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Hypothesis: We hypothesized that high flow trans-
tracheal oxygen (HFTTO) will improve exercise
tolerance as compared with low flow transtracheal
oxygen (LFTTO) and that transtracheal oxygen (TTO)
will increase exercise tolerance with less dyspnea as
compared with nasal prongs (NP) at equivalent
oxygen saturation (SaQg).

Patient selection: Ten subjects, six male and four
female, who were already receiving TTO were re-
cruited for the study.

Study design: Each subject underwent a total of four
modified progressive treadmill tests in a single-
blind randomized fashion on two separate days.
Two tests were performed with the patients receiv-
ing LFTTO and HFTTO while the other two were
performed with low- and high-flow oxygen by NP.
The flows were adjusted to provide equivalent
oxygen saturations at rest for respective groups.
Results: The meantSD exercise distance with

Previous reports with transtracheal oxygen (TTO)
have demonstrated improvements in exercise
capacity as judged by exercise time,! 12-min walk
distance? and distance walked on the treadmill.® The
effect of oxygen flow via transtracheal catheter on
exercise tolerance and sensation of dyspnea has not
been well studied. A previous study by Couser and
Make* found significant reduction in inspired minute
ventilation Vi with TTO. They demonstrated that
low-flow TTO (LFTTO) at 2 L/min decreased Vi by
28 percent, and increasing the TTO flow to 6 L./min
decreased Vi further to 49 percent of baseline when
TTO is not used. Kollef and Johnson® demonstrated
that the sensation of dyspnea as measured by the
visual analog scale is modified by TTO and
transtracheal air and is unrelated to the oxygen
saturation (SaQy) level. It was felt that TTO reduces
the inspiratory work of breathing and may be the
reason for decreased dyspnea and increased exer-
cise tolerance.
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HFTTO (1,134+631 ft) was 2.5 times greater than
with LFTTO (446+328 ft; p<0.006); and high-flow
NP (HFNP [1207+763 ft)) was 2.38 times greater
than with low-flow NP (LFNP[492 + 487 ft;
p<0.005]). There was no significant difference in
exercise distance and dyspnea scores with HFTTO
as compared with HFNP and LFTTO versus LFNP.
Conclusion: We conclude that the use of high-flow
oxygen via both transtracheal catheter and NP
significantly increased exercise tolerance in our
COPD patients when compared to low-flow oxygen.
Transtracheal oxygen did net increase maximum
exercise tolerance with less dyspnea as compared
with oxygen via NP at equivalent SaQ,.

(Chest 1994; 105:1061-65)

HFNP=highflow nasal prongs; HFTTO=high-flow
transtracheal oxygen; LFNP=low-flow nasal prongs;
LFTTO=low-flow transtracheal oxygen; NP=nasal
prongs; TTO=transtracheal oxygen

Based on the aforementioned studies, we hypoth-
esized that high-flow TTO (HFTTO) will improve
exercise tolerance as compared with LFTTO and
that TTO will increase exercise tolerance with less
dyspnea as compared with oxygen via nasal prongs
(NP) at equivalent SaQs.

METHODS
Subject Selection

Ten subjects, six male and four female, who were receiving
TTO therapy were recruited for the study. All subjects gave
informed consent, and the study was approved by the Institu-
tional Review Board for Human Studies.

Design of the Study

Each subject underwent a modified progressive treadmill test
protocol. This consisted of an initial work load set at 1 mile per
hour (mph)/0 percent grade. The grade was kept constant but
the speed was increased by 0.5 mph every 2 min. Endpoints for
the exercise test were decreased SaO; to less than 85 percent,
marked shortness of breath, chest pain, rhythm disturbance, or
patient inability to continue. Distance in feet walked on the
treadmill was recorded for each study. Sensation of dyspnea was
recorded on a numeric Borg® scale ranging from 0 to 10.
Saturation, dyspnea scores, and heart rate were recorded every
minute while the subjects were on the treadmill and during the
final seconds of exercise. Subjects also were asked every minute
if they could continue with the exercise study.
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Table 1—Clinical and Demographic Characteristics of Patients

Forced
Vital Low Flow, L/m High Flow, L/m
Patient FEV,, L Capacity, L - -~
No. Age, yr/Sex (% Predicted) (% Predicted) NP TTO NP TTO
1 64/M 0.66 (19) 1.81 (37) 3.0 1.75 7 6
2 60/M 0.37 (13) 1.19 (81) 1.5 0.5 3 3.5
3 73/M 1.65 (53) 2.87 (64) 3.0 2.0 8 5
4 63/M 0.67 (29) 1.67 (53) 0.25 0.25 4 4
5 61/F 0.58 (30) 1.58 (61) 1.0 0.5 5 3
6 61/M 0.82 (24) 2.83 (67) 2.5 1.5 8 6
7 55/F 1.43 (67) 2.68 (94) 1.0 1.5 7 7
8 52/F 0.82 (30) 2.10 (62) 3.0 1.0 8 8
9 69/M 0.97 (34) 1.77 (44) 0.5 0.5 4 3.5
10 72/M 1.05 (36) 3.10 (71) 0.5 1.0 5 5
Mean +SD 63+6.8 0.87 (33)£0.44 (18) 2.10 (58) £0.65 (19) 162+1.3 1.05+0.61 5.9+191 5.1+1.64
Each subject underwent a total of four treadmill tests. Two Statistical Analysis

tests were performed with the patient receiving LFTTO and
HFTTO while the other two were performed with low- and
high-flow oxygen by NP. The flows were adjusted to provide
equivalent SaO;, values at low and high flows. Following are
determinations for LFTTO, HFTTO, low-flow NP (LFNP), and
high-flow NP (HFNP):
LFTTO—0.25to 2 L Og to maintain SaOg 92 + 1 percent at rest
HFTTO—S3 to 8 L. O3 to maintain SaOg 98 +1 percent at rest
LFNP—O0.5 to 4 L Og to maintain SaOg 92 + 1 percent at rest
HFNP—3 to 8 L O; to maintain SaOg 98 + 1 percent at rest
In order to make this a single-blind study, subjects received 0.5
L of airflow via NP when they received TTO and vice versa, 0.5
L of air via transtracheal catheter when they received oxygen via
NP. In addition, both air and oxygen flowmeters were hidden
from the subject’s view. The four tests were randomized and
done on two separate days with two tests per visit. Exercise tests
were conducted at the same time of the day with a minimum
period of 30 min of rest between each test.

All values were expressed as mean + SD. Differences between
low- and high-flow oxygen systems were analyzed by nonpara-
metric Wilcoxon matched pairs signed rank test. A value of
p<0.05, after adjustment for multiple comparisons, was consid-
ered to be statistically significant.

RESULTS

Clinical and demographic characteristics are listed
in Table 1. All patients had moderate to severe
COPD. Mean+SD oxygen flow rates for LFTTO
and LFNP were 1.05+0.61 L./minand 1.62/ £ /1.3L/
min, respectively; whereas HFTTO and HFNP
were 5.1+1.64 L/min and 59+1.91 L/min, re-
spectively.

Nine of the ten subjects walked significantly
farther on both high-flow systems when compared

Table 2—Maximum Distance, Dyspnea Score, Saturation, and Heart Rate During Exercise Tolerance Studies

Low Flow High Flow
Dyspnea Dyspnea
Distance, ft Score Sa0.%* Heart Rate Distance, ft Score Sa0.%* Heart Rate

Patient NP TTO NP TTO NP TTO NP TTO NP TTO NP TTO NP TTO NP TTO
1 97 156 10 7 84t 84t 112 114 112 133 10 7 9t 93t 114 115

2 365 262 1 1 841 841 100 99 2,238 1,971 10 10 85t 84t 137 140

3 116 147 7 9 84t 841 151 147 211 383 5 8 83t 821 152 149

4 530 808 8 7 84 841 136 142 1,248 1,248 10 7 93t 96| 146 146

5 902 714 8 3 841 841 134 137 1,746 1,314 10 10 84t 93t 153 144

6 1,653 1,094 7 6 841 841 121 106 2,392 2,213 10 10 89t 89t 123 125

7 139 160 5 5 841 844 74 82 708 852 1 831 841 87 90

8 178 819 5 1 841 821 141 134 1,248 1,028 4 4 87| 93| 152 158

9 275 269 4 3 841 83t 125 125 1,029 1,029 7 6 88t 91t 142 142
10 668 533 5 5 841 824 110 118 1,139 1,168 10 9 90t 90t 131 121
Mean + 492§ + 446§+ 51t 43+ 84+ 84§+ 120§+ 120§+ 1,207§% 1,134 7.7+ 7T2x 87+ 90§+ 134§% 133§+
SD 487 328 3.5 3.0 0 9 23 21 763 631 3.3 2.9 3 5 21 20

*End-exercise saturation.

tExercise study stopped due to shortness of breath with inability to continue.
{Exercise study stopped due to SaOg% less than 85%.

§Adjusted p<0.05 when comparing HFTTO to LFTTO and HFNP to LFNP.

||Exercise study stopped due to shortness of breath and leg fatigue with inability to continue.
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with low flow. Mean distance, dyspnea score, SaOq,
and heart rate were significantly greater with HFTTO
and HFNP as compared with LFTTO and LFNP,
respectively. Mean+SD exercise distance with
HFTTO (1,134 +631 ft) was 2.5 times greater than
with LFTTO (446 +328 ft; p<0.006) and HFNP
(1,207 £763 ft) was 2.38 times greater than with
LFNP (492 + 487 ft; p<0.005). Table 2 shows these
results.

Mean distance and heart rate were not signifi-
cantly different with HFTTO as compared with
HFNP and LFTTO versus LFNP. However, one
half of the subjects walked farther using LFTTO as
compared with LFNP, four subjects walked farther
while receiving HFTTO as compared with HFNP,
and two walked equal distances. The SaOy values at
the end of exercise tended to be lower with HFNP
when compared with HFTTO, but were equal with
LFNP versus LFTTO. Mean+SD dyspnea scores
were not significantly different with HFTTO
(72+29) as compared with HFNP (7.7%3.3;
p<0.34) and LFTTO (4.3+3.0) versus LFNP
(5.1£3.47; p<0.17) at the same level of exercise.
In a majority of the subj%ts, the exercise study was
terminated either due to desaturation below 85
percent or shortness of breath with inability to
continue. Only two subjects expressed shortness of
breath and leg fatigue with inability to continue. In
the high-flow group, only four of the exercise stud-
ies (patients 3 and 7) were terminated due to
desaturation (Table 2).

DiscussioNn

Our study clearly demonstrates a significant ben-
efit of HFTTO on maximal exercise capacity over
LFTTO. Maximum exercise distance increased by
150 percent with HFTTO when compared with
LFTTO (p<0.006). However, this benefit was not
limited to HFTTO only and patients with HFNP
also increased their maximum exercise distance by
138 percent over LFNP (p<0.005). This suggests
that the benefit of high-flow oxygen was not limited
to TTO alone, but high flow supplemental oxygen
via both routes improved exercise tolerance over
low-flow oxygen.

Previous studies in patients with COPD and hy-
poxemia have demonstrated substantial benefits in
exercise tolerance with the use of supplemental
oxygen. Woodcock et al” showed a 28 percent im-
provement in the maximum distance walked on the
treadmill with nasal oxygen in the absence of hypox-
emia. Davidson et al® not only demonstrated an
increase in the endurance walking time with supple-
mental nasal oxygen at 4 L/min, but also showed a
dose-dependent increase in mean cycling endur-

ance time, with increases of 50 percent at an oxygen
flow rate of 2 L/min, 88 percent at 4 L/min, and 80
percent at 6 L/min. More recently, Dean et al®
demonstrated an improvement in exercise tolerance
with 40 percent supplemental oxygen during cycle
ergometry in 12 patients with severe COPD who
were not hypoxemic at rest (mean PaOg, 71 mm Hg).
Exercise time was increased with reduction in minute
ventilation and mean dyspnea scores. In two pa-
tients, dyspnea scores decreased dramatically even
though they did not desaturate with exercise while
breathing room air.

Possible mechanisms for increased exercise toler-
ance with supplemental oxygen include reduction in
ventilation,'%1! greater delivery of oxygen to the
tissues,!2 and decreased oxygen cost to the respira-
tory muscles.!>!4 Reduction in ventilation is linked
to blunting of the hypoxic drive mediated via the
peripheral chemoreceptors.!®> The decrease in oxy-
gen cost of breathing is attributed to lowering of
airway resistance which is known to occur with
oxygen breathing in hypoxic COPD patients.!® It
thus appears that oxygen administration improves
metabolic efficiency of the respiratory muscles with
lower minute ventilation at a given work load.

The use of high-flow supplemental oxygen may
have a dual beneficial effect on exercise tolerance in
hypoxic COPD patients. High flow rates reducing Vi
is known to occur with TTO and may be a mecha-
nism for decreased work of breathing with TTO*
and possibly NP.!14 High-flow supplemental oxygen
also leads to a higher level of resting SaOs. An SaOg
of 98 percent is likely to cause greater suppression
of the hypoxic drive than a level of 92 percent.!” In
some patients with COPD, maximal oxygen con-
sumption may be delivery-dependent.!? Although
the increment is small, a higher level of SaOg will
increase the delivery of oxygen to the tissues. More
recently, in a group of patients with chronic heart
failure,!® it was found that increasing the resting
mean oxygen saturation from 94.1 to 98.4 percent
with 50 percent supplemental oxygen improved the
total exercise duration significantly with simulta-
neous reductions in minute ventilation and dyspnea
scores. Results from our study in this group of
patients with COPD also demonstrate that increas-
ing the resting SaO; from 92 to 98 percent signifi-
cantly increased their exercise tolerance.

In clinical practice, exercise testing is not per-
formed routinely to determine the oxygen require-
ment during activity. Most physicians empirically
prescribe 1 L/min of additional oxygen over their
usual flow for exercise. A recent study by Zimmerman
et al'® demonstrated a significant increase in exer-
cise endurance with nasal oxygen at 6 L/min when
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compared with their usual flow plus 1 L/min oxygen.
This finding supports the results of our study which
suggests that higher oxygen flows can increase exer-
cise tolerance in patients with chronic lung disease.
These data suggest that exercise testing should be
routinely performed in COPD patients, when pre-
scribing long-term oxygen, to determine the optimal
oxygen flow during activity to allow maximum exer-
cise tolerance.

The significant improvement in maximum exer-
cise tolerance with high-flow oxygen may be par-
tially attributed to the design of our study protocol.
Although the endpoints for our modified progres-
sive treadmill test were shortness of breath, inability
of the patient to continue, arrhythmias, chest pain,
and desaturation below 85 percent, in a majority of
the subjects the study was terminated either due to
desaturation below 85 percent or shortness of breath
with inability to continue. Patients had substantially
lower SaOyq saturation while receiving low-flow oxy-
gen, both at the beginning and at the end of the
exercise study when compared with the high-flow
oxygen. Also, patients had lower dyspnea scores
while receiving low-flow oxygen, suggesting that
they were not exercised to their maximum toler-
ance. In retrospect, had these patients been exer-
cised to their maximum tolerance, with no regard
for their SaO; level, patients receiving low-flow
oxygen may have demonstrated slightly higher exer-
cise tolerance. It also is conceivable that the two
subjects receiving high-flow oxygen in whom the
exercise study was terminated due to desaturation,
may have walked farther had the flows been further
increased. We believe that this factor would have
reduced, but not completely eliminated, the benefi-
cial effect of high-flow oxygen.

Contrary to our hypothesis, maximum exercise
tolerance and dyspnea scores were not significantly
different with HFTTO as compared with HFNP and
LFTTO versus LFNP. The similarity in maximum
exercise tolerance with HFTTO and HFNP may be
attributed to the design of our exercise protocol. A
previous study by Wesmiller et al! demonstrated an
increase in 12-min walk distance when subjects
used TTO as compared with supplemental nasal
oxygen. The 12-min walk test, which allowed the
patients to walk at tolerable speeds, was more a
measure of their endurance rather than maximal
exercise capacity. The protocol used in our study
was a modified progressive treadmill test to deter-
mine maximum exercise capacity. In this test, pa-
tients were subjected to a higher work load every 2
min and subjects with end-stage COPD with signif-
icant ventilatory limitation may not be able to toler-
ate the increased work load despite the beneficial
effects of high-flow oxygen.

1064

In summary, our study has demonstrated that the
use of high-flow oxygen via both transtracheal cath-
eter and NP significantly increased maximum exer-
cise tolerance over low-flow oxygen. We were un-
able to show improved exercise tolerance with
HFTTO as compared with HFNP and LFTTO
versus LFNP. The results of our study tend to
support an emerging concept that some oxygen is
good, but more may be better. We believe that an
exercise oximetry study should be performed in
most patients with COPD to determine the opti-
mum oxygen requirement during exercise. Further
studies are needed to compare the effect of low- and
high-flow oxygen on exercise tolerance with no
regard to the SaOy; level as an endpoint.
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7th World Conference on Lung Cancer

The International Association for the Study of Lung Cancer will present the Seventh Con-
ference June 26-July 1 at the Broadmoor Resort, Colorado Springs. For information, contact
Linda Wise, Centennial Conferences, 5353 Manhattan Circle, Boulder, Colorado 80303
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