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ABSTRACT

Pressure support ventilation (PSV) may be used for exercise training in chronic obstructive pulmonary dis-
ease (COPD), but its acute effect on maximum exercise capacity is not fully known. The objective of this
study was to evaluate the effect of 10 cm H,0 PSV and a fixed PSV level titrated to patient comfort at rest
on maximum exercise workload (WLmax), breathing pattern and metabolic parameters during a symptom-
limited incremental bicycle test in individuals with COPD. Eleven individuals with COPD (forced expiratory
volume in one second: 49 + 16%; age: 64 + 7 years) performed three exercise tests: without a ventilator,
with 10 cm H,0 of PSV and with a fixed level titrated to comfort at rest, using a SERVO-i ventilator. Tests
were performed in randomized order and at least 48 hours apart. The WLmax, breathing pattern, metabolic
parameters, and mouth pressure (Pmo) were compared using repeated measures analysis of variance. Mean
PSV during titration was 8.2 £ 4.5 cm H, 0. There was no difference in the WLmax achieved during the three
tests. At rest, PSV increased the tidal volume, minute ventilation, and mean inspiratory flow with a lower
end-tidal CO,; this was not sustained at peak exercise. Pmo decreased progressively (decreased unloading)
with PSV at workloads close to peak, suggesting the ventilator was unable to keep up with the increased
ventilatory demand at high workloads. In conclusion, with a Servo-i ventilator, 10 cm H,O of PSV and a fixed
level of PSV established by titration to comfort at rest, is ineffective for the purpose of achieving higher
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exercise workloads as the acute physiological effects may not be sustained at peak exercise.

Introduction

Although exercise capacity may be limited in individuals with
chronic obstructive pulmonary disease (COPD) (1,2), studies
have shown that pulmonary rehabilitation can improve exercise
performance in such individuals (3-5). There is evidence that
high-intensity exercise training (80% of maximum) may be
more effective than low-intensity exercise training (50% of
maximum) (6,7). Individuals with COPD may, however, be
unable to attain the high-intensity training that is required
to enable them to obtain maximum benefits from pulmonary
rehabilitation (4,8-11).

Short-term physiological effects of non-invasive mechanical
ventilation (NIMV) in individuals with COPD during exercise
includes: reduced breathlessness (10,12,13), improved ventila-
tory capacity (10,14,15), prevention of exercise-induced hypox-
emia (12,16), and improved exercise endurance (12,13,17).
Nonetheless, information regarding the effect of NIMV on
maximum exercise workload (WLmax) is limited. Moga et al.
(18) reported a decrease in WLmax with the application of
Bi-level positive airway pressure (BiPAP) during exercise, and
concluded that the BiPAP’s single limb tubing for inspiration
and expiration resulted in carbon dioxide (CO,) rebreathing

and contributed to the reduction in WLmax. The occurrence
of CO, rebreathing with BiPAP has been reported in both
laboratory (19,20) and clinical (19,21) studies. In contrast,
standard intensive care ventilators with separate inspiratory and
expiratory limb tubing do not pose a risk for CO, rebreathing.
We, therefore, anticipated that the use of such a ventilator during
exercise would eliminate CO; rebreathing and increase WLmax.

There is evidence that different levels of pressure support can
affect comfort in patients being weaned off mechanical ventila-
tion (22). Most studies investigating the acute effects of pressure
support ventilation (PSV) during exercise have either used
fixed levels of support (commonly ~10 cm H,0) (10,17,18,23)
or levels tailored to the individual’s comfort (13,14,24,25).
Whether the use of a fixed versus an individually titrated level
of PSV has a differential effect on WLmax remains unknown.

The purpose of this study was to evaluate the effect of both
10 cm H,0 of PSV and a fixed level of PSV established by
titration of PSV to patient’s comfort at rest during a symptom-
limited incremental bicycle test, compared to unassisted
exercise, on WLmax, breathing pattern, metabolic parameters,
end-expiratory lung volume (EELV), and exercise-limiting
symptoms in individuals with COPD.
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Methods

Study participants

Clinically stable individuals aged 55-75 years, with moderate
to very severe COPD (Forced expiratory volume in one sec-
ond [FEV;] <80% predicted and FEV,/forced vital capacity
[FVC] <70%) (26) were recruited into the study. Clinical sta-
bility was defined as no exacerbation, no respiratory symptoms
and unchanged medications for four weeks prior to study (18).
Exclusion criteria were: use of supplemental oxygen; neurologi-
cal, orthopaedic, cardiovascular, and cognitive conditions that
could limit exercise performance. Participants were asked to
refrain from smoking on test days, and from eating 3 hours
prior to testing. Ethics approvals were obtained from Hépital du
Sacré-Coeur de Montréal (CER 2012-762) and the Center for
Interdisciplinary Research in Rehabilitation in Montreal (CRIR-
740-0512) review boards.

Procedures

A cross-over design involving 3 visits was used. Visit 1 involved
anthropometric measurements, pulmonary function testing,
and a resting 12-lead electrocardiogram. Participants performed
a symptom-limited incremental bicycle exercise at each visit.
This involved subjects breathing at rest for six minutes, followed
by one minute of unloaded pedalling (Lode, Groningen, the
Netherlands), after which exercise work rate was increased by
five watts every minute until a symptom-limited end-point. The
pedalling rate was 60 =+ 8 rpm. Inspiratory capacity (IC) maneu-
vers were performed every minute during resting breathing and
exercise, and at end-exercise. Participants identified the locus of
their symptom limitation at end-exercise.

The three exercise tests, separated by at least 48 hours, were
performed in a randomized order with no ventilator (NV), pres-
sure support ventilation of 10 cm H,O, and pressure support
ventilation titrated to comfort at rest (PSVt) delivered using
a Maquet SERVO-i ventilator. Before the start of the exercise
test with PSVH, titration of PSV was performed with the subject
seated comfortably on the bicycle and connected to the breath-
ing circuit with a Maquet SERVO-i ventilator in the PSV mode
with support level set to 10 cm H,O. After 3 mins of familiariza-
tion with 10 cm H, O, subjects were asked if they needed the PSV
level to be increased, decreased, or left unchanged. Subsequently,
titration was performed every 2-3 minutes by units of &2 cm
H,O until &5 cm H,O above or below (i.e. 5 cm H,O or 15 cm
H,0) beyond which titration was done by units of £1 cm H,O
until the patient indicated the optimal level of comfort. Positive
end-expiratory pressure (PEEP) was set to 4 cm H, O, rate of rise
at 0.2 seconds and cycling at 50% of peak flow.

Instrumentation and measurements

WLmax was defined as the highest workload reached and
maintained for at least 30 seconds. During resting breathing
and exercise, subjects wore nose clips and breathed through a
mouthpiece connected to a respiratory circuit consisting of a
pneumotachograph (Model 4813; Hans Rudolph, Kansas City,
MO, USA), pulmonary gas exchange analyzer (COSMED K4b2,
Rome, Italy) and two-way non-rebreathing valve (Hans Rudolph
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USA). For the visits where exercise was performed with ven-
tilatory support, a Maquet SERVO-i ventilator (PSV mode)
was added to the circuit along with a Hans Rudolph three-
way sliding-type valve (manual direction control valve 2870
series) on the inspiratory limb. Airflow was measured using
the pneumotachograph and a differential pressure transducer
(TSD160A—Differential Pressure, 2.5 cm H20, DA100C, Biopac
Systems, Santa Barbara, CA, USA). Volume was obtained by
digital integration of flow. Mouth pressure (Pmo) was recorded
from a side port on the mouthpiece and connected to a separate
pressure transducer (TSD160E—Differential Pressure, 350 cm
H20, DA100C, Systems, Santa Barbara, CA, USA). In all trials,
the flow and pressure signals were acquired online on a personal
computer at a sampling rate of 1000 Hz using a 16-bit A/D con-
verter (MP 100A-CE, Biopac Systems, Santa Barbara, CA, USA),
and stored for offline analysis. Oxygen consumption (VO,) and
carbon dioxide production (VCO3), heart rate, and oxygen sat-
uration were measured with a COSMED system (COSMED
K4b2, Rome, Italy). Electrocardiography (ECG) was monitored
online during the test. Dyspnea and leg fatigue were assessed
every minute using the modified 10-point Borg scale (27).

Breath-by-breath timing parameters of the breathing pat-
tern, including respiratory rate (RR); inspiratory, expiratory,
and total breath durations were determined from the flow signal
using AcgKnowledge version 4.1. Mean and peak inspiratory
and expiratory Pmo were obtained from the pressure signal.
The time delay and associated pressure required to trigger the
ventilator (Ptrig) were measured from the point where the Pmo
signal declined below 4 cm H,O (set PEEP) and the subsequent
onset of inspiratory flow. End-expiratory lung volume (EELV)
was obtained by subtracting the IC from measures of total
lung capacity previously obtained during pulmonary function
testing. Breath-by-breath data were averaged from the last two
minutes of resting breathing, and each minute of exercise in
every subject studied. Group means were calculated using these
means.

Statistical analysis

Outcome measures were compared between conditions of NV,
PSV10, and PSVt at rest and peak exercise using one-way
repeated measures analysis of variance (SPSS v.19). Post-hoc
contrasts were performed using the protected Fisher’s least sig-
nificant difference analysis. The significance level was set at @ =
0.05. Results are reported as means =+ standard deviation (SD).

Results

Patient characteristics

Eleven participants with moderate to severe COPD were
recruited into the study. Patient characteristics are summarized
in Table 1.

Titration and ventilator pressures

There was marked inter-individual variability in the PSV levels
chosen by participants when PSV was titrated to comfort at rest
(Fig. 1). The average PSVt level was 8.2 & 4.5 cm H,O.
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Table 1. Characteristics of the 11 patients with COPD.

Variable Mean £ SD
Anthropometric data
Age, years 64 +7
Height, m 1.67 £ 0.06
Weight, kg 775+£27.0
BMI, kg/m? 275+8.1
Baseline exercise capacity
6MWD, m 465 £ 100
Pulmonary function

1.4+ 0.3 (49 £16)
43£9
4.6 £13 (144 £37)
714+14 (120 +21)
3.8 £13(165+47)
52+9
76.0 £ 36.4 (74 + 30)
94.6 £ 45.6 (51 & 20)
127£39(51+14)
96 +2

FEV;, L (% pred)

FEV,/FVC, %

FRC, L (% pred)

TLC, L (% pred)

RV, L (% pred)

RV/TLC, %

PImax, cm H,0 (% pred)
PEmax, cm H, 0 (% pred)
DLCO, ml/mmHg/min (% pred)
SaOZ, %

Values are means =+ SD. Definitions of abbreviations: BMI = body mass index; 6MWD
= 6-minute walk distance; FEV, = forced expiratory volume in 1 st second; FVC =
forced vital capacity; FRC = functional residual capacity; RV = residual volume; TLC
= total lung capacity; PImax = maximum inspiratory pressure; PEmax = maximum
expiratory pressure; DLCO = diffusion capacity of the lung for carbon monoxide;
Sa0, = arterial oxygen saturation.
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Figure 1. Pressure support levels titrated to patient comfort (PSVt). Each bar repre-
sents a single participant and the height shows the level of pressure support chosen
by the participant during PSVt. PSV10 = pressure support ventilation with assist of
10 cm H, 0; PSVt = pressure support ventilation titrated to comfort; horizontal bars
are the mean WLmax achieved.

Maximum exercise workload

There was no difference in the group averages for WLmax.
Figure 2 shows the group averages (A) and the individual levels
of WLmax (B) with each ventilator strategy. Only 3 patients sys-
tematically increased their WLmax with both PSV10 and PSVt.

Breathing pattern, lung volumes, and
metabolic parameters

Compared to NV, tidal volume (V) was significantly higher
with PSV10 during resting breathing (p < 0.001), and there was
a similar tendency with PSVt (p = 0.053). Also at rest, inspira-
tory duration was shorter (p = 0.009; p = 0.004) and minute ven-
tilation (Vg) higher (p < 0.001; p = 0.027) with both PSV10 and

PSVt, respectively. These effects were not observed at peak exer-
cise (Fig. 3). Compared to NV, expiratory duration was longer
with both PSV10 (p = 0.004) and PSVt (p = 0.043) at peak exer-
cise, whereas RR was reduced only with PSV10 (p = 0.007). Sim-
ilarly, peak inspiratory flow was higher (p < 0.001) at rest with
PSV10 (1.37 & 0.13) and PSVt (1.21 % 0.13) compared to NV
(0.77 £ 0.13), whereas at peak exercise, there was no difference
(NV =2.28+£0.71, PSV10 = 2.23 £ 0.44, PSVt = 2.25 £ 0.58).

Exercise increased EELV in all ventilatory conditions (Fig. 4).
The EELV during resting breathing was 411 & 354 ml higher
with PSV10 (p = 0.003) and 545 + 426 ml higher with PSVt
(p = 0.002) compared to NV. In contrast, at peak exercise, the
EELV was higher (299 & 222 ml) only with PSVt (Fig. 4).

Compared to NV, end-tidal carbon dioxide was lower with
PSV10 (p < 0.001) and PSVt (p = 0.005) during resting breath-
ing (Fig. 5), but this effect was not evident at peak exercise. The
VO, and VCO, were similar with and without ventilatory assist
at rest and peak exercise (Fig. 5).

Other outcomes

We found no difference in dyspnea ratings at rest, at 25 and 50%
of WLmax, and at peak exercise. There was also no difference in
leg effort, heart rate, and arterial oxygen saturation between the
three exercise conditions both at rest and peak exercise. There
was no evidence of significant desaturation during the exercise
(defined as a decrease in SpO, to a level <89% and sustained for
a minimum of one minute during exercise (28)).

Ventilator pressure, triggering, and cycling during exercise

The mean inspiratory Pmo during ventilator-assisted exercise
decreased progressively as exercise intensity increased to peak,
despite the peak Pmo remaining unchanged (Fig. 6a and b).
Mean expiratory Pmo increased progressively with PSV10 and
PSVt during exercise (Fig. 6¢), whereas it was negligible with NV.

Compared to resting breathing, the delay in ventilator trig-
gering at peak exercise was reduced by 41 and 27 msec with
PSV10 and PSV, respectively. In contrast, Ptrig increased pro-
gressively with increased exercise intensity (Fig. 6d); the increase
was smaller with PSV10 (192%) compared to PSVt (357%). The
tracings of flow, volume, and Pmo signals at rest, 50% exercise,
70% exercise, and peak exercise presented in Figure 7 show a
loss of the positive square wave pattern of PSV and an increase
in expiratory Pmo with progression in exercise intensity (Panel
A—PSV10 and panel B—PSVt).

Discussion

In the current study, compared to no assist, PSV delivered non-
invasively during exercise did not improve WLmax, both when
PSV was set to 10 cm H,O level of assist, and a fixed level estab-
lished by titration of PSV to patient’s comfort at rest. Although
most individuals reported being more comfortable when PSVt
was set lower than 10 cm H,O, the physiological effects of both
PSV10 and PSVt (increased Vr, Vg, and lower Ti) were not sus-
tained at higher exercise intensities. In fact, mean inspiratory
Pmo decreased progressively, whereas Ptrig and mean expira-
tory Pmo were increased at peak exercise, suggesting that the
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Figure 2. Maximum workload reached during the three experimental conditions. Group mean values (SD) of WLmax reached during symptom-limited incremental bicycle
exercise with NS (black bar), with PSV10 (light grey bar) and with PSvt (dark grey bar) are 51 £+ 19 W, 48 4= 20 W 53 + 21 W, respectively (panel A). Individual values are
shown in panel B; WLmax was higher in 3 participants (range: 5 w), unchanged in 5 participants and lower in 3 others (range: 5-30 w), whereas with PSVt it was higherin7
participants (range: 5-15 w), lower in 3 (range: 5-10 w), and unchanged in 1. The mean WLmax achieved was 51.36 £ 20.01, 48.64 4= 20.14 and 54.09 £ 22.23 W with NV, PSV10
and PSVt, respectively. WLmax = maximum workload achieved; NV = no ventilator; PSV10 = pressure support ventilation 10 cm H, 0 of assist; PSVt = pressure support

ventilation titrated to comfort; horizontal bars are the mean WLmax achieved.

ventilator was unable to keep up with the increased ventilatory
demand at higher workloads.

Although several studies previously looked at the imme-
diate physiological effects of NIMV during exercise in people
with COPD (10,13,14,17,18,23-25), only one study evalu-
ated the effect on WLmax (18). That study found a decrease in
WLmax with the application of BiPAP during exercise, and CO,
rebreathing was identified as a likely contributing factor (18).
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Studies which evaluated the effect of bi-level positive pressure
ventilation on exercise endurance reported a decreased walking
distance during submaximal treadmill exercise (15) or no dif-
ference in shuttle walk test endurance time (23). The presence
of CO; rebreathing (15) or an insufficient pre-set pressure level
of 10 cm H,O (23) were proposed as factors contributing to the
results obtained in those studies. In contrast, studies that used
fixed (17) and titrated (13,14,25) levels of PSV during constant
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Figure 3. Tidal volume (A), respiratory rate (B), inspiratory time (C) and expiratory time (D) at rest and peak exercise. Plots are average values + SE obtained in the 11
participants. PSV10 = pressure support ventilation 10 cm H, O of assist; PSVt = pressure support ventilation titrated to comfort. For post-hoc contrasts: *p < 0.05, relative

to no ventilator.



288 . D. ANEKWE ET AL.

NV PSV10 PSVt
|gwo L —_ — o
5 90 B - —
° Vr
% 80 |, B —

- - ‘————

g — = — EELV
5 0 o EILV
S 5 — TLC
-

10 15 20 25 30 35 40
VE (Limin)

10 15 20 25 30 35 40
VE (L/min)

10 15 20 25 30 35 40
VE (L/min)

Figure 4. Plots of EELV (dark and grey line), EILV (grey line) and TLC (dark line) at rest and peak exercise for NV, PSV10 and PSVt. Plots are average values in the 11 participants.
EELV = end-expiratory lung volume; EILV = end inspiratory lung volume; TLC = total lung capacity; IRV = inspiratory reserve volume, V; = tidal volume; NV = no ventilator;
PSV10 = pressure support ventilation with assist of 10 cm H,0; PSVt = pressure support ventilation titrated to comfort. For post-hoc contrasts: *p < 0.05: PSV10 and PSVt

relative to NV; Tp < 0.05: peak relative to rest.

workload exercise reported increases in exercise endurance
(13,14,17,25). We did not observe an increase in WLmax when
PSV was applied during incremental bicycle exercise. Although
exercise endurance may be a more sensitive measure for detect-
ing a change in response to an intervention than is WLmax
(29), we believe that poor ventilator responsiveness at higher
exercise workloads and greater dynamic hyperinflation in our
subjects were factors that likely contributed to our findings.

A higher EELV at rest with PSV indicates that our subjects
hyperinflated with the ventilator before the commencement of
exercise as was also reported in a previous study (18). We used
a PEEP of 4 cm H,O in the current study because a moderate
level of PEEP has been shown to reduce the muscle inspiratory
effort without any further increase in the lung volume during
assisted ventilation in patients with airflow obstruction (30) and
the same level was used in a previous study (18). It is known
that the application of an external PEEP greater than the intrin-
sic PEEP (PEEP1) in flow-limited patients will reduce the driving
pressure for expiratory flow and result in a higher EELV (31,32).
Although we did not measure PEEPj, it is possible that appli-
cation of 4 cm H,O of PEEP could have exceeded the critical
value of PEEPi resulting in the increased EELV at rest. Similar
to previous studies, we observed an increased EELV with exer-
cise whether or not mechanical ventilation was used (14,18). In
individuals with COPD, Vg, which increases progressively with

increased workload, is achieved predominantly by an increased
RR which in turn results in less time available for expiration,
and predisposes individuals to dynamic hyperinflation (33). At
peak exercise, EELV remained higher with PSVt and not PSV10
which may be explained by higher RR with PSVt compared to
PSV1o.

Higher Vr, Vg, and inspiratory flow, observed in the cur-
rent study with PSV during resting breathing is consistent
with breathing pattern changes previously reported both dur-
ing conditions of rest (34) and sub-maximum exercise (10).
In our study, these effects were not sustained at peak exer-
cise. As observed in Fig. 4, end-inspiratory lung volume (EILV)
was already close TLC with PSV at rest so that no apprecia-
ble increase could be afforded by the ventilator as exercise pro-
gressed to peak.

In the current study, the loss of the positive square wave pat-
tern of the PSV gives evidence to the assertion of a progressive
increase in respiratory (flow) demand that could not be matched
by the ventilator (flow asynchrony) (35). Flow asynchrony can
be detected as a loss of the positive square wave pattern or the
presence of concavity in the pressure-time waveform (36,37).
The Pmo tracing from one of our study participants, presented
in Figure 7, shows loss of the positive square wave pattern
between 70% and peak exercise workloads (seen in all our
participants at workloads >70%). Similar Pmo tracings were
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Figure 5. Plot of oxygen uptake (A), carbon dioxide output (B), and end-tidal CO2 (C) vs minute ventilation at rest and peak exercise. Plots are average values £ SE obtained
in the 11 participants. NV = no ventilator; PSV10 = pressure support ventilation with assist of 10 cm H, O; PSVt = pressure support ventilation titrated to comfort. For post-hoc

contrasts: *p < 0.05, relative to without NV.
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Mean expiratory mouth pressures with PSV10 and PSVt. The mean (SD) increase was 2.5 (0.5) H20 and 3.0 (0.6) cm H20 with PSV10 and PSVt, respectively (PSV10: p < 0.000
and PSVt: p < 0.000). (D) Ventilator Inspiratory Trigger Pressure below the level of set PEEP of 4 cm H, 0. The ventilator trigger pressure (Ptrig) increased from 1.6 cm H,0
during resting breathing to 4.8 cm H, 0 at peak exercise with PSV10 (p < 0.001) and from 1.6 to 7.2 cm H,0 with PSVt (p < 0.000). Plots are average values +SE obtained in
the 11 participants. PSV10 = pressure support ventilation 10 cm H, O of assist; PSVt = pressure support ventilation titrated to comfort; WLmax: maximum exercise workload;
Pmo = mouth pressure. For post-hoc contrasts: *p < 0.05, relative to resting breathing.

observed by Dolmage et al. (38) at 60-70% of maximum exercise
during proportional assist ventilation assisted exercise. Since
our assist level was fixed during the exercise, it is possible that
loss of the Pmo positive square wave was due to an increased
patient effort which increased flow demand beyond what the
ventilator was able to furnish. (36). The progressive decrease in
mean but not peak inspiratory Pmo could also be interpreted
as further evidence of an increased flow demand during PSV
assisted exercise. However, one should be cautious making such
an interpretation considering that a component of the Pmo,
which was the more negative Ptrig, likely also contributed to
the decrease in the mean Pmo.

Studies which used the PSV during constant workload bicy-
cle exercise at 75% (17) and 80% (13,14) of maximum, as well
as during submaximal treadmill exercise (25) reported increases
in exercise endurance. Van't Hul et al. (17) reported that the
increase in endurance time was only consistent in fifteen of their
forty-five participants. In light of our findings, perhaps an inabil-
ity of the ventilator to sustain the ventilatory demand at 75% of
max also contributed to results obtained in that study. Earlier
studies have suggested that when the ventilator is unable to gen-
erate sufficient inspiratory flow rates to deliver the preset level of

pressure support throughout exercise, the resistance of the cir-
cuit may worsen dyspnea and impair exercise performance (23).

The flow asynchrony at higher workloads reported in this
study should be considered in light of the capacity and setting of
the ventilator. The Maquet SERVO-i has a maximum inspiratory
flow rate of 3.3 I/s (39) notwithstanding the resistance provided
by the respiratory circuit. Flow rate can be adjusted using the
inspiratory rise time (36) (range of 0.0-0.4 seconds on the
Maquet SERVO-I (39)). We used a rise time of 0.2 seconds since
very short rise time (higher peak flow) is known to be associated
with discomfort (40). Titrating the rise time during exercise
might have altered our results, but to the best of our knowledge,
no study has ever titrated this parameter during exercise in
patients with COPD and it was also not feasible in our protocol.

This study is the first to report that the pressure required by
the patient to trigger PSV on the Servo-I ventilator increases
with workloads >75% max (Fig. 6d). While this may suggest
increased effort, there was a corresponding decrease in the trig-
ger delay which likely resulted in unchanged overall triggering
effort. Increased Ptrig may be attributed to decreased sensitivity
of the valve (trigger asynchrony) (36) during high respiratory
demand. Adjusting the trigger sensitivity might have improved
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Figure 7. Flow, volume and mouth pressure signal at resting breathing, 50% exercise, 70% exercise and at peak exercise in Participant 11 during PSV10 (panel A) and higher
titrated pressure (PSVt) of 15 cm H, O (panel B). The mean inspiratory pressure decreased with the loss of the positive square wave pattern of pressure support ventilation
(vertical dark arrow), the mean expiratory pressure increased (vertical grey arrow) and the patient generated more pressure to trigger the ventilator into inspiration (hor-
izontal dark arrow), as exercise progressed from rest to peak. This alternation of wave pattern at peak exercise was seen at varying degrees in all are participants and was
not prevented by higher level of support as seen with PSVt 15 cm H, 0. PSV10 is pressure support ventilation of 10 cm H,0; Pmo is mouth pressure.

trigger asynchrony in PSV (36,41) but the inspiratory trigger of
the Maquet SERVO-i is nonadjustable in the NIMV mode. A
ventilator with adjustable trigger sensitivity may thus present a
different result.

Earlier studies have shown expiratory muscle recruitment
during ventilator-assisted exercise with PSV (10), BiPAP (18)
and continuous positive airway pressure (42) modes; however,
our study was the first to show that this recruitment is more
pronounced at workloads >75% max during PSV-assisted exer-
cise (Fig. 6¢). This may be explained by an increasing dynamic
hyperinflation which causes further flattening of the diaphragm
necessitating expiratory muscle recruitment to assist diaphrag-
matic ascent during expiration in preparation for the next inspi-
ration (43,44).

There was no difference in dyspnea ratings at peak exercise
both with PSV10 and PSVt. This can be attributed to changing
respiratory dynamics with exercise, which is expected to be
more pronounced in COPD because of dynamic hyperinflation
and a progressive increase in the work of breathing. Trigger and
flow asynchrony with PSV10 and PSVt may also be plausible
explanation for the lack of difference in the dyspnea ratings.
Earlier studies (23,38) reported no difference in dyspnea ratings
during ventilator-assisted exercise.

There are some limitations which should be considered
when interpreting our findings. First, the pressure support level
in the current study was fixed during exercise (both with PSV10
and PSVt) despite the changing dynamics of the respiratory
system with incremental exercise. Titrating the support level
during exercise might have yielded different findings, but this
was not feasible in our study given that exercise workload

was increased every minute and as we observed, it took more
than a minute for patients to sense and respond to changes in
comfort with changes in PSV level. Hussain et al. (14) titrated to
comfort every two minutes during constant workload exercise
performed at 80% of peak and found that exercise time was
increased with PSV compared to no ventilator. Other studies
which titrated support levels gave no details on when titration
was performed, although all reported an increase in exercise
endurance (13,25). Familiarity with NIMV could potentially
have affected performance when NIMV was used during exer-
cise. Unfortunately, such information was not obtained in the
study. Finally, this was a pilot study which was conducted in a
small number of participants.

Conclusion

This study shows that both 10 cm H,O of PSV and a fixed
level of PSV titrated to comfort at rest, administered using a
Maquet SERVO-i ventilator and delivered via a mouthpiece,
do not improve WLmax in comparison to unassisted exercise.
Our results suggest that PSV does not increase WLmax because
of an inability of the Maquet SERVO-i ventilator to support
an increased ventilatory demand at workloads close to peak
exercise.
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