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ABBREVIATIONS

6MWD 6-minute walk distance

6MWDo> 6-minute walk distance by using supplemental oxygen
6MWDga 6-minute walk distance by using room air

6MWT 6-minute walk test

6MWTo2 6-minute walk test on supplemental oxygen

6MWTRra 6-minute walk test on room air

BMI Body mass index

COPD Chronic obstructive pulmonary disease

DLCO Diffusion capacity of the lung for carbon noxnde
EIH Exercise-induced hypoxemia

FEV: Forced expiratory volume in 1 second

FEVY/FVC  Ratio of FEV and Forced vital capacity (Tiffeneau Index)

HYX Resting hypoxemia

LTOT Long-term oxygen therapy

MID Minimal important difference

NOX Normoxemia

O2_suppl. Supplemental oxygen

PaCQ Partial pressure of carbon dioxide
PaQ Partial pressure of oxygen

RA Compressed room air

RV Residual volume

TLC Total lung capacity
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ABSTRACT

Background: The acute effect of supplemental oxygen duringrege has been shown to
differ largely among patients with COPD. It is uokm what the oxygen response is
influenced by.

Methods: In a randomized and single-blinded fashion, 124P0O patients underwent one 6-
minute walk test on supplemental oxygen (6My¥Tand one on compressed room air
(BMWTRra) after a practice 6MWT. Both gases were delivenedstandard nasal prongs (2
liters/min). For analyses, patients were stratifieded on Pafralues: (a) 34 patients with
resting hypoxemia (HYX), (b) 43 patients with exsecinduced hypoxemia (EIH) and (c) 31
normoxemic patients (NOX) were compared.

Results Oxygen supplementation resulted in an increagerafnute walk distance (6MWD)
in the total cohort (+27+42m, p<0.001) and in thgroups of HYX (+37+40m, p<0.001)
and EIH (+28+44m, p<0.001), but not in NOX patie(#45+43m, p=0.065). 42% of HYX
and 47% of EIH patients improved 6MWD to a clinicalevant extentX30m) by using
oxygen. These oxygen responders were charactebyedignificantly lower 6MWID@QRa
compared to patients without a relevant respon€¥xB06m vs. 358+113m, p<0.05).
Although SpQ was significantly higher during 6MWsE compared to 6MWH, in all 3
subgroups, it dropped below 88% during 6M¥YTn 73.5% of HYX patients.

Conclusions In contrast to NOX patients, HYX and EIH generalbenefit from
supplemental oxygen by increasing exercise capatitywever, less than half of them
reached the threshold of clinical relevant improeats. These oxygen responders were
characterized by significantly lower exercise céydevels.

Trial registry : ClinicalTrials.gov; No.: NCT00886639; URL: wwwiicaltrials.gov.
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INTRODUCTION

Supplemental oxygen (Qupp) used during exercise testing has shown a diresitipe effect

in patients with moderate to severe COPD, as sumathin the British Thoracic Society
guidelines for home oxygen use in addltShese benefits are attributed to several
mechanisms such as a delayed lactic acidosis, r@agsd dynamic hyperinflation due to a
slower breathing pattern and decreased pulmongeyygsressure$? Furthermore, improved
oxygen delivery and uptake in respiratory and pesipl muscles were observed in COPD
patients by using Osuppl.”

These effects were discussed to result in increlalsed oxygenation, decreased symptoms of
dyspnea and higher exercise capacitiés.Cochrane Review focused on the impact of
O2_suppi.during a single exercise intervention on exerpisgormance in moderate to severe
COPD patients with variable resting levels of hypmia (Pa@ 52 to 85mmHg]. O2_suppl.
improved 6-minute walk distance (6MWD) by only 1®@mmpared to compressed room air
(RA). Noticeably, the sample sizes of these 3listudiere rather limited (range: n=5 to 41),
and the mean change in 6MWD showed a wide ranga Bm to 52m. As the minimal
important difference (MID) is assumed to3@0n7, the clinical relevance of the direct effect
of O supp, oN 6MWD s difficult to interpret. Data about difent individual responses to
O2_suppl.in COPD patients with different resting levelstgfpoxemia were not available, as
this was also discussed as a limitation by theasth

Although COPD patients with normoxemia at rest @l as during exercise are not eligible
for LTOT or ambulatory oxygen, Qupp.has been found to decrease dynamic hyperinflation
and to prevent exercise-induced oxidative stresth@se patients® However, in a small
group of 9 normoxemic COPD patients, £p1.did not improve 6MWD.

In order to provide @s,pp.to COPD patients who would benefit from this intertion, it is

of clinical importance to detect patients with gthi“‘oxygen response” and to gain more
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knowledge about the direct oxygen-related effeetpecially in subgroups with different
levels of oxygenation.

Therefore, the primary aim of this randomized colled cross-over trial was to investigate
the direct effects of Osyppi. VS. compressed RA on the 6MWD and 6-minute walit te
(6MWT) variables in a cohort of patients with sev@o very severe COPD. Furthermore,
oxygen-related effects were compared between thudggroups of patients with various

resting levels of oxygenation.

METHODS

This prospective, randomized, placebo-controllethgls-blind, cross-over study was
conducted in accordance with the Bavarian Ethiasi@idtee (ID 08079). It was registered on
clinicaltrials.gov (NCT 00886639) on 2April 2009 after enrolling 20 pilot patients (dtag

in December 2008) who were not included in the entrranalyses. All subjects provided

informed written consent.

Patients

Patients with severe to very severe COPD (GOLD estdy 1V) entering an inpatient
pulmonary rehabilitation program at the Schoen iKllBerchtesgadener Land (Schoenau am
Koenigssee, Germany) were asked to participate.luBxn criteria were a COPD
exacerbation within the last 4 weeks prior to dnmeht, acute coronary syndrome, and/or any
disability that inhibited patients to perform a 6MW

According to the recent GOLD guidelit@s patients were divided into three groups
retrospectively, depending on the level of oxygemat[1] Hypoxemia at rest and following
exercise (HYX): Pa@ <55.0 mmHg at rest and during exercise; [2] exerrideced
hypoxemia (EIH): Pa@>55.0 mmHg at rest and55.0 mmHg during 6MWT; and [3]

normoxemia (NOX): Pag>55.0 mmHg at rest and during exercise.
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Assessment

On day 1, all patients performed post-bronchodilatody plethysmography and
measurement of single-breath diffusion capacityheflung for carbon monoxide (DLCO) in
accordance to the ATS guidelings?

On day 2, patients underwent a practice 6MWT unaal-life conditions (RA or @
supplementation as prescribed by their physicianininimize the influence of a potential
learning effect® Patients underwent two additional 6MWTs on day@8 4 in random order:
one on suppl®(6MWTgo,) and one on compressed RA (6MWY. Liquid oxygen (Linde
AG, Pullach, Germany) and compressed RA (AGA Galietuna, Sweden) were applied by
using identical cylinders and a constant flow dft@rs/minvia common nasal prongs. The
cylinder was carried in a backpack by the investigan order to blind the patients to the
provided gas mixture. The interval between the sé@nd third 6MWT was 24+1 hours. All
tests were conducted by the same investigatoa(id)were performed according to the ATS
guidelined* with additional continuous monitoring of oxygentwsation (Sp®) and heart
rate. Data were analysed at rest, at 1, 3:30 amdn@ites of the 6MWT (Konica Minolta,
Pulsox 300i, Osaka, Japan). To prevent patienta fietecting the type of applied gas, heart
rate and Sp®were recorded by a pulse oxymeter not visibletlier patients during the test.
Additionally, before and after each test, patientye asked to rate the level of perceived
dyspnea on a modified Borg scale (0-10 poifitsfaQ and PaC® were measured in
capillary blood from the earlobe, which is a comnad well validated method in stable

COPD patient$®'” Values were assessed before and directly followiegsMWTSs.

Statistics
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Patients were randomly assigned to start eithen 8MWTo, or 6MWTra. Randomization
was performed with a 1:1 ratio, on the basis ofednuted blocks with constant length
(n=31).

Assuming a two-sided alpha level of 0.05 and a powfe95%, a sample size of n=124
including a drop-out rate of 15% was necessaryetead a clinically relevant difference of
6MWD of at least 30m between the two condition$e@fsize: 0.35).

The “oxygen response”, defined as 6MWininus 6MWLDLxa, was determined as the primary
outcome parameter. Patients who increased their BMWat least 30m due t0,Qypp. Were
defined as "oxygen responders”. As secondary ouwdspinanscutaneous Sp(heart rate,
PaQ, PaCQ as well as dyspnea and fatigue levels rated ondified Borg scale were used.
After checking data for normal distribution, compans of 6MWT outcomes between
6MWDo, and 6MWDxa were made by paired t tests. An ANOVA was useddtermine
differences between HYX, EIH and NOX COPD patiaetgarding the effects of Qupp. TO
detect differences in the characteristic of oxygesponders and non-responders, an
independent groups t-test was used. Due to thetHattNOX patients were not expected to
improve 6MWD to a clinical relevant extent by usi@g supp this subgroup analysis only
included HYX and EIH patients.

All data was processed in PASW Statistics 18.0 ¢&o, IL, USA). Statistical significance

was assumed if two-tailed p-value was less thab.0.0

RESULTS

Patient characteristics

124 patients were randomized and 108 completed shuely Eigure 1). Baseline
characteristics of 31 NOX (29%), 43 EIH (40%) add-8Y X patients (32%) are summarized

in Table 1L
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Total COPD group

In the total cohort of 108 patients, 6MWD increaseim 349m to 376m by using Quppi.
(+27m [95%CI: 19 to 35m] p<0.001). Moreover, 45i@ats (41%) reached the threshold for
clinical relevanceX30m), while 8 patients (7%) walked further on coegzed RA.

SpG and Pa@values at the end of 6MW} were significantly higher compared to 6 MAAT
(+5.9%, p<0.001 and +9.8mmHg, p<0.001). Heart veds comparable after both 6MWT
conditions. Symptoms of dyspnea were significaitiwer after 6MWT, compared to

6MWTRga (-0.9 pts., p<0.001), whereas leg fatigue diddiféer (-0.1 pts, p=0.495).

Subgroups with different PaG; levels

Primary and secondary outcomes of the 3 subgropprasented itable 2 6MWDgra was
significantly lower in HYX compared to EIH and NQpétients. HYX patients needed longer
stops during 6MW & compared to EIH and NOX patiergad showed a lower walking speed
(2.5+1.8 km/h vs. 3.6+1.1 km/h and 3.6£1.1 km/hjimaignificant group differences between
HYX vs. EIH and NOX patients.

By using Q, 6MWD increased in HYX and EIH, but not in NOXtjgats Figure 2). A
clinically relevant improvement ot30m was observed in 47% of HYX, 42% of EIH and
26% of NOX patients Kigure 3). These oxygen responders had a significantly towe
6MWDga compared to non-responders (306£106m vs. 358t1p305). All other clinical

and 6MWTra data did not show any significant between-grodfedince Table 3).

O, _supp.improved Sp@by 8.5% (HYX), 5.4% (EIH) and 3.5% (NOX) directigllowing the
6MWT in comparison to RAKigure 4). Nevertheless, in 73.5% of HYX, 76.2% of EIH and
16.1% of NOX patients SpQiropped below 88% or declined b%% in the 6MWT,. Also

the Pa@ values at the end of 6MW} were significantly higher compared to 6MAATIN all
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3 groups. PaCPOlevels were significantly higher at the end of 6NI¥Y compared to
6MWTgra in HYX and EIH but not in NOX patients.

Dyspnea scores at the end of 6M¥yWere significantly lower compared to 6MW4in EIH
and NOX patients. The reduction, however, did meich significance in HYX patients. 24%
of HYX, 19% of EIH and 19% of NOX patients had alwetion in end-exercise dyspnea
scores of1 Borg point by breathing Osupp. NO significant between-group differences were

observed.

DISCUSSION

Our findings reveal that COPD patients with restimgexercise-induced hypoxemia but not
with normoxemia generally benefit in a clinicalilevant magnitude from Qy,ppi. regarding
6MWD and Sp@. Noticeably, less than half of HYX and EIH patemnéached the threshold
for clinically relevant 6MWD improvements by breatty O, supp. These oxygen responders

were characterized by significantly lower exeraapacity levels during 6MWRL.

Oxygen-related effects on exercise capacity

For hypoxemic COPD patients,,Qyp. has been shown to improve exercise capacity,
dyspnea and oxygenatidhln accordance, our results in the total group (R7in HYX
(+37m) and in EIH patients (+28m) confirmed thisrlegching a significant improvement in
6MWDO, compared to 6MWRaA. As a clinical implication, it seems to be crucial
standardize 6MWTSs by using or not Qpiin order to evaluate interventional treatments, e.g
pulmonary rehabilitation and to avoid bias causgdxygen-related effects.

The recent ATS/ERS statement on field tests disclias increase ¢f30m in 6MWD with a
variability of 25 to 33m as clinically relevaht? However, only 47% of HYX and 42% of

EIH patients who have a general indication for kbegn or ambulatory oxygen therapy were
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able to reach this level of clinical relevance tsing G <. In order to evaluate the
characteristic of these oxygen responders, patieets divided into two subgroups of oxygen
responders and non-responders. As a result, patiatit lower exercise capacity level were
detected to respond the most te £, We assume that xOncreases oxygen delivery to
peripheral muscles and may reduce glycolytic mdistno during exercise in oxygen
responders. Thus, metabolic acidosis which is @ngtistimulus for ventilation as well as a
limitation for exercise tolerance is delay@dAs we did not detect lung function parameters
differing between responders and non-responderggemxprocessing systems such as
oxidative enzymes in skeletal muscles might plakegy role in explaining the oxygen
response.

In normoxemic COPD patients, »@elated effects are contradictory. Emtner et al.
demonstrated that Qpp.used during a 7-week exercise training progranblesgpatients to
keep training intensity at a higher level and tfeee to improve endurance capacity
significantly more compared to compressed-aliowever, no significant increase of 6SMWD
was observed in NOX patients included in our stwtlich is in line with the finding of Jolly
et al.? This discrepancy might rely on the different metblogy of applying oxygen as an

adjunct to a several week exercise training progvajust during a single assessment.

Oz-induced improvements in 6MWD we observed in owdgtwere higher compared to
results reported in a systematic reviéThey found that @ pp.improved 6MWD by 19m

in hypoxemic patients, with a wide heterogeneitynaen the 8 included studies (from 6m to
52m; heterogeneity was defined 4s20% in a fixed-effect model). Most of these studies
used a very short time interval between the two 6MW10 to 60min) compared to ours
(24h). This may partly explain the diverging resutecause muscle regeneration is further
progressed after 24h and may facilitate perforntivegfollowing 6MWT. Furthermore, in the

studies included in the review patients could bwtifferentiated by the level of oxygenation
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which was speculated to be a potential reasontferwide range of oxygen response in
6MWD. Also low vs. high doses of Qvere used in these studies that might have infleen

outcome parametefs.

Other oxygen-related effects

SpQG increased in the total group and in the 3 subgdupusing @ suppl, Which is in line
with the current literaturé? However, there is not enough evidence to show tH&iSpQ
increase 0k4% observed in NOX patients is of any clinical velece. Although 39% of
NOX patients declined in Spy >4% during 6MWRa, values of Sp@and Pa@ did not
drop below the protective threshold of 88% and BfriHg, respectively. Nevertheless, in
73.5% of HYX and 76.2% of EIH patients Sp@alues dropped below 88% during the
6MWT, although using @suppi. IN Most of HYX and EIH patients,,Qppi0f 2I/min was not

sufficient to enhance Sp@bove 88%.

Symptoms of dyspnea were reduced by more than {Bedfl1 point on the Borg scaf€ by
using Q_suppi.in EIH and NOX patients. Jolly et al. observeaduction of dyspnea by using
O2_suppl.during 6MWT in COPD patients who desaturated duerercise (-2.1 Borg points)
and in those who did not (-2.2 Borg poirtsdn our study, HYX patients did not show a
clinically relevant reduction of dyspnea. This able explained by the longer 6MWD that
HYX patients were able to walk during 6MWI

We observed a moderate increase in, G®els during 6MW§,. Although, HYX and EIH
patients reached the threshold for hypercapniasgbent guidelines for diagnosis and therapy
of COPD stated that a Pagicrease attributable to ;Qupp. Up to <60-70mmHg is no
contraindication for the use of & In addition, we also observed an increase of, CO
retention during 6MWT without ©syppi. that might indicate an exercise-induced increase

which is independent onQppi.
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In our study, some limitations have to be consideférst, we performed 6MWgL on 2
liters/min of oxygen. Although some patients wobhlave needed more than 2l/min o O
during exercise to prevent from hypoxemia, we dettitb standardize the procedure to this
flow rate. With regard to the dose-dependent efféaixygen’ patients might have reached
higher Q benefits with higher flow rates. Additionally, iour study the investigator has
carried the oxygen cylinder in order to determihe pure oxygen-related effects. Carrying
the device is an additional burden for the pati¢hnés might affect physiological parameters
in daily life?* Furthermore, the results of the three subgroupstrbe interpreted with
caution, since the sample size calculation resuhed=124 patients (minus 15% drop-out

rate), while the subgroups are clearly smaller.

In conclusion, @ syppi. generally improved exercise capacity and oxygenain COPD
patients with resting as well as exercise-inducgdokemia. However, these short-term
benefits differed highly among patients who fuéfdl the official criteria for ambulatory
oxygen therapy.Further studies have to evaluate the long-termefitsnof Q_suppl. during

exercise in EIH patients.
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TABLES

Table 1. Baseline characteristics
Total HYX EIH NOX

(n=108) (n=34) (n=43) (n=31)
Male, % 67 (54) 27 (79)* 24 (56) 13 (42)
Age, y 63 (9) 65 (8) 63 (8) 63 (11)
BMI, kg/m? 24.8 (5.0) 26.1 (5.7) 24.3 (4.8) 24.7 (4.4)
FEV., % predicted 35.3 (11.5) 29.8 (8.4 35.8 (12.7)  40.8(9.9)
FEV2/FVC, % 45 (12) 45 (13) 41 (10) 49 (13)
TLC, % predicted 126 (19) 120 (20) 130 (19) 124 (16)
RV, % predicted 224 (55) 225 (59) 230 (52) 208 (48)
DLCO, mmol/min/kPa 35.8 (17.3) 29.7 (153) 32.7(12.4)  46.1(20.6)
riar‘n%'agt restwithroomair, 5o 9.9 gy | 49.4@7* 607 @.2) 68.2(11.3)
m?% atrestwithroomair, 547 50y 44.0 (647"  38.9(6.1)  35.6 (5.0)

Values are mean (SD) unless otherwise noted. BMiiyBmass index; FEMForced
expiratory volume in 1 second; FE¥VC= ratio of FEM and Forced vital capacity
(Tiffeneau Index); TLC=total lung capacity; RV=résal volume; DLCO=diffusion capacity

of the lung for carbon monoxide.

#p<0.05, ##p<0.01, ###p<0.001 (compared to EIH)
*p<0.05, **p<0.01, **p<0.001 (compared to NOX)
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Table 2 —End-exercise values of 6MWT outcomes in COPD patiénwith hypoxemia (HYX), exercise-induced hypoxemiéEIH) and

normoxemia (NOX)

HYX (n=34) EIH (n=43) NOX (n=31)
mean difference mean difference 6MWDga 6MWDo, mean
6MWTgra 6MWTo, (95%Cl) 6MWTra 6MWTo, (95%CI) difference
(95%CI)

. 37 28 15
Distance, m 283 (110) 320 (105) (23 to 51y 377 (96) 404 (94) (14 to A1)+ 380 (103) 395 (97) (-1 to 30)
Stop length, sec 33 (69) 14 (30) -19 (-(2t0 -37)* (28) 4 (13) -5 (0 to -9)* 6 (16) 1(5) S5(-11tp 2

8.5 5.4 3.5
SPQ, % 75(9) 84®)  6at0106y 00 8O 4qipp7p 880 92050 (1.81t0 0.8
decline of >4% or
end-SpQ < 88%,% 94 74 -20 100 76 -24 39 16 -23
of patients
. -2.9 -1.0 -1.8
Heart rate, beats/min 112 (19) 109 (18) (-6.5 t0 0.6) 115(16) 114 (15) (-5.0 t0 3.0) 109 (16) 108 (16) (-6.1 t0 2.5)
PaQ, mmHg 42 (7) 51 (8) 9 (6 to 12)*** 47 (5) 57 (9) 018to 12)** 64 (15) 75 (15) 11 (7 to 14)***
PaCQ, mmHg 46 (8) 48 (7) 3 (1to 5)** 43 (8) 45 (8) Pto 3)** 38 (6) 39 (6) 1(-1to2)
-0.6 -1.1 -1.1
Dyspnea, Borg 7.1 (1.9) 6.5 (1.6) (-1.3 t0 0.1) 6.9(1.8) 5.8(1.9 (-1.6 to -0.5)*** 6.1 (1.8) 5.0 (1.7) (-1.7 t0 -0.5)**
. -0.1 -0.2 0.0
Leg fatigue, Borg 4.3 (2.8) 4.2 (2.3) (-0.7 10 0.5) 3.0(25) 2.7(2.0) (-0.8 t0 0.4) 3.6 (2.2) 3.5(2.1) (-0.9 t0 0.8)

Values are mean (SD) and deltas as mean. 6N/ B-minute-walk test on room air; 6MWJ=6-minute-walk test on oxygen. Dyspnea and
Fatigue were rated on a modified Borg scale (0-d4th higher scores denoting more severe sympt®psg).05, **p<0.01, ***p<0.001
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Table 3: Characteristics of oxygen responders compad to non-responders.

Oxygen Non- Between-group
responder responder differences

(n=34) (n=43) (p value)
Male, % 55.8 61.5 n.s.
Age, y 63 (7) 65 (9) n.s.
BMI, kg/m? 24.1 (4.6) 25.9 (5.6) n.s.
FEV1, % predicted 30.8 (9.6) 35.0 (12.4) n.s.
FEV1/FVC, % 43 (10) 43 (13) n.s.
TLC, % predicted 126 (22) 126 (19) n.s.
RV, % predicted 232 (61) 224 (50) n.s.
DLCO, mmol/min/kPa 29.7 (14.4) 32.9 (13.0) n.s.
PaQ at rest with room air, mmHg 55.5 (7.0) 55.8 (6.9) .S.n
PaCQ at rest with room air, mmHg 42.0 (7.1) 40.5 (6.3) n.s.
End-exercise PaOmmHg 45.1 (6.7) 44.6 (6.1) n.s.
End-exercise PaCOmmHg 45.5 (7.6) 42.9 (8.2) n.s.
End-exercise dyspnea, Borg score 7.3 (1.7) 6.7 (1.9 n.s.
End-exercise Sp)H% 77 (9) 77 (7) n.s.
End-exercise heart rate, bpm 114 (20) 113 (15) n.s.
Stop length during 6MWHa, sec 31 (65) 10 (33) n.s.
6MWDga, m 306 (106) 358 (113) <0.05

All end-exercise data were measured under roornaaidition (6MWTra). Values are mean
(SD) unless otherwise noted. Oxygen responder=patiwith 6MWD improvements30m
due to supplemental oxygen. BMI=Body mass indexXy EEorced expiratory volume in 1
second; FEVFVC= ratio of FEM and Forced vital capacity (Tiffeneau Index); TLG=l
lung capacity; RV=residual volume; DLCO-=diffusiorapacity of the lung for carbon
monoxide; 6MWxa=6-minute-walking distance on room air conditions.
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FIGURE LEGEND

Figure 1: Flow diagram

Figure 2. Direct effect of supplemental oxygen compared¢dampressed room air on the 6-
minute walk distance (6MWND) in hypoxemic patieritb/X), patients with exercise-induced
hypoxemia (EIH) and normoxemic patients (NOX). Bamérks the minimal important
difference for the 6MWD (range: 25-33)

#p<0.001

Figure 3: Three groups were created according to the oxyglated effect on the 6-minute
walk distance: (a) no benefit@m), (b) increase < 30m and (c) a clinically rel@vaenefit of
>30m *°. Data are presented in hypoxemic patients (HY>&)jemts with exercise-induced

hypoxemia (EIH) and normoxemic patients (NOX).

Figure 4: Oxygen saturation (SpPduring 6-minute walk test with oxygen {Qversus room
air (RA), measured pre, 1 minute and 3:30 minufes gtarting and directly following the
test in hypoxemic patients (A), patients with exsanduced hypoxemia (B) and

normoxemic patients (C). Dashed line marks thegatote 88% threshold.
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CONSORT 2010 Flow Diagram
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