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증례 1 & 2

- 얼마나 있을까?

- 어떻게 예측/확인할까?

내 용



BMC Pulm Med 2023;23(1):347



증례 1. 85세, 여자

- 호흡곤란으로 응급실

- 심방세동, 고혈압, 당뇨

- 체질량지수=24.3 kg/m2

키: 153 cm

몸무게: 57 kg

ID: 98071119

• Hypercapnia

- BNP: 343.11 pg/mL

- 심초음파: Enlarged both atrium, EF: 65%

내원당시

- 동맥혈가스검사: 7.194- 87.0- 91.0- 32.8



내원당시
2021-08-04

기관삽관
2021-08-11

전과
2021-08-18

심장내과 협진 요청

7.194- 87.0- 91.0- 32.8 7.202- 107.5- 76.4- 41.3 7.181- 105.6- 101.4- 38.6



Apnea-Hypopnea Index: 67.1, Nadir SaO2: 69.0%

Acute hypercapnic respiratory failure with severe OSA

수면다원검사
2021-09-06



CPAP

PAP titration: 13 cmH2O with full-face mask 

→ Good compliance
2021-09-07



증례 2. 70세, 남자

- 호흡곤란으로 응급실

- 산소포화도 88 → 50%

ID: 98291829

• 인근병원서 호흡곤란, 산소포화도 50%로 감소

→ hypoxemia

- BNP증가, 심부전 소견



Vital signs

BP: 141/91 mmHg,  PR: 77/min,
RR: 22/min,            BT: 36.8℃

회진 중 또는 언제라도 수면 중

코골이(+), 

수면중 목격된 무호흡(+), 

잠에 취해 있는 듯..(보호자)

Modified Mallampati Score: IV



응급실
내원 당시동맥혈가스검사

BNP: 391.95 pg/mL,          Hb: 15.8 g/dL

CRP: 1.35 mg/dL,              Hct: 53.8%

기타혈액검사

BPAP 
I:E=14:6

BPAP
I:E=20:6

BPAP 
I:E=15:6

BPAP 
I:E=20:6

보호자 제공



Apnea-Hypopnea Index: 94.2, Nadir SaO2: 80.0%

수면다원검사 (level II)

보호자 제공

Acute hypercapnic respiratory failure with severe OSA

2021-07-12



Effective NIV ?

- Initial BPAP settings: IPAP : EPAP = 10 : 5 cmH2O

- Tidal volume: 6- 8 mL/kg ideal body weight

Chest 2012;141(3)798-808

- Supplemental oxygen: Saturation 90- 93%

- Reassess at least every 30 min during the initial phase

- In-lab PSG/PAP titration: 1- 3 months after discharge

- Appropriate mask fit: oronasal or full-face masks 

- Monitor and minimize leak



BPAP apply with full-face mask

IPAP=27.0 cmH2O,  EPAP=17.0 cmH2O

PAP titration 2021-07-15



〮 General recommendations

- uncomfortable or intolerant of high pressure on CPAP

continued obstructive respiratory events at 15 cmH2O

- starting with an IPAP and EPAP of 8 and 4 cmH2O

IPAP and EPAP ≥ 1 cmH2O for ≥ 2 obstructive apneas

IPAP ≥ 1 cmH2O for ≥ 3 hypopneas, or ≥ 5 RERAs, or 

≥ (3 min of loud or unambiguous snoring) 

- maximum IPAP: 30 cmH2O

maximum pressure support: 10 cmH2O

BPAP titration

J Clin Sleep Med 2008;4(2):157-71



FASEB Bioadv 2021;3:683-93

[Supplemental Oxygen]

• awake supine SpO2 while breathing 

room air is ≤88%

• when SpO2 is ≤88% for ≥5 minutes 

in the absence of obstructive 

respiratory events

↓

introduced at 1 L/min and titrated 

upwards to achieve a target SpO2

between 88% and 94% (Consensus)

O2 rate should be increased by 1 

L/min, with an interval no shorter 

than 15 min, until SpO2 is between 

88% and 94% (Consensus)



Hypoventilation

during sleep

≥10 minutes, 
>55 mmHg PaCO2 (or 
end-tidal PCO2 / 
transcutaneous PCO2)
증가

≥10 minutes, 
>50 mmHg 초과하여
≥10 mmHg PaCO2 (or 
end-tidal PCO2 / 
transcutaneous PCO2)
증가
Principles and Practice of Sleep Medicine, 6th Ed., p.1037



Hypoventilation

during sleep

≥10 minutes, 
>55 mmHg PaCO2 (or 
end-tidal PCO2 / 
transcutaneous PCO2)
증가

≥10 minutes, 
>50 mmHg 초과하여
≥10 mmHg PaCO2 (or 
end-tidal PCO2 / 
transcutaneous PCO2)
증가

Principles and Practice of Sleep Medicine, 6th Ed., p.1037Am J Respir Crit Care Med 2017;196:200-7

Patients

Surviving acute hypercapnic respiratory failure
(AHRF)

Coexistence of

COPD

Obesity

OSA

Cardiac failure

Poor 

prognosis

Frequent 

readmissions 



Am J Respir Crit Care Med 2017;196:200-7

[Inclusion criteria]

- PaCO2 > 50 mmHg

- Invasive or noninvasive

mechanical ventilation in the ICU 

[Exclusion criteria]

- < 18 years old

- Neuromuscular disease

- Pregnancy

- Iatrogenic respiratory failure

- Life expectancy < 3 months

- Confusion

- Major psychiatric disease

[Study  protocol]

• 15 days after

- Complete PFT

- Echocardiography

• 3 months after & 2 days 

after NIV/CPAP withdrawal

- In-laboratory PSG



Am J Respir Crit Care Med 2017;196:200-7

COPD: 67%

Moderate-Severe 
OSA
with COPD: 66%

without COPD: 94%

Severe OSA

with COPD: 51%

without COPD: 81%

Heart failure with 

preserved EF: 44%

Hypertension: 67%



Am J Respir Crit Care Med 2017;196:200-7

ICU discharge 후

3.5 개월 동안 

46% 환자가

재입원 또는 사망



FASEB Bioadv 2021;3:683-93

J Clin Sleep Med 2020;16:267-77

OSA in COPD : 11~45%

COPD in OSA : 9~41%

46.4%24.4%

Obstructive Lung Disease and Obstructive Sleep Apnea (OLDOSA) cohort study

: All patients hospitalized at least once At the Atlanta Veterans Affairs 
Medical Center during calendar year 2008



Ann Am Thorac Soc 2021;18(4):727-9

Diagnosis of Sleep Apnea Syndrome
Survivors of acute hypercapnic respiratory failure

STAOP-Bang questionnaire

at the day of ICU discharge

High risk: score ≥3 (total 0-8) 

Home sleep apnea testing (SOMNOlab 2)

within 3 weeks following the ICU discharge

Level III test

OSA 86%, Mixed apnea 14%
(83%)



Ann Am Thorac Soc 2021;18(4):727-9

코골이, 주간졸음, 50세 이상

반복적으로 야간에 잠을 깸
야간뇨



Clinical Evaluation
〮 STOPBANG questionnaire (2008)

Snoring, Tiredness, Observed apnea, 

high blood Pressure, high BMI, Age,

Neck circumference, male Gender

〮 Low risk : 0~2

Intermediate risk : 3~4

High risk : 5~8

To assess the risk of OSA as a part of preoperative assessments of surgical patients

>35 kg/m2 >50

Male: >43 cm, Female: > 41 cm



PLoS One 2018;13(10):e0205669

Screening tools of Sleep Apnea Syndrome
Survivors of acute hypercapnic respiratory failure

Single-center, prospective, cohort study
Geneva University Hospitals from 2012-2015

197 patients (ICU discharge) − meeting exclusion criteria ➔ 78 patients 

➔ 53 patients who completed an overnight PSG

67.9%



Static 
Hyperinflation

(RV/TLC):

Negative association 

with AHI

PLoS One 2018;13(10):e0205669



〮 AHRF로 ICU에 입원했다가 살아서

퇴원한 환자의 약 67~75%에서

중등도 이상의 OSA가 있다. 

〮 COPD는 67%가 있으며, 동반되지

않은 경우에서는 OSA가 더 많다.

요 약 (1)



〮 AHRF로 ICU에 입원했던 환자에서 

OSA를 예측하기 위해서는 RV/TLC, 

STOP-Bang 설문지를 사용한다. 

〮 진단은 3개월 이내에 overnight 

PSG를 시행한다.

요 약 (2)



쥬디 목사
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