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Patient Information

• 33세 / 남자

• CC: Severe snoring & nocturnal hypoxemia

• DM (+) / HBP (+)

• Smoking: 

• History of ARDS due to pneumonia: 3 개월 전

• Height: 168 cm, Weight: 107.0 kg 

• BMI: 37.9 kg/m2



Sleep Questionnaire

• PSQI score: 10

• 심한 코골이(10-1): 3
• 숨을 멈춘다(10-2): 3

• K-ESS score: 9



Daytime ABGA – Room Air

• pH 7.40 

• PaCO2 51.0 mmHg

• PaO2 53.0 mmHg 

• HCO3 31.6 mmHg

• SaO2 87%



CXR



PFT

• Provocation test : negative

Volume(L) % Ref

FEV1 2.73 73

FVC 3.43 73

FEV1/FVC 80

DLCO 16.9 53



EKG and Echocardiogram

• Echocardiogram
• LV hypertrophy (mild)
• Pulmonary hypertension (mild, RVSP=45mmHg)
• Normal LVEF(70%)



Diagnostic PSG: Hypnogram

SpO2 nadir: 42%
SpO2 mean: 74%

TST: 142.5 min
Sleep efficiency: 54.7%
Stage 3: 2.5% REM: 7.7%

AHI: 136.4

AHI Supine: 136.6
non-spine: 135.7



PSG Report
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SensorMedics Corporation 
성바오로병원 A Subsidiary of VIASYS Healthcare, Inc. 
수면검사실    
Phone: (02) 958-2380 Patient Name: Kim, Donghyun  
 Study Date: 2018-03-27 
 Report Date/Time: 6/7/2018 5:14:00 PM 

 
Polysomnography Report 
 
 

Demographic Summary 
        Name: Kim, Donghyun  Age: 33 BMI: 37.9 Interp Physician: Kang, Hyeon Hui, & Kim, Sei 

Won Pt. Tag: 2588 Ht-IN: 66 CM: 168  
Pt. #: 1379105 Wt-LB: 236 KG: 107 Tested By: Ryu, Hyun Sun 
Study ID: 439 ScoreSet: 1448 Sex: Male Scored By:  
Bed Tag:  Race: Asian Occupation:  
Comments :   
 
 
 

Sleep Summary 
  Time in Bed 260.5 Minutes 90 Percent of SPT in Stage Wake 38.7 Percent 
 Sleep Period Time 232.5 Minutes  Percent to TST in Stage 1 44.2 Percent 
 Total Sleep Time 142.5 Minutes  Percent to TST in Stage 2 45.6 Percent 
 Sleep Onset 27.5 Minutes  Percent to TST in Stage 3 2.5 Percent 
 Sleep Efficiency 54.7 Percent  Percent to TST in Stage REM 7.7 Percent 
Sleep Disruption Events Count Index     
 Arousals 176 74.1     
 Awakenings 0 0     
 Arouasls + Awakenings 176 74.1     
 

Respiration Summary 
 By Event Classification Central Mixed Obstructive 
 142.5 Count Mean Dur Range Dur Count Mean Dur Range Dur Count Mean Dur Range Dur 
 Apneas, NREM 0 0 0 0 0 0 181 17 9-68 
 Apneas, REM 0 0 0 0 0 0 10 30 10-56 
 Apneas, Total 0 0 0 0 0 0 191 18 9-68 
 Hypopneas, NREM 0 0 0 0 0 0 128 15 9-35 
 Hypopneas, REM 0 0 0 0 0 0 5 16 12-22 
 Hypopneas, Total 0 0 0 0 0 0 133 15 9-35 

Event Statistics Total  With Arousal  With Awakening 
  Count Index  Count Index  Count Index 
 Apneas, Total 191 80.4  125 52.6  0 0.0 
 Hypopneas, Total 133 56  43 18.1  0 0.0 
 Events (Apneas + Hypopneas) 324 136.4  168 70.7  0 0.0 
 RERA, Total 0 0.0 

 
      

 RDI (Events + RERA) 324 136.4 
 

      
By Body Position N Supine Supine Total  N Supine Supine Total 
 Apnea Index, NREM 112.1 73.7 82.6 0

 
A+H Index, NREM 135.7 142.6 141.0 

 Apnea Index, REM 0 54.5 54.5 0
 

A+H Index, REM 0.0 81.8 81.8 
 Apnea Index, Total 112.1 71.8 80.4 3

0
.
5
 

A+H Index, Total 135.7 136.6 136.4 
 Hypopnea Index, NREM 23.6 68.9 58.4 0

 
Sleep Time, Minutes 30.5 112 142.5 

 Hypopnea Index, REM 0 27.3 27.3      
 Hypopnea Index, Total 23.6 64.8 56      
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Oxygenation Summary 
 Oximetry Statistics Non REM REM Total 
 SpO2, Mean Wake, Percent   88 
 SpO2, Range, Percent 43 - 83 42 - 71 42 - 88 
 SpO2, Mean, Percent 67 53 74 
SpO2 Intervals > 89% 80-89% 70-79% 60-69% 50-59% 40-49% 30-39% < 30% 
 Percent Sleep Time 0 2.5 34.4 42.8 14.4 4.9 0 0 
 

 
 
 
 
 

 
Leg Movement Summary 

  Jerk Counts Non REM (Incl. Wake) REM Total 
  No Arousal Arousal Wake No Arousal Arousal Wake No Arousal Arousal Wake Total 
 Isolated 26 0 0 1 0 0 27 0 0 27 
 PLMS 6 0 0 0 0 0 6 0 0 6 
 Total 32 0 0 1 0 0 33 0 0 33 
Jerk Statistics PLMS Total 
   Count Index Count Index 
  Jerks 6 2.5 33 13.9 
  Jerks with Arousal 0 0 0 0.0 
  Jerks, with Wake 0 0 0 0.0 
  Jerks, Arousal + Wake 0 0.0 0 0.0 
  Jerks, No Arousal 6 2.5 33 13.9 
  Jerks, Non REM 6 2.7 32 14.6 
  Jerks, REM 0 0.0 1 5.5 
 

EKG Summary 
       EKG Statistics       
 Heart Rate, Wake 88 BPM  TST Epochs in HR Interval 0 < 29 
 Heart Rate, Steady Sleep Avg 101 BPM   0 30-59 
 PAC Events 34 Count   0 60-79 
 PVC Events 0 Count   131 80-99 
      152 100-119 
  NREM REM   1 120-139 
 Shortest R-R .5 .5   0 140-159 
 Longest R-R .7 .7   0 > 160 
 
 
 
Technician Comments: 

1. Snoring              :  Severe degree 
2. BP_ Pre & Post :  150/110,  160/120 
3. MH :   고혈압약(1년전), 당뇨약(1달전) 복용중  
4. Sleep Summary :  
    * Sleep Efficiency  54.7%,   Arousals Index : 74.1 <176 Count> ,  Stage3: 2.5%    
5. Respiration Summary :   AHI :  136.0 <323 Count>   * Longest Apnea: 68 sec. 
    * N supine AHI : 135.7 <30.5 min> ,   Supine AHI : 136.1 <112.0 min>  
6. Oxygenation summary : SpO2 Nadir 42%,  Mean Percent 74% 
7. Event :  PAC 34 Count  
 

Physician Interpretation: 
Poor sleep efficiency with poor N3 stage 
Severe degree of snoring and OSA with severe desaturation  
Rec) CPAP or BIPAP titration/Hyeon Hui Kang/Sei Won Kim 
 
 

Oxygen Desaturation, Total 310 count 
Oxygen Desaturation Index, REM 109.1 Index 
Oxygen Desaturation Index, NREM 132.3 Index 
Oxygen Desaturation Index, Total 130.5 Index 



Obesity Hypoventilation Syndrome

JAMA, 2014;312(9):943

Obesity

BMI > 30 kg/m2

Sleep-disordered 

breathing

Daytime 

Hypoventilation

PaCO2 ≥ 45 mmHg/O2 < 70 mmHg



Treatment of OHS with OSA

The impact of PAP therapy in patients with OHS
without OSA has received less attention. An
observational study looking at longer-term out-
comes compared OHS phenotypes with and
without OSA. All were treated with BPAP-ST. Im-
provements in awake blood gases and lung func-
tion were similar between groups, although there
was a trend toward better survival in those with
concomitant OSA. More recently, a multicenter
trial from Spain randomized 86 patients to
2 months of lifestyle modification alone (a 1000-
calorie diet and sleep advice) or in conjunction
with BPAP-ST with VtPS.15 Over this short time
period, more significant improvements in awake
PaCO2 and bicarbonate levels, daytime sleepi-
ness, and nocturnal breathing were seen in the
BPAP group.

POSITIVE AIRWAY PRESSURE THERAPY IN
ACUTELY DECOMPENSATED OBESITY
HYPOVENTILATION SYNDROME

Obesity hypoventilation syndrome remains under-
recognized as a cause of acute hypercapnic respi-
ratory failure (AHRF). Up to 40% of patients with
OHS present for the first time with AHRF,22,37–39

yet less than one-third may receive the correct
diagnosis during their admission.10,40 Early recog-
nition and treatment are vital, as patients with OHS
admitted with AHRF have a high rate of in-hospital
mortality (18%).40 PAP therapy, commonly with
the addition of controlled supplemental oxygen,

is the mainstay therapy for hospitalized patients
with OHS and AHRF.41

Although PAP therapy is frequently used in
acute decompensated OHS, there are no random-
ized trials comparing the efficacy of different
modes of therapy. Current guidelines recommend
starting BPAP therapy in these patients using the
same blood gas criteria and precautions as in
patients with acute exacerbations of chronic
obstructive pulmonary disease42 (Box 1). Therapy
should also be commenced before performing a
sleep study, because early initiation of PAP ther-
apy may obviate invasive mechanical ventilation.43

However, once stable and acid-base imbalance is
corrected, patients may be shifted to CPAP with
titration under polysomnographic monitoring.43

Table 3 outlines the proposed schema for initiating
BPAP for patients with OHS with AHRF. Noninva-
sive ventilation (NIV) plays an important role in the
management of these patients because intubation
is at times quite difficult given the narrow airway of
particularly morbidly obese patients. For the same
reason, these patients may have severe obstruc-
tive events, particularly during sleep, necessitating
requirement for high positive-end expiratory pres-
sure. In addition, in order to augment ventilation,
high inspiratory pressure support is required.
A prospective study of 76 patients examined fac-

tors associated with NIV failure in patients with
OHS presenting with acute respiratory failure.
Severe pneumonia and multiple organ failure often
caused early NIV failure in those with hypoxemic

Fig. 2. PAP therapy choice and titration for stable patients presenting with obesity hypoventilation. AE, auto-
EPAP; AHI, apnea hypopnea index; IBW, ideal body weight; INCL, including; PSMAX, maximum pressure support;
PSMIN, minimum pressure support; TcCO2, transcutaneous carbon dioxide; UAO, upper airway obstruction.

Piper et al592

Downloaded for Anonymous User (n/a) at St Mary Hospital Seoul from ClinicalKey.com by Elsevier on August 21, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.

Sleep Medicine Clinics, 2017;12:587



CPAP, BPAP titration: Hypnogram

CPAP 15 cmH2O ➔ BPAP 15(IPAP)/4(EPAP) cmH2O

BPAP 18/8

BPAP 15/8 cmH2O

O2 2L/min
SpO2 mean: 92%

TST: 426 min
Sleep efficiency: 98%
Stage 3: 30.3% REM: 48.4%

AHI: 10.8



BPAP Titration Report
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SensorMedics Corporation 
성바오로병원 A Subsidiary of VIASYS Healthcare, Inc. 
수면검사실    
Phone: (02) 958-2380 Patient Name: Kim, Donghyun  
 Study Date: 2018-04-20 
 Report Date/Time: 4/24/2018 4:56:00 PM 

 
Polysomnography Report 
 
 

Demographic Summary 
        Name: Kim, Donghyun  Age: 33 BMI: 37.9 Interp Physician: Kang, Hyeon Hui, & Kim, Sei 

Won Pt. Tag: 2599 Ht-IN: 66 CM: 168  
Pt. #: 1379105. Wt-LB: 236 KG: 107 Tested By: Ryu, Hyun Sun 
Study ID: 446 ScoreSet: 1455 Sex: Male Scored By:  
Bed Tag:  Race: Asian Occupation:  
Comments :   
 
 
 

Sleep Summary 
  Time in Bed 434.5 Minutes 6 Percent of SPT in Stage Wake 1.4 Percent 
 Sleep Period Time 432 Minutes  Percent to TST in Stage 1 3.1 Percent 
 Total Sleep Time 426 Minutes  Percent to TST in Stage 2 18.3 Percent 
 Sleep Onset 2 Minutes  Percent to TST in Stage 3 30.3 Percent 
 Sleep Efficiency 98. Percent  Percent to TST in Stage REM 48.4 Percent 
Sleep Disruption Events Count Index     
 Arousals 13 1.8     
 Awakenings 0 0     
 Arouasls + Awakenings 13 1.8     
 

Respiration Summary 
 By Event Classification Central Mixed Obstructive 
 426 Count Mean Dur Range Dur Count Mean Dur Range Dur Count Mean Dur Range Dur 
 Apneas, NREM 0 0 0 0 0 0 1 10 10-10 
 Apneas, REM 0 0 0 0 0 0 0 0 0 
 Apneas, Total 0 0 0 0 0 0 1 10 10-10 
 Hypopneas, NREM 0 0 0 0 0 0 13 20 11-36 
 Hypopneas, REM 0 0 0 0 0 0 63 16 10-36 
 Hypopneas, Total 0 0 0 0 0 0 76 17 10-36 

Event Statistics Total  With Arousal  With Awakening 
  Count Index  Count Index  Count Index 
 Apneas, Total 1 .1  0 0.0  0 0.0 
 Hypopneas, Total 76 10.7  7 1.0  0 0.0 
 Events (Apneas + Hyponeas) 77 10.8  7 1.0  0 0.0 
 RERA, Total 0 0.0 

 
      

 RDI (Events + RERA) 77 10.8 
 

      
By Body Position N Supine Supine Total  N Supine Supine Total 
 Apnea Index, NREM 0 .3 .3 0

 
A+H Index, NREM 0.0 3.8 3.8 

 Apnea Index, REM 0 0 0 0
 

A+H Index, REM 0.0 18.3 18.3 
 Apnea Index, Total 0 .1 .1 0

 
A+H Index, Total 0.0 10.8 10.8 

 Hypopnea Index, NREM 0 3.5 3.5 0
 

Sleep Time, Minutes 0.0 426 426.0 
 Hypopnea Index, REM 0 18.3 18.3      
 Hypopnea Index, Total 0 10.7 10.7      
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Oxygenation Summary 
 Oximetry Statistics Non REM REM Total 
 SpO2, Mean Wake, Percent   93 
 SpO2, Range, Percent 83 - 97 76 - 95 76 - 98 
 SpO2, Mean, Percent 93 91 92 
SpO2 Intervals > 89% 80-89% 70-79% 60-69% 50-59% 40-49% 30-39% < 30% 
 Percent Sleep Time 80.5 19.2 .2 0 0 0 0 0 
 

 
 
 
 
 

 
Leg Movement Summary 

  Jerk Counts Non REM (Incl. Wake) REM Total 
  No Arousal Arousal Wake No Arousal Arousal Wake No Arousal Arousal Wake Total 
 Isolated 5 0 0 5 0 0 10 0 0 10 
 PLMS 0 0 0 0 0 0 0 0 0 0 
 Total 5 0 0 5 0 0 10 0 0 10 
Jerk Statistics PLMS Total 
   Count Index Count Index 
  Jerks 0 0 10 1.4 
  Jerks with Arousal 0 0 0 0.0 
  Jerks, with Wake 0 0 0 0.0 
  Jerks, Arousal + Wake 0 0.0 0 0.0 
  Jerks, No Arousal 0 0.0 10 1.4 
  Jerks, Non REM 0 0.0 5 1.4 
  Jerks, REM 0 0.0 5 1.5 
 

EKG Summary 
       EKG Statistics       
 Heart Rate, Wake 81.5 BPM  TST Epochs in HR Interval 0 < 29 
 Heart Rate, Steady Sleep Avg 79 BPM   0 30-59 
 PAC Events 0 Count   517 60-79 
 PVC Events 0 Count   333 80-99 
      2 100-119 
  NREM REM   0 120-139 
 Shortest R-R .6 .6   0 140-159 
 Longest R-R .9 .8   0 > 160 
 
 
 
Technician Comments: 

BI-PAP Study 
1. Bi Level PAP Compliance: Good (IPAP:15, EPAP:8, O2:2L) 
2. Mask Compliance: Good (Ultra Nasal Mask) 
3. Stage 3  - 30.3%, REM - 48.4% 
3. BP: Pre-140/100, Post-138/94 
 
 

Physician Interpretation: 
 
Good compliance of Bilevel (15/8 mmH2O) with oxygen 2L/min 
Hyeon Hui Kang/ Sei Won Kim 
 
 

Oxygen Desaturation, Total 145 count 
Oxygen Desaturation Index, REM 34.1 Index 
Oxygen Desaturation Index, NREM 7.6 Index 
Oxygen Desaturation Index, Total 20.4 Index 



Bilevel PAP(BPAP) in OSA

• CPAP-intolerant patients

• OSA with concurrent respiratory disease
• COPD, restrictive lung disease 
➔ Improve gas exchange

• Obesity hypoventilation syndrome

Sleep Medicine Clinics, 2017;12:587-596



CPAP➔BPAP titration

J Clin Sleep Med 2008;4:157–71.



CPAP➔BPAP titration

IPAP-EPAP:
Min 4cmH2O / Max 10cnH2O

J Clin Sleep Med 2008;4:157–71.



Compliance Data

Managing	Patients	with	PAP	Downloads
What	They	Tell	Us?

Managing	Patients	with	PAP	Downloads
What	They	Tell	Us?



Full Report

Hours of use Pattern of use Long term trend

Long term trend Daily detailed Summary



Summary report



Black bar: 호흡 감지 안됨

Mask가 잘 맞는지?

Nasal obstruction 등 ENT질

환이 동반되어 있는지?

Large leak이 발생하였는지?

Red bar: 4시간 미만 사용

Hours of Use



Pattern of Use

BiPAP Off

BiPAP On & 
호흡 감지됨

BiPAP On & 
호흡 감지 안됨

BiPAP 총 사용시간/BiPAP 총 작동시간



Long Term Trend

Pressure

C-S 
respiration

Apnea

Hypopnea
RERA
AHI

Flow 
limitation

Leak

Tidal 
volume

Breath rate



Long Term Trend

Pressure

C-S 
respiration

Apnea

Hypopnea
RERA
AHI

Flow 
limitation

치료가 잘 되고 있는지 확인

AHI가 무엇때문에 상승되어
있는지 확인



Long Term Trend

Leak

Tidal 
volume

Breath rate

Large leak 여부 확인



Daily Details

Respiratory event 발생
시 적절한 pressure가 설
정되어 있는지, leak 이
동반되어 있는지 확인

Pressure

Residual 
respiratory 
event



Large Leak?

Leak  > average mask exhalation 
port leak의 2배

+
1.5 분 초과

Leak	Identification

Intentional	
Leak Unintentional	

Leak

TOTAL	FLOW

TOTAL	FLOW =	Intentional	+	Unintentional

Leak	(or	Flow)	is	proportional	to	Pressure

AVERAGE	
INTENTIONAL	

LEAK

Acceptable	Mask	Leak

Average intentional leak

Mask(interface) fit 확인



Daily Details-Leak

What	is	a	Large	Mask	Leak?

• Large	Leak	Levels	occur	@	>	2	times	the	average	mask	exhalation	port	leak
• Considered	to	be	in	“Large	leak”	if	threshold	exceeded	for	greater	than	1.5
minutes.	

• A	light	green	hash	mark	on	Mask	Leak	graph	indicates	a	large	leak	has	occurredWhat	Is	Acceptable	Mask	Leak?
Large leak

Acceptable leak







Summary

• OHS의 정의

• OHS에서 OSA가 동반되어 있을 때 치료
• CPAP vs BPAP

• Compliance 확인

• 연이은 30일 사용기간

• 연이은 30일 사용기간에서 1일 4시간 이상 사용한 날



경청 해주셔서 감사합니다.


