallas, Texas
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RESPIRATORY ASSIST DEVICES 
(ST, VAPS TECHNOLOGY) 

INTERPRETING NIV DOWNLOADS/ 
MASK INTERFACE OPTIONS 

 
Saturday, January 19, 2019 – 1:40 p.m. – 2:20 p.m. 

 
FACULTY: 

 
Won Lee, MD 

University of Texas Southwestern Medical Center  
Associate Professor 

 
Won Lee, MD, is an associate professor in pulmonary, critical care and sleep medicine at the 
University of Texas Southwestern Medical Center in Dallas, Texas.  He serves as medical director 
of the Sleep and Breathing Disorders Center.  His primary clinical interests include sleep 
disordered breathing and neuromuscular pulmonary disorders. 

 
 

Lisa Wolfe, MD 
Northwestern University 

Associate Professor of Medicine and Neurology 
 
Lisa Wolfe, MD, is originally from Ohio and did her medical school training at the Ohio State 
University.   Her residency/ fellowship training was at Northwestern University where she has 
been ever since.  She is an associate professor of both medicine and neurology – where she is 
on the faculty in pulmonary / sleep and neuromuscular medicine.   She is also the medical 
director of respiratory care at the Shirley Ryan Ability Lab (previously known as the 
Rehabilitation Institute of Chicago (RIC)).   Dr. Wolfe’s academic focus is on the use of home 
based ventilation and the care of those with neuromuscular diseases.  She has clinical grants 
for this work from the Les Turner ALS Foundation and the Muscular Dystrophy Association. 
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Shannon Sullivan, MD 
Stanford University 

Clinical Associate Professor 
 
Shannon S. Sullivan, MD, is a Clinical Associate Professor at the Stanford University 
Department of Psychiatry and Behavioral Sciences, Center for Sleep Sciences, and is board 
certified in pediatrics, pediatric pulmonology, and sleep medicine.   She is the Director of the 
Center’s ACGME Sleep Medicine Fellowship program, and her interests include medical 
education as well as developmental aspects of familial OSA in childhood.  She has served as an 
appointed member of the American Academy of Sleep Medicine Transportation and Safety Task 
Force, the Presidential Committee on Occupational Health, and the Sleep Public Safety 
Committee, on which she is serving at present.    
 

Gaurav Singh, MD 
Stanford University  
Associate Professor 

 
Gaurav Singh, MD, completed all of his medical education and training locally. He attended UC 
Berkeley for undergraduate studies and UCSF for medical school. He also went on to complete 
a Masters of Public Health at UC Berkeley. He completed residency training in Internal Medicine 
at Stanford University, followed by Pulmonary and Critical Care fellowship as well as Sleep 
Medicine fellowship at Stanford University. He joined the Stanford faculty in Pulmonary, Critical 
Care, and Sleep Medicine after his medical training. He has recently transitioned his career to 
VA Palo Alto Healthcare System. 
 

Kathleen Sarmiento, MD 
UC San Francisco 

Associate Professor of Medicine 
 

Kathleen (Katie) Sarmiento, MD, is an Associate Professor of Medicine at UC San Francisco, 
the Director of Sleep Medicine at the San Francisco VA Health Care System, and the National 
Lead for VA TeleSleep, an enterprise-wide initiative to build a high-performing sleep 
telemedicine network. She has been instrumental in building infrastructure for and leading VA 
Sleep operations. She has an active clinical practice in Pulmonary, Critical Care and Sleep 
Medicine. Her research interests are focused on health services research, including strategies 
to improve access to sleep care in rural areas, reduce wait times, lower cost, and de-implement 
low-value steps in obtaining care.   

 
Michelle Cao, DO 

Stanford University 
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HOME VENTILATORS, INTERPRETING 
VENTILATOR DOWNLOADS, AND 
DAYTIME USE OF NONINVASIVE 

VENTILATION 

 
Saturday, January 19, 2019 – 2:20 p.m. – 3:00 p.m. 

 
FACULTY: 

 
Won Lee, MD 

University of Texas Southwestern Medical Center  
Associate Professor 

 
Won Lee, MD, is an associate professor in pulmonary, critical care and sleep medicine at the 
University of Texas Southwestern Medical Center in Dallas, Texas.  He serves as medical director 
of the Sleep and Breathing Disorders Center.  His primary clinical interests include sleep 
disordered breathing and neuromuscular pulmonary disorders. 

 
 

Lisa Wolfe, MD 
Northwestern University 

Associate Professor of Medicine and Neurology 
 
Lisa Wolfe, MD, is originally from Ohio and did her medical school training at the Ohio State 
University.   Her residency/ fellowship training was at Northwestern University where she has 
been ever since.  She is an associate professor of both medicine and neurology – where she is 
on the faculty in pulmonary / sleep and neuromuscular medicine.   She is also the medical 
director of respiratory care at the Shirley Ryan Ability Lab (previously known as the 
Rehabilitation Institute of Chicago (RIC)).   Dr. Wolfe’s academic focus is on the use of home 
based ventilation and the care of those with neuromuscular diseases.  She has clinical grants 
for this work from the Les Turner ALS Foundation and the Muscular Dystrophy Association. 
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Shannon Sullivan, MD 
Stanford University 

Clinical Associate Professor 
 
Shannon S. Sullivan, MD, is a Clinical Associate Professor at the Stanford University 
Department of Psychiatry and Behavioral Sciences, Center for Sleep Sciences, and is board 
certified in pediatrics, pediatric pulmonology, and sleep medicine.   She is the Director of the 
Center’s ACGME Sleep Medicine Fellowship program, and her interests include medical 
education as well as developmental aspects of familial OSA in childhood.  She has served as an 
appointed member of the American Academy of Sleep Medicine Transportation and Safety Task 
Force, the Presidential Committee on Occupational Health, and the Sleep Public Safety 
Committee, on which she is serving at present.    
 

Gaurav Singh, MD 
Stanford University  
Associate Professor 

 
Gaurav Singh, MD, completed all of his medical education and training locally. He attended UC 
Berkeley for undergraduate studies and UCSF for medical school. He also went on to complete 
a Masters of Public Health at UC Berkeley. He completed residency training in Internal Medicine 
at Stanford University, followed by Pulmonary and Critical Care fellowship as well as Sleep 
Medicine fellowship at Stanford University. He joined the Stanford faculty in Pulmonary, Critical 
Care, and Sleep Medicine after his medical training. He has recently transitioned his career to 
VA Palo Alto Healthcare System. 
 

Kathleen Sarmiento, MD 
UC San Francisco 

Associate Professor of Medicine 
 

Kathleen (Katie) Sarmiento, MD, is an Associate Professor of Medicine at UC San Francisco, 
the Director of Sleep Medicine at the San Francisco VA Health Care System, and the National 
Lead for VA TeleSleep, an enterprise-wide initiative to build a high-performing sleep 
telemedicine network. She has been instrumental in building infrastructure for and leading VA 
Sleep operations. She has an active clinical practice in Pulmonary, Critical Care and Sleep 
Medicine. Her research interests are focused on health services research, including strategies 
to improve access to sleep care in rural areas, reduce wait times, lower cost, and de-implement 
low-value steps in obtaining care.   

 
Michelle Cao, DO 

Stanford University 
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BREAK 
EXHIBIT HALL OPEN 

 
 

Saturday, January 19, 2019 – 3:00 p.m. – 3:20 p.m. 
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NIPPV FOR THE HYPERCAPNIC  
COPD AND OBSESITY 

HYPOVENTILATION PATIENT 
  

Gaurav Singh, MD 
Stanford University  
Associate Professor 

 
Saturday, January 19, 2019 – 3:20 p.m. – 4:00 p.m. 

 
 
Gaurav Singh, MD, completed all of his medical education and training locally. He 
attended UC Berkeley for undergraduate studies and UCSF for medical school. He also 
went on to complete a Masters of Public Health at UC Berkeley. He completed 
residency training in Internal Medicine at Stanford University, followed by Pulmonary 
and Critical Care fellowship as well as Sleep Medicine fellowship at Stanford University. 
He joined the Stanford faculty in Pulmonary, Critical Care, and Sleep Medicine after his 
medical training. He has recently transitioned his career to VA Palo Alto Healthcare 
System. 
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Gaurav Singh, MD, MPH

Clinical Assistant Professor

Pulmonary, Critical Care, and Sleep Medicine

VA Palo Alto Health Care System

Stanford Health Care

Disclosures
 No conflicts of interest
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Learning Objectives
1. Recognize when to consider NIPPV over CPAP for 

hypercapnic COPD and obesity hypoventilation 
syndrome 

2. Identify the appropriate NIPPV modality and 
settings to select for hypercapnic COPD and obesity 
hypoventilation syndrome

3. Understand the health outcomes associated with 
NIPPV use among patients with hypercapnic COPD 
and obesity hypoventilation syndrome

Outline
 Relevant pathophysiology

 Rationale and mechanism of NIPPV

 Clinical evidence supporting use of NIPPV

 Patient selection for NIPPV

 NIPPV initiation and titration

 Qualification criteria for NIPPV
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Review Question: COPD
1. Which non‐invasive ventilation modality has been 

demonstrated to prolong the time to hospital 
readmission or death in patients with hypercapnic
COPD?

A) Bilevel

B) Bilevel‐S/T

C) Volume Assured Pressure Support

D) Adaptive Servo Ventilation

Review Question: OHS
2. What clinical outcome has demonstrated 

improvement with bilevel compared to continuous 
positive airway pressure in patients with obesity 
hypoventilation syndrome?

A) Daytime hypercapnia

B) Quality of life

C) Daytime sleepiness

D) Pulmonary hypertension
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Hypercapnic COPD: Definitions
 GOLD definition of COPD: post‐bronchodilator 
FEV1/FVC < 70% 

 Hypercapnia: PaCO2 > 45 mmHg

www.goldcopd.org

Hypercapnic COPD: Pathophysiology
 Lung parenchyma and airway destruction

 Poor matching of ventilation to perfusion (i.e., V/Q 
mismatch or dead space ventilation)

 Imbalance between inspiratory muscle capacity and 
load placed on respiratory system
 Hyperinflation changes configuration of diaphragm and 
shortens inspiratory muscles (mechanical disadvantage, 
atrophy, respiratory muscle weakness)

 Excessive resistive load on respiratory muscles due to 
increased airway resistance and intrinsic positive end‐
expiratory pressure (iPEEP), inspiratory threshold

149



1/15/2019

5

NIPPV Rationale/Mechanism in COPD
 Relief of ventilatory muscle fatigue
 Reduction in respiratory load

 Decrease in lung hyperinflation with improvement in lung 
volumes

 Decrease in iPEEP

 Augment alveolar  ventilation
 Correcting CO2 responsiveness (i.e., change in central 
chemosensitivity)

 Treating sleep‐disordered breathing
 Benefits: improvements in dyspnea, nocturnal and daytime 
respiratory function, gas exchange, sleep quality, and 
functional status

Effective NIPPV Reduces PaCO2

 Higher 
IPAP

 Better 
adherence

 Higher 
baseline 
PaCO2

Factors that 
augment 
reduction in 
PaCO2

Struik et al. Respir Med. 2014;108:329‐37Struik et al. Thorax. 2014;69:826‐34
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NIPPV Improves Mortality/Readmission

 Baseline PaCO2 > 53 mmHg (mean 59.0 mmHg)

 Persistent hypercapnia after acute COPD 
exacerbation (2‐4 weeks after resolution of 
respiratory acidemia) 

 NIPPV targeted to reduce PaCO2 by 3.75 – 7.5 
mmHg overnight

 mMean IPAP 24 cmH2O, EPAP 4 cmH2O, backup 
rate 14 breaths/min

 Mean time to readmission or death 4.3 months in 
NIPPV group vs 1.4 months in control group

Hazard ratio 0.24 (0.11‐0.49) 

 Baseline PaCO2 ≥ 51.9 mmHg (mean 58.5 
mmHg) 

 No exacerbation within 4 weeks

 NIPPV targeted to reduce PaCO2 by at least 
20% or < 48 mmHg

 Mean IPAP 21.6 cmH2O, EPAP 4.8 cmH2O, 
backup rate 16.1 breaths/min

 1‐year mortality 12% in NIPPV group vs 33% 
in control group

Kohnlein Lancet Respir Med. 2014;2:698‐705 Murphy et al. JAMA. 2017;317:2177‐2186

Overview of Randomized Controlled Trials

N < 50 in NIPPV group

n = 101   102  57

PaCO2 ‐6%

PaCO2 ‐15%

2 year follow‐up

↑ 6MWD and FEV1

PaCO2 ‐17%, but not 
“stable” hypercapnic COPD 

PaCO2 ‐7.4%

PaCO2 ‐10%

*Baseline PaCO2

≥ 54 mmHg

*

*

*

*
* *

*

Duiverman. ERJ Open Res. 2018;4 
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Reasons for Heterogeneity
 Underpowered studies

 Patient selection and poorly characterized patient 
populations

 Severity of COPD and degree of baseline hypercapnia

 NIPPV pressures capable of achieving adequate 
ventilation and reduction in PaCO2

 Adherence with NIPPV therapy

 Duration of therapy and follow‐up

 Underlying OSA

P = 0.04

The Overlap Syndrome

n = 210
n = 228
n = 213

Adjust for age, 
sex, BMI, 
smoking, EtOH, 
comorbidities,
COPD severity, 
AHI, daytime 
sleepinessRR 1.79 (1.16 – 2.77) RR 1.70 (1.21 – 2.38)

AHI = 35

CPAP n = 44

controls n = 60

CPAP n = 72

controls n = 95 PaCO2 ≥ 45 
mmHg 
(average 51.6 
mmHg)

AHI = 35.2

P = 0.42

AHI = 29.2

Jaoude et al. Lung 2014; 192:251–258

Marin et al. Am J Respir Crit Care Med 2010; 182:325‐31
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Selecting COPD Patients for NIPPV
 Patients most likely to derive a benefit are those with 
most severe and advanced disease

 Daytime PaCO2 ≥ 52 mmHg and O2 desaturation
during sleep (i.e., SpO2 ≤ 88% for ≥ 5 minutes) despite 
use of supplemental O2 at ≥ 2 L/min

 History of hospitalization for acute respiratory failure 
with persistent, severe hypercapnia

 Others recovering from acute exacerbation that 
necessitated use of continuous NIPPV during 
hospitalization

Initiation of NIPPV for COPD
 Optimal approach has not been determined

 Typically start bilevel with EPAP of 5 cmH2O and IPAP 
of 10 cmH2O and gradually increase

 Final IPAP near 15 cmH2O (range 12‐20 cmH2O)

 Adjust IPAP for pressure support (PS) that achieves goal tidal 
volume (~8 ml/kg ideal body weight), as tolerated

 Final EPAP at least 5 cmH2O below IPAP

 Adjust  EPAP to eliminate obstructive apneas

 If ineffective trigger, adjust EPAP to overcome high iPEEP
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“High Intensity” NIPPV
 Specific 
NIPPV 
settings to 
achieve 
normocapnia
or lowest 
PaCO2 levels 
possible

 Often 
requires high 
IPAP ±
backup rate

van der Leest and Duiverman. Respirology. 2018 Nov 30

Other NIPPV Options for COPD
 AVAPS/iVAPS

 Volume‐assured pressure support
 No proven clinical benefit of switching from high intensity NIPPV; 

possible physiological advantages in breathing pattern

 AVAPS AE
 Includes auto‐titrating EPAP

 Optimize EPAP to maintain airway patency

 Mouth Piece Ventilation (MPV)
 Prevents deterioration of gas exchange as well as NIPPV in 
COPD exacerbations with mild to moderate acidosis, and it is 
better tolerated

 Ventilation before oxygenation
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Challenges
 Patient comfort and tolerance of high pressures

 Concern for hyperinflation with high backup rate 

 Important to titrate stepwise (usually over several days)

 Cardiovascular side effects
 High IPAP may reduce cardiac output in patients with 
cardiac failure

 Initiation of NIPPV in the hospital or ventilator facility
 Not mandatory for success

 Reimbursement for devices with backup rate
 Standard bilevel devices only allow for PS of 10 cmH20

Qualifying for NIPPV: COPD
ABG with 
PaCO2 ≥ 52 
mmHg (awake 
and on 
prescribed FiO2)

Sleep oximetry with 
oxygen saturation ≤ 
88% for ≥ 5 cumulative 
minutes on 2 L/min 
O2 or prescribed FiO2

(whichever is higher)

AND OSA  and CPAP 
treatment have 
been considered 
and ruled out 
(formal sleep testing 
not required)

AND E470  = 
Bilevel S

Conversion from S to ST
Situation 1 (after period of initial use of E0470):

AND Facility‐based PSG on 
E470 with oxygen 
saturation ≤ 88% for ≥ 5 
cumulative minutes (not 
caused by OSA – AHI < 5)

Situation 2 (no sooner than 61 days after initial use of E0470):

ABG with 
PaCO2 ≥ 52 
mmHg (awake 
and on 
prescribed FiO2)

Sleep oximetry on E470 with 
oxygen saturation ≤ 88% for ≥ 5 
cumulative minutes on 2 L/min  
O2 or prescribed FiO2

(whichever is higher)

AND

E471  = 
Bilevel ST

ABG with PaCO2

worsening ≥ 7 
mmHg vs original 
ABG (awake and on 
prescribed FiO2)
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OHS: Definition and Consequences
 OHS definition: awake alveolar hypoventilation (PaCO2 > 
45 mmHg) in obese (BMI > 30 mg/kg2) patients which 
cannot be attributed to other causes (i.e., neuromuscular, 
metabolic, lung, or chest wall diseases)

 OHS will progress if not treated with PAP, and it is 
associated with significantly worse cardiovascular 
morbidity, mortality, and healthcare utilization vs eucapnic
OSA and eucapnic obese patients

 Can lead to pulmonary hypertension, right heart failure, 
and increased risk of hospitalization due to acute‐on‐
chronic hypercapnic respiratory failure

OHS: Pathophysiology

Boing et al. J Thorac Dis. 2015;7:1273‐85

156



1/15/2019

12

NIPPV Rationale/Mechanism in OHS
 Controversy remains as to the preferred modality of 
positive airway therapy

 Conceptually, NIPPV should be more effective than 
CPAP, as it addresses the various complex 
pathophysiological disturbances that result in OHS:

 EPAP for upper airway resistance, chest wall and 
abdominal resistance, and atelectasis

 IPAP for altered ventilatory drive, worsened 
hypoventilation during sleep, and rest of respiratory 
muscles

Pickwick Study

 RCT comparing NIPPV, CPAP, and lifestyle 
modification in OHS patients with severe OSA

 Main outcome: daytime PaCO2

 Total n = 221, follow‐up = 2 months
 Greatest reduction in PaCO2 and bicarbonate in 

NIPPV group, but not significant vs CPAP
 FEV1 and 6MWD improved more with NIPPV than 

CPAP

NIPPV

CPAP

control

Final pressures:
IPAP 20 cmH2O, 
EPAP 7.8 cmH2O, 
backup rate 14 
breaths/min; mean 
CPAP 11 cmH2O

Masa et al. Am J Respir Crit Care Med. 2015;192:86‐95
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Pickwick Study: Update
 RCT of CPAP vs NIPPV for OHS with severe OSA

 Primary outcome: hospitalization days

 Secondary outcomes: hospital resource utilization, 
mortality, cardiovascular events, compliance, side 
effects

 Total n = 215

 Median follow‐up = 5.42 years

 Hospital days/yr was 2.19 ± 5.65 for CPAP and 1.44 ±
3.07 for NIV (adjusted P = 0.12)

 No difference in secondary outcomes

Quiroga et al. European Respiratory Journal 2018 52: Suppl. 62, OA5414

Cardiovascular Effects of NIPPV
 Secondary analysis of Pickwick Study

 Conventional transthoracic 2D and doppler echo 
performed at baseline and after 2 months

 At baseline 55% of patients had pulmonary hypertension 
(PH), 51% with left ventricular hypertrophy LVH)

 NIPPV lowered systolic pulmonary artery pressure, but 
CPAP did not (−3.4 mmHg, −5.3 to –1.5; adjusted P = 0.025 
vs control and P = 0.033 vs CPAP)
 Greater reduction with NIPPV in those with PH at baseline 
(−6.4 mm Hg, −9 to –3.8)

 NIPPV reduced left ventricular mass and improved 6MWD 
(32 m; 19 to 46)

Corral et al. Thorax. 2018;73:361‐368
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Selecting OHS Patients for NIPPV
 ~90% of patients with OHS have coexisting OSA → CPAP is 

appropriate initial modality

 Bilevel is appropriate for patients with OHS and sleep‐related 
hypoventilation (i.e., few obstructive events during sleep)
 Patients with OHS and OSA who fail or do not tolerate CPAP 
should be treated with bilevel

 Patients who fail or do not tolerate bilevel should be treated with 
average volume‐assured pressure support

 Features that suggest bilevel may be more appropriate than 
CPAP:
 Lower AHI on PSG

 More restrictive physiology on PFTs

 More severe and persist O2 desaturation during PSG

Initiation of NIPPV for OHS
 At a minimum, set EPAP at 4 cmH2O and IPAP at 8 
cmH2O

 EPAP should be adjusted for obstructive apneas
 Some studies have adjusted EPAP for all obstructive 
events (obstructive apneas, hypopneas, flow limitation, 
and snoring) → results in higher EPAP

 Increase IPAP simultaneously to maintain pressure 
difference between EPAP and IPAP

 IPAP should be adjusted for hypoventilation (which 
may be manifested by persistent O2 desaturation
unrelated to obstructive events) and hypopneas
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Monitoring/Goals of NIPPV in OHS
 Normalize PaCO2 (< 45 mmHg) during wakefulness and 
sleep

 Eliminate O2 desaturation during wakefulness and sleep

 Treat sleep disordered breathing (obstructive apneas, 
hypopneas, and hypoventilation)

 Improve sleep architecture and quality

 Relieve symptoms (daytime hypersomnolence, morning 
headache)

 Prevent complications (erythrocytosis, pulmonary 
hypertension, right heart failure, mortality)

NIPPV Improvement in SpO2 During Sleep 
Correlates with Reduction in Bicarbonate

 Total n = 35

 1‐month 
follow‐up

 Mean IPAP 18 
cmH2O, EPAP 
11 cmH2O, 
backup rate 13 
breaths/min

Borel et al. Chest. 2012;141:692‐702
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Other NIPPV Options for OHS
 AVAPS/iVAPS

 Residual airway obstruction on bilevel (but EPAP fixed)

 Sufficient alveolar  ventilation cannot be achieved with bilevel
(due to decreased respiratory system compliance)

 Can achieve higher PS vs bilevel (which has maximum of  10 
cmH2O) and higher overall pressure (30 vs 25 cmH2O)

 Similar improvement in daytime PaCO2 as bilevel

 AVAPS AE

 Likely better for obstructive events and maintaining airway 
patency

 Can achieve even higher  maximal pressures (i.e., 50 cmH2O) 

Qualifying for NIPPV: OHS
ABG with 
PaCO2 ≥ 45 
mmHg (awake 
and on 
prescribed FiO2)

AND Spirometrywith 
FEV1/FVC ≥ 70%

ABG with PaCO2 worsening ≥ 
7 mmHg vs original ABG (done 
during sleep  or immediately upon 
awakening on prescribed FiO2)

PSG or HST with oxygen 
saturation ≤ 88% for ≥ 5 
minutes (not caused by OSA –
AHI < 5)

AND

E470  = 
Bilevel S

Conversion from S to ST

Covered 
E0470 is 
being used

AND Spirometrywith 
FEV1/FVC ≥ 70%

AND ABG with PaCO2 worsening ≥ 
7 mmHg vs ABG used to 
qualify for E0470 (done during 
sleep  or immediately upon 
awakening on prescribed FiO2)

PSG or HST on E0470 with
oxygen saturation ≤ 88% for ≥  
5 minutes (not caused by OSA –
AHI < 5)

E471  = 
Bilevel ST

OR

OR
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Selim et al. Chest. 2018;153:251‐265

Key Points
 NIPPV addresses the underlying pathophysiology of 
hypercapnic COPD and OHS, manifest as reduction in 
PaCO2

 High intensity NIPPV has demonstrated physiological 
and clinical benefit in hypercapnic COPD (reduction 
in mortality and readmissions)

 NIPPV improves lung function, exercise capacity, 
pulmonary hypertension, pulmonary hypertension, 
and left ventricular hypertrophy vs CPAP in OHS 
patients

 Appropriate patient selection for NIPPV is essential

162



1/15/2019

18

References
 Borel JC, Tamisier R, Gonzalez‐Bermejo J, et al. Noninvasive ventilation in mild obesity hypoventilation syndrome: a 

randomized controlled trial. Chest. 2012 Mar;141(3):692‐702.
 Corral J, Mogollon MV, Sánchez‐Quiroga MÁ, et al. Echocardiographic changes with non‐invasive ventilation and 

CPAP in obesity hypoventilation syndrome. Thorax. 2018 Apr;73(4):361‐368.
 Duiverman ML. Noninvasive ventilation in stable hypercapnic COPD: what is the evidence? ERJ Open Res. 2018 Apr 

9;4(2).
 Duiverman ML, Windisch W, Storre JH, et al. The role of NIV in chronic hypercapnic COPD following an acute 

exacerbation: the importance of patient selection? Ther Adv Respir Dis. 2016 Apr;10(2):149‐57.
 Jaoude P, El‐Solh AA. Survival benefit of CPAP favors hypercapnic patients with the overlap syndrome. Lung. 2014 

Oct;192(5):633‐4.
 Köhnlein T, WindischW, Köhler D, et al. Non‐invasive positive pressure ventilation for the treatment of severe stable 

chronic obstructive pulmonary disease: a prospective, multicentre, randomised, controlled clinical trial. Lancet Respir
Med. 2014 Sep;2(9):698‐705.

 Marin JM, Soriano JB, Carrizo SJ, et al. Outcomes in patients with chronic obstructive pulmonary disease and 
obstructive sleep apnea: the overlap syndrome. Am J Respir Crit Care Med. 2010 Aug 1;182(3):325‐31.

 Masa JF, Corral J, Alonso ML, et al. Efficacy of Different Treatment Alternatives for Obesity Hypoventilation Syndrome. 
Pickwick Study. Am J Respir Crit Care Med. 2015 Jul 1;192(1):86‐95.

 Murphy PB, Rehal S, Arbane G, et al. Effect of Home Noninvasive Ventilation With Oxygen Therapy vs Oxygen Therapy 
Alone on Hospital Readmission or Death After an Acute COPD Exacerbation: A Randomized Clinical Trial. JAMA. 2017 
Jun 6;317(21):2177‐2186.

 Nicolini A, Santo M, Ferrari‐Bravo M, et al. Open‐mouthpiece ventilation versus nasal mask ventilation in subjects 
with COPD exacerbation and mild to moderate acidosis: a randomized trial. Respir Care. 2014 Dec;59(12):1825‐31.

 Quiroga AS, Mokhlesi B, Peñafiel JC, et al. Long term positive airway pressure effectiveness in obesity hypoventilation 
syndrome. Pickwick study results. European Respiratory Journal 2018 52: Suppl. 62, OA5414.

 Selim BJ, Wolfe L, Coleman JM 3rd, et al. Initiation of Noninvasive Ventilation for Sleep Related Hypoventilation 
Disorders: Advanced Modes and Devices. Chest. 2018 Jan;153(1):251‐265.

 Storre JH, Matrosovich E, Ekkernkamp E, et al. Home mechanical ventilation for COPD: high‐intensity versus target 
volume noninvasive ventilation. Respir Care. 2014 Sep;59(9):1389‐97.

 Struik FM, Lacasse Y, Goldstein RS, et al. Nocturnal noninvasive positive pressure ventilation in stable COPD: a 
systematic review and individual patient data meta‐analysis. Respir Med. 2014 Feb;108(2):329‐37.

 Struik FM, Sprooten RT, Kerstjens HA, et al. Nocturnal non‐invasive ventilation in COPD patients with prolonged 
hypercapnia after ventilatory support for acute respiratory failure: a randomised, controlled, parallel‐group study. 
Thorax. 2014 Sep;69(9):826‐34.

 van der Leest S, Duiverman ML. High‐intensity non‐invasive ventilation in stable hypercapnic COPD: Evidence of 
efficacy and practical advice. Respirology. 2018 Nov 30.

Thank You!
 gsingh8@stanford.edu

163



DAYTIME USE OF NIPPV 
 

Lisa Wolfe, MD 
Northwestern University 

Associate Professor of Medicine and Neurology 
 

Saturday, January 19, 2019 – 4:00 p.m. – 4:40 p.m. 
 
 
Lisa Wolfe, MD, is originally from Ohio and did her medical school training at the Ohio 
State University.   Her residency/ fellowship training was at Northwestern University 
where she has been ever since.  She is an associate professor of both medicine and 
neurology – where she is on the faculty in pulmonary / sleep and neuromuscular 
medicine.   She is also the medical director of respiratory care at the Shirley Ryan 
Ability Lab (previously known as the Rehabilitation Institute of Chicago (RIC)).   Dr. 
Wolfe’s academic focus is on the use of home based ventilation and the care of those 
with neuromuscular diseases.  She has clinical grants for this work from the Les Turner 
ALS Foundation and the Muscular Dystrophy Association. 
 
 

 
 
 
 
 
 
 
 
 

164



CLOSING REMARKS AND POST TEST 
 

Michelle Cao, DO 
Stanford University School of Medicine 

Clinical Associate Professor 
 
 

Michelle Cao, DO, is a Clinical Associate Professor in the Division of Sleep Medicine 
and Division of Neuromuscular Medicine, at the Stanford University School of Medicine. 
Dr. Cao is board certified in Pulmonary, Critical Care, and Sleep Medicine.  Her clinical 
expertise is in complex sleep related breathing disorders including central sleep apnea 
secondary to opioids, neuromuscular disease, and chronic respiratory failure.  She 
manages the noninvasive ventilation program for Stanford Neuromuscular Disease 
Multidisciplinary Clinic.  
 

 
 
 

 
Saturday, January 19, 2019 – 4:40 p.m. –5:00 p.m. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

165




