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Non-invasive ventilation

ORIGINAL ARTICLE

Nocturnal non-invasive ventilation in COPD patients
with prolonged hypercapnia after ventilatory support
for acute respiratory failure: a randomised,
controlled, parallel-group study
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Randomisation
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Intervention
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- Capnography
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Primary Outcome
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Secondary outcome
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Sample size calculation
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Statistical analysis
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2021 Patients assessed for eligibility

Trial flowchart

HAfE : 2010-2015%

2021 DS

116& (6%)DZ & Lk
OT+EENIVEE : 574
OTEJHEE . 59%

1905 Excluded

419 Arterial blood gas levels did not meet
inclusion criteria®

252 Unable to wean from noninvasive
ventilation (pH <7.30)
237 Unable to provide consent

157 Admission not due to an acute
exacerbation of chronic obstructive
pulmonary disease

131 Unable to tolerate noninvasive ventilation
128 Died prior to screening

96 Body mass index >35°

76 Had obstructive sleep apnea

51 Post decannulation or extubation during
index admission

46 Unable to complete assessment within 4 wk
of resolution of exacerbation

8 Decompensated with oxygen therapy©

8 Eligible but not randomized due to
clinician preference

296 Refused to participate

116 Randomized
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Home Oxygen Therapy Plus Home Oxygen Therapy Total

NIV (n=57) Alone (n = 59) (N =116)
Age, mean (SD), y? 66.4 (10.2) 67.1(9.0) 66.7 (9.6)
Body mass index, median (IQR)*® 21.5(18.8-24.5) 22.2 (17.9-26.9) 21.6 (18.2-26.1)
Prior use of long-term oxygen therapy, No. (%)? 40 (70) 40 (68) 80 (69)
>3 COPD-related readmissions within past year, No. (%)® 30 (53) 31 (53) 61 (53)
Female sex, No. (%) 29 (51) 32 (54) 61 (53)
Smoking history, median (IQR), pack-years 42.0 (30.5-60.0) 45.0 (31.0-55.0) 44.0 (31.0-60.0)
Apnea Hypopnea Index, median (IQR), /h¢ 2.4 (0.9-6.2) 2.0 (0.8-3.9) 2.2 (0.8-5.1)
Neck circumference, median (IQR), cm 36.3 (33.0-40.0) 38.6 (35.3-41.0) 37.0 (34.5-40.0)
Waist circumference, median (IQR), cm 90.0 (78.0-100.5) 87.5 (78.0-106.0) 88.0 (78.0-102.0)
FEV,, mean (SD), L 0.6 (0.2) 0.6 (0.2) 0.6 (0.2)
FEV, % predicted, mean (SD) 24.0 (8.6) 22.9 (8.6) 23.4 (8.6)
Forced vital capacity, mean (SD), L 1.8 (0.8) 1.5 (0.6) 1.7 (0.7)
Forced vital capacity % predicted, mean (SD) 57.4 (19.7) 49.3 (20.4) 53.2 (20.4)
Ratio of FEV, to forced vital capacity, mean (SD) 0.3(0.1) 0.4 (0.1) 0.4 (0.1)
Pao, while breathing room air, mean (SD), mm Hg 48 (9) 48 (8) 48 (8)
Paco, while breathing room air, mean (SD), mm Hg 59 (7) 59 (7) 59 (7)
Arterial pH while breathing room air, mean (SD) 7.40 (0.04) 7.40 (0.03) 7.40 (0.04)
St George’s Respiratory Questionnaire summary score, 74.7 (63.7-81.7) 71.0 (62.6-78.6) 73.8 (63.3-80.3)
median (IQR)®
Severe Respiratory Insufficiency Questionnaire summary score, 45.8 (15.0) 46.9 (15.6) 46.4 (15.2)
mean (SD)¢

Medical Research Council dyspnea score, median (IQR)f 5.0 (4.0-5.0) 5.0 (4.0-5.0) 5.0 (4.0-5.0)
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eTable 3. Ventilator adherence over trial follow up in home NIV with home oxygen therapy arm

Visit Number of patients Number of patients with Median usage®
attended adherence data (25™ to 75" percentile) hours/night
6 weeks 45 38 4.73 (2.50 to0 5.6)
3 months 40 34 6.02 (4.0t0 7.4)
6 months 40 30 537(3.48107.1)

12 months 36 26

Abbreviations: NIV = non-invasive ventilation.
“Mean daily use (hours/night) from individual patient ventilator card for each period is presented as group medians.




Primary outcome
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Unadjusted hazard ratio, 0.54 (0.34-0.84); P=.007
Adjusted hazard ratio,? 0.49 (0.31-0.77); P=.002
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Secondary outcome
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Cause of death Number
Home NIV Home Total
& home oxygen
oxygen therapy
therapy
Respiratory COPD 8 13 21
Pneumonia 4 2 6
Respiratory failure 2 2 4
Lung cancer 1 1 2
Cor Pulmonale 1 1
Non-respiratory Congestive cardiac 1 1
failure
Total 16 19 35

Abbreviations: COPD = chronic obstructive pulmonary disease; NIV = non-invasive

ventilation.



Secondary outcome
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Exacerbation
Frequency
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eTable 7. Annual exacerbation frequency per treatment allocation

Home NIV and Home oxygen
home oxygen therapy
therapy (N=59)
(N=57)
Medlan exacerbation’ rate per year (25 to 3.84 (1.68 t0 6.02) 5.06 (0.99 to
75t percentile) 9.19)
Adjusted rate ratio® (95% CI) 0.66 (0.46 to 0.95); p=0.03
Unadjusted rate ratio (95% CI) 0.64 (0.44 to 0.94); p=0.02




HedDPaO2, PaCO2

Day timeDiERKPaCO2EEICIEI3 s FEXTHEEESHD

No. of Patients Mean (95% C1), mm Hg Treatment Effect Within Each Group (95% CI), mm Hg® m::::?t;f&u:a a“mcm& R
Visit HO + NIV HO Alone HO + NIV HO Alone HO + NIV HO Alone Baseline Values (95% C1) Model (95% CI)® Value
(Re=)
ne‘ 57 59 59 (57 to 61) 59 (57 to 61)
53 (50 to 56) 57 (53 to 61) -6.2 (-8.6 to -3.8) -0.8 (4.4 to 2.8) -5.0(-8.8to -1.1) -5.0(-9.0 to -1.3)
53 (51 to 55) 56 (53 to 59) 6.3 (-8.5 to -4.1) -1.9(-49to 1.1) -3.8 (-6.9 to -0.7) -4.0 (-7.1 to -0.8)
6 mo 39 26 53 (51 to 56) 52 (49 to 56) -5.9 (-8.4 to -3.5) -5.5(=9.0 to -2.0) 0.5 (-3.2t04.1) 82 0.6 (-3.0t04.1) 75
12 mo 31 27 54 (50 to 58) 56 (51 to 60) -5.9 (-8.9 to -2.9) -2.3(-6.1t0 1.5) -3.0(-7.4t0 1.4) 18 -2.3(-6.5t01.9) 28
Baseline 57 59 48 (46 to 50) 48 (46 to 50)
Wk 6 42 34 53 (50 to 56) 52 (48 to 56) 5.0 (1.6 to 8.3) 2.8(-0.9 0 6.5) 1.3(-3.1t0 5.6) 57 1.6 (-2.6 t0 5.9) 46
3mo 40 34 53 (50 to 56) 54 (50 to 58) 4.7 (0.8 to 8.6) 4.5 (0.6 to 8.4) -0.6 (~5.4 10 4.2) 81 ~2.1 (~6.8 to 2.6) 37
6 mo 39 25 55 (52 to 58) 56 (52 to 59) 6.4 (3.2 t0 9.6) 7.7 (4.1 t0 11.3) -0.9 (-5.3 to 3.4) 67 -0.6 (-5.1 to 3.9) 79
12 mo 32 26 55 (50 to 59) 56 (51 to 62) 7.0 (2.9 t0 11.0) 7.0(1.8t012.2) -0.8 (~0.6 t0 4.5) 78 -0.1 (-5.3 t0 5.3) 99

PaO2icELTIREEELL




REmean CO2;EEILX6 vy ATIKBEEERRU

1 245BTIXEEREZRD S

Visit Number of Mean (95% CI) Treatment effect within each group @ Treatment P-value | Treatment effect P-value

patients included (mean difference from baseline effect (Mean (Mean between

in analyses (95%CI)) between group group difference

difference from from baseline
baseline (95% (95% CI))
. CD)

Home Home | Home NIV | Home Home NIV & Home oxygen Adjusted for Adjusted effect”

Oxygen | Oxyge | & home oxygen home oxygen therapy baseline effect” (95% CI)

Therapy | n oxygen therapy therapy (mmHg) (95% CI)

and therap | therapy (mmHg) (mmHg)

Home y (mmHg)

N1V
Mean tcCO,
Baselin | 57 59 65 65
e’ (6210 67) | (63 t067)
(pre-
treatme
nt) |
Day1 |45 46 56 65 -8.9 0.8 -8.9 <001 |-9.1 <.001
(on (53t059) | (62t067) | (-11.7t0-6.2)  (-0.5t00.7) | (-11.4t0-6.5) (-11.6 1o -6.6)
treatme
nt
6 24 16 53 56 -14.3 -8.6 -2.0 56 -4.7 A8
months (48t058) | (50t062) | (-19.7t0-8.9) ' (-15.2t0-1.9) | (-8.8104.7) (-11.6 t0 2.3)
12 24 19 50 61 -16.6 -4.4 -10.8 <.001 |-10.7 <.001
months (441055) (561t066) | (-21.5t0- (-10.1to 1.4) | (-16.8 10 -4.9) (-16.410-5.1)

11.6)
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Abbreviations: NIV = non-invasive ventilation; tcCO, = transcutaneous carbon dioxide.

aAd.]usted for baseline values only.
®Adjusted for number of COPD admissions in previous year, prior use of long term oxygen therapy (LTOT), age and BMI
“Missing baseline (pre-treatment) results were replaced with mean imputation

"Repeated measures ANOVA p-value <0.001 between group difference.

Visit Number of Mean (95% CI) Treatment effect within each group | Treatment P-value | Treatment effect P-value
patients included (mean difference from baseline effect (Mean (Mean between
in analyses (95%CI)) between group group difference
difference from from baseline
baseline (95% (95% CI))
CD)
Home Home A Home NIV | Home Home NIV & Home oxygen Adjusted for Adjusted effect”
Oxygen | Oxyge | & home oxygen home oxygen therapy baseline effect” (95% CI)
Therapy | n oxygen therapy therapy (mmHg) (95% CI)
and therap | therapy (mmHg) (mmHg)
Home y (mmHg)
NIV
Max tcCO,
Baselin | 57 59 76 76
e’ (7310 79) | (74 to 79)
(pre-
treatme
nt)
Day 1 45 46 67 75 -9.2 0.1 -8.9 <001 | -9.2 <.001
48 to 71 72 to 78 -13.0 to -5.3 -0.7 t0 0.8 -12.2 t0 -5.5 -12.5 to -5.6
6 24 16 8.1 65 -17.5 -7.3 -5.8 14 -8.2 04
months (7.3 to (58t073) |(-23.0to- (-15.0t00.5) | (-13.3t0 1.8) (-16.1 to -0.3)
8.8) 11.9)
12 23 18 1.7 74 -21.1 -2.3 -16.8 <001 |-16.2 <.001
months (6.9 to (67 to 80) | (-27.8 to - (-10.4105.9) | (-24.7 to -8.8) (-24.0 to -8.5)
8.4) 14.3)



Health-Related Quality of Life

Between-Group

Between-Group

: i ’ f fithi % Cl)? - - - :
No. of Patients Mean (95% Cl) Treatment Effect Within Each Group (95% Cl) Difference Adjusted for p Difference Fully Adjusted P
Visit HO + NIV HO Alone HO + NIV HO Alone HO + NIV HO Alone Baseline Values (95% C1) Value Model (95% CI)® Value
Severe Respiratory Insufficiency Questionnaire (0 = worst quality-of-life score; 100 = best)
Baseline 57 59 45.8(41.9t049.7) 46.9 (42.9 to 50.9)

50.6 (46.0 to 55.1)

49.2 (44,1 to 54.3)

38(0.5t07.2) -20(-5.8t01.7)

49 (0.4 t09.3)

4.5 (0.0t0 8.9)

3 mo 40 32 52.1(47.6 to 56.5) 499 (45410 54.3) 39(04107.5) -0.2 (-4.0t0 3.7) 3.7 (-0.8t08.2) 10 35(-1.0t08.1) A3
6 mo 40 26 50.7 (46.4 to 54.9) 53.2(47.0 to 59.5) 32(-0.4t06.7) -0.6 (-5.2104.1) 20(-3.0t06.9) A3 1.5(-3.5t06.6) .56
12 mo 35 26 49.8 (44.3 to 55.3) 53.9(47.6 t0 60.2) 1.5(-1.9t04.9) 0.7(-3.9t05.3) 0.1 (-5.0t05.2) 96 0.4 (-5.4t04.7) .89
St George's Respiratory Questionnaire (0 = best quality-of-life score; 100 = worst)

Baseline* 57 59 71.9(68.1 t0o 75.7) 69.0 (65.6 to 72.5)

Week 6 44 37 68.3 (63.8t072.8 65.7 (62.2 to 69.3 -2.7(-5.3t00 -20(-58t0 1.7 04(-34t04.2 .84 0.7 (-3.2t04.5) .74

62.9 (58.0 t0 67.7) 66.0 (62.4 to 69.5) -6.2 (-9.4 to -3.0) -14 (-481t02.1) -4.3 (-8.4 t0 -0.2) -4.9 (-8.8 to -0.9)

6 mo 40 27 67.3(628t071.9) 61.9 (56.0 to 67.7) 2.4 (-5.1t004) ~-3.2 (8.7 to 2.3) 22(-28t07.1) 40 3.0(-2.0t0 8.0) .24
12 mo 36 28 69.0 (64.0 to 74.0) 64.5 (59.4 to 69.5) 0.3 (-3.3t04.0) -0.8 (5.2 to 3.6) 2.27 (-2.59 to0 7.14) .36 2.3(-26t07.1) .36

Severe Respiratory Insufficiency Questionnaire Tl
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St George’s Respiratory Questionnaire™i&
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Limitation
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1.B3VNI2. CRIRSBE-RERDHD. 3. D(a)~(Cc)LWFNHEBLITES.
1. D R B 6t /=% EC PREGF ODFRAE - IR EE /2R B B DIETE EDERIERD B D
2 A EIF N TJ[ES R DRRE - TROZEIEED M 0DER.
3.(a)PaCOz2=55mmHg
PaCO2D5¥ il B2 RIRAEATIE A5 E FOBERMRAROPaCO:2, BEREMRAZ L TULEL
EFDIHS . 2R T THMT Do
(b)PaCO2<55mmHg T 2h' . 7R DK TIC KD {EEE RINAEZEEH D IER
mEOEFRLERE FCRERBIERUVALA/ITS574— (PSGQ)HDHVISpO2EZF—ZEERL.
Sp02<90%h'557 M Ll L# T DD\, B DX EED10%LL L& S DR F /e AR S ER
b5 SRITIRAE IR 3F (OSAS) SHERI T B MG EEEMIFIR (nasal CPAP) M d TIX7RE DFEITMR,
BRIERD el UIEVEER
(C)RERADPaCO2<55mmHg TH N, @ B L RIMEZF SBBARZEDIRT IR,

NPPVAA KZ4 VETE2R BARKZFZSNPPVAAL RS54 VEREES (R 2015
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