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Abstract

Background - A study was undertaken to
investigate the effects of non-invasive as-
sist-control ventilation (ACV) by nasal
mask on respiratory physiological para-
meters and comfort in acute on chronic
respiratory failure (ACRF).

Methods - Fifteen patients with chronic
obstructive pulmonary disease (COPD)
were prospectively and randomly assigned
to two non-invasive ventilation (NIV) se-
quences in spontaneous breathing (SB)
and ACV mode. ACV settings were always
optimised and therefore subsequently
adjusted according to patient’s tolerance
and air leaks.

Results — ACV significantly decreased all
the total inspiratory work of breathing
(WOBinsp) parameters, pressure time
product, and oesophageal pressure vari-
ation in comparison with SB mode. The
ACYV mode also resulted in a significant
reduction in surface diaphragmatic elec-
tromyographic activity to 36% of the con-
trol values and significantly improved the
breathing pattern. SB did not change the
arterial blood gas tensions from baseline
values whereas ACV significantly im-
proved both the Pao, from a mean (SD)
of 8.45 (2.95) kPa to 13.31 (2.15) kPa, Paco,
from 9.52 (1.61) kPa to 7.39 (1.39) kPa,
and the pH from 7.32 (0.03) to 7.40 (0.07).
The respiratory comfort was significantly
lower with ACV than with SB.
Conclusions — This study shows that the
clinical benefit of non-invasive ACV in
the management of ACREF in patients with
COPD results in a reduced inspiratory
muscle activity providing an improvement
in breathing pattern and gas exchange.
Despite respiratory discomfort, the
muscle rest provided appears sufficient
when ACYV settings are optimised.

(Thorax 1997;52:690-696)

Keywords: non-invasive ventilation, assist-control
mode, work of breathing, breathing pattern, respiratory
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The clinical effectiveness of non-invasive vent-
ilation (NIV) is now well established in the
treatment of patients with chronic obstructive
pulmonary disease (COPD) with acute on
chronic respiratory failure (ACRF)."® In these

patients NIV could avoid the need for in-
tubation in 50-70% of cases, thus reducing
significantly the morbidity and duration of hos-
pital stay.?’ Administered via nasal or face
mask, NIV can use assist-control (ACV) or
pressure support ventilation (PSV).'° During
ACV mode the ventilator delivers a positive
pressure breath at a preset tidal volume in
response to the patient’s inspiratory effort or
at a preset rate if no patient effort occurs within
the preselected time period. The PSV mode is
a pressure targeted mode in which each breath
is patient triggered and supported. A preset
positive airway pressure is maintained constant
throughout the patient’s spontaneous in-
spiratory effort, allowing patients to control
their inspiratory flow, inspiratory time, and tidal
volume. This is believed to increase patient-
ventilator synchrony and comfort. However,
there are potentially important physiological
differences between these two NIV modes,
especially in patients with COPD —for example,
PSV may compensate for mask air leaks better
than ACV but may deliver volumes less reliably,
particularly in the presence of variable res-
piratory mechanics or unstable ventilatory
drive. In addition, the PSV mode is not always
available with the ventilators used.” According
to various authors and despite some con-
tradictory results,!! ACV>>7 and PSV'2%%® may
provide similar results regarding success or
failure in terms of the need for intubation.
However, there have been few studies on the
physiological mechanisms which could explain
this clinical benefit. The physiological rationale
for the usefulness of NIV in ACRF has been
essentially studied with PSV?'? or pressure-
controlled ventilation very similar to PSV,* and
rarely with ACV mode.”” The physiological
effects of NIV in patients with stable severe
chronic respiratory failure have also been re-
ported more with PSV'*'” than with the ACV
mode.'® The physiological mechanism possibly
responsible for the clinical benefit of NIV with
ACV mode in ACRF has thus not been well
studied and documented.

The objective of this study was therefore to
investigate the effects of non-invasive ACV via
a nasal mask on the physiological respiratory
parameters — that is, respiratory muscle func-
tion, gas exchange and breathing pattern — as
well as on respiratory comfort in an homo-
geneous population of COPD patients with
ACREF.
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Figure 1 Representative polygraphic recordings (10 mm/s) of respiratory mechanic
parameters (V, VT, Paw), oesophageal pressure (Poes), diaphragmatic electromyographic
activity (raw and integrated EMGdi), and end tidal carbon dioxide fraction (FETCO,)
during non-invasive ventilation with spontaneous breathing (SB) and assist-control
ventilation (ACV) in patient 4. Note the increase in VT and Paw, and the decrease in
Poes and EMGdi berween SB and ACV.

Methods

The study was conducted in a medical intensive
care unit and approved by the ethical com-
mittee of the Charles Nicolle University Hos-
pital. All patients gave their written informed
consent. Patients enrolled in the study had
known COPD or a high probability of the
disease on the basis of the clinical history,
physical examination, chest radiography, and/
or previous pulmonary function test data. Ad-
ditional criteria for enrollment included hyper-
capnic acute respiratory failure requiring NIV
according to the following criteria:** tachy-
pnoea >25/min or bradypnoea < 12/min, Pao,
<8 kPa (60 mm Hg) in ambient air, Paco,
>6.5 kPa (49 mm Hg) in ambient air or wor-
sening with a low nasal oxygen flow (<3 I/min),
respiratory acidosis (pH <7.35), a normal level
of consciousness or moderate signs of res-
piratory encephalopathy (drowsiness, con-
fusion, flapping tremor). Patients were
included if they showed at least three of these
criteria and if they tolerated NIV during the
first few hours after admission. Patients with
ACRF requiring immediate endotracheal in-
tubation or any contraindication to the in-
sertion of an oesophageal tube were not
included.

STUDY PROTOCOL
The study was conducted during the 48 hours
following admission for ACRF. Each patient
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was investigated fasting, in a semirecumbent
position in bed, and in quiet conditions.
Throughout the study patients were asked to
close their mouth firmly in order to limit the
deleterious effect of air leaks.'®> All patients were
randomly submitted to two consecutive NIV
sequences via the same ventilator and nasal
mask for a minimal duration of 30 minutes.
One sequence in spontaneous breathing (SB)
and supplemented with inspired oxygen was
used as the patient’s own control period, the
patient breathing spontaneously through the
ventilator circuit and nasal mask without any
associated pressure support level. The other
sequence was conducted in ACV mode. The
patient was informed of the change in sequence,
but was not aware of the type of ventilatory
mode used (SB or ACV). Initial settings for
ACV were those usually reported with NIV:"!!
insufflated tidal volume (VT) of 15-20 ml/kg,
respiratory rate (RR) of 12-20 cycles/min,
TUTE ratio of to 1/3, inspired oxygen fraction
(Fio,) enabling arterial oxygen saturation
(Sao,) of >90%, constant flow rate of 60 I/
min, trigger sensitivity of —0.5 cm H,O. If
necessary, these initial settings (VT, RR) were
subsequently adjusted and thus optimised in
relation to the patient’s clinical tolerance and
the presence or absence of air leaks around
the mask before performing the measurements.
The Fio, did not change between SB and ACV.
All measurements were made at the end of each
ventilation sequence after at least 30 minutes of
stable and appropriate ventilation.

Patients were observed clinically by a phys-
ician not involved in the procedure, as well as
by continuous monitoring of heart rate, non-
invasive blood pressure, and transcutaneous
oximetry (Biox 3700, Ohmeda Inc, Boulder,
Colorado, USA).

MEASUREMENTS

All patients were ventilated using the same
ventilator (Evita 2, Driger Medical Inc, Lu-
beck, Germany) and were connected to the
ventilator via a tightly fitting nasal mask (Re-
spironics, Murrysville, Pennsylvania, USA).
The humidifier of the ventilator circuit was
disconnected during the trial to decrease the
workload necessary to overcome the circuit
resistances. The following general data were
recorded for all patients: past history, current
diseases and treatment, arterial blood gas
tensions on admission, and simplified acute
physiological score (SAPS).? Each patient was
investigated using the same apparatus and poly-
graphic recorder (fig 1). Instantaneous flow
rate was measured using a pneumotachograph
(Fleisch No 1, Zurich, Switzerland) connected
to a differential pressure transducer (Validyne
MP45, Validyne Cor., Northridge, California,
USA). The pneumotachograph was connected
between the nasal mask and the Y-piece of
the ventilator circuit. Corresponding volume
variations (VT) were obtained by electrical in-
tegration of instantaneous flow rates. Minute
ventilation (VE) was defined as the product
of VT and RR. Airway pressure (Paw) was
measured at the nasal mask by a differential


http://thorax.bmj.com

Girault, Chevron, Richard, Daudenthun, Pasquis, Leroy, et al

pressure transducer (Validyne MP45, Validyne
Corporation, Northridge, California, USA).
Oesophageal pressure (Poes), reflecting intra-
pleural pressure, was measured using the
method described by Milic-Emili ez al*?* via a
latex balloon placed in the middle third of
the oesophagus and connected to a differential
pressure transducer (Validyne MP45). The
proper position of the balloon was confirmed by
an occlusion test.”> Variations in Poes (APoes),
considered to be a parameter of inspiratory
effort, were measured as the difference between
minimum and maximum Poes.”> Dynamic
intrinsic  positive end-expiratory pressure
(PEEPi,dyn), reflecting the end of the ex-
piratory pressure gradient between the alveolus
and the nasal mask, was measured on the Poes
curve as the difference between point 0 and
the Poes point corresponding to cancellation
of insufflation flow,** averaged from 10 rep-
resentative cycles. Total inspiratory work of
breathing (WOBinsp) was determined using
Campbell’s diagram method® by integration of
the area plotted between the pressure-volume
(Poes-VT) and the chest wall compliance (Cw)
curves.”*?” Since it is impossible to measure
Cw without complete relaxation, we assumed,
as others have,”®?’ that it was equal to 4% of
the theoretical vital capacity.®® WOBinsp was
calculated from the mean of five cycles and
expressed in joules (J). WOBinsp thus enabled
calculation of WOBIinsp in relation to VT
(WOBInsp/VT in J/1) or to RR (WOBinsp/RR
in J/min). Pressure time product (PTP), a better
indicator of the energy expenditure of res-
piratory muscles,’** was obtained from the
product of T1 and the area under the Poes curve
corresponding to TI. In addition to APoes,
WOBIinsp and PTDP, respiratory muscle activity
was evaluated by the diaphragmatic electro-
myogram (EMGdi) activity amplitude with bi-
polar skin surface electrodes.”® The EMGdi
signal obtained (raw EMGdi) was then amp-
lified (Universal amplifier 13-4615-58, Gould
Electronics Inc, Cleveland, Ohio, USA) and
filtered (30-300 Hz), rectified and elec-
tronically integrated every 100 ms (integrated
EMGdi) to obtain a moving time average which
was then analysed using the method of Lopata
et al>* The diaphragmatic activity was evalu-
ated by the maximum or peak amplitude of
the integrated EMGdi signal (pEMGdi). This
quantitative value, averaged from 10 cycles,
was also expressed as a percentage of the con-
trol value obtained in SB.

The end tidal carbon dioxide fraction
(FETCco,) and Sao, were measured con-
tinuously, respectively, at the mask using a
rapidly responding CO, analyser (Medical Gas
Analyzer LB-2, Sensor Medics Corp, Anaheim,
California, USA) and by transcutaneous pulsed
oximetry (Biox 3700, Ohmeda Inc, Boulder,
Colorado, USA). Arterial blood gas tensions,
sampled by radial catheter at the end of each
ventilation period, were immediately analysed
(ABL3, Radiometer Inc, Copenhagen, Den-
mark). The end tidal CO, pressure (PETCO,)
was calculated from the cycles in which VT,
Ti, T, Ttot and FETCO, were measured.

All signals (V, VT, Paw, Poes, FETCO, and
EMGdi) were simultaneously displayed and
recorded using a polygraphic recorder (ES
2000 V12, Gould Electronics Inc, Cleveland,
Ohio, USA) (fig 1). Polygraphic recordings of
10-15 respiratory cycles with a paper speed of
10 and 50 mm/s were used to measure VT,
inspiratory ('T1) and expiratory (TE) times, total
cycle duration (Ttot), RR, mean inspiratory
flow (VT1/T1), relative inspiratory time (TU
Ttot), and FETCO, for each cycle. They were
then averaged from the entire tracing. A digit-
isation table (Hewlett Packard 9874 A) and a
personal computer (Hewlett Packard 9835 A)
were used for measurements and calculations
on each entire recording.

The respiratory comfort (level of dyspnoea,
well being) was assessed in the last minutes of
each ventilation sequence on a 100 mm visual
analogue scale (VAS). The patient’s status was
located between a value of 0 (“I don’t feel at
all comfortable”) and 100 (“I feel very com-
fortable”) and converted into a numerical value
for statistical analysis. Preference for each of
the two modes was also noted.

STATISTICAL ANALYSIS

The primary end point involved comparison of
respiratory muscle function parameters, gas
exchange, and breathing pattern between the
SB and ACV modes. The secondary end point
evaluated the clinical respiratory comfort with
these two modes. Qualitative data assessed by
VAS were subsequently converted into nu-
merical values in millimetres. Due to the cross-
over design of the trial, we performed a non-
parametric test for carry-over (interaction),
period and treatment effects using the Mann—
Whitney U test to compare results between SB
and ACV sequences.”” The Wilcoxon test for
paired data was used to compare arterial blood
gas tensions on admission with those obtained
with ACV and SB mode. Results were ex-
pressed as mean (SD) for ACV and SB sep-
arately and median differences and ranges
(ACV-SB). A difference was considered to be
statistically significant for an alpha probability
of less than 0.05 (p <0.05).

Results

The main clinical and respiratory char-
acteristics of the 15 patients with COPD are
shown in table 1. All showed evidence of severe
hypercapnic ACRF requiring NIV. These
ACREF episodes were related to bronchial in-
fection in 14 cases and to pneumonia in one
case (patient 3). Table 1 also shows the main
ventilatory settings used in ACV mode during
the trial after optimisation. No evidence was
found for any carry-over (interaction) or period
effects so all the results presented are for the
non-parametric treatment effects.

In comparison with SB, all the WOBinsp
parameters (WOBinsp/cycle, WOBinsp/VT,
WOBIinsp/RR), and PTP were significantly de-
creased with ACV (p <0.001; table 2) and
all patients demonstrated a decrease in their
individual values. The pEMGdi was also sig-
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Table 1 Clinical and respiratory characteristics of the 15 patients with COPD on admission and settings used with assist-control ventilation (AVC)

Patient  Sex Age Weight FEV 1 VCt FEV,/VCt  Pao,* Paco,* pH* SAPS Vr RR Fio,
no. (years) (kg) (% pred) (% pred) (%) (kPa) (kPa) (ml) (cycles/min) (%)
1 M 54 57 24 60 33 6.98 8.94 7.33 8 840 12 0.3
2 F 71 50 - - - 9.61 8.46 7.34 11 750 14 0.3
3 F 65 72 - - - 4.69 7.18 7.35 7 500 12 0.4
4 F 68 40 32 42 59.79 8.86 10.47 7.27 9 750 18 0.4
5 M 52 66 16 37 34.42 6.60 9.99 7.34 10 600 18 0.4
6 M 74 69 - - - 4.53 9.04 7.32 14 600 12 0.5
7 M 60 51 23 62 28.95 8.27 7.95 7.35 8 700 17 0.4
8 M 69 106 53 63 62.50 5.62 7.55 7.32 10 800 12 0.4
9 M 60 59 20 53 29.84 5.05 9.15 7.32 10 800 12 0.4
10 M 68 83 34 59 45.12 8.18 9.93 7.35 12 600 15 0.4
11 M 71 59 - - - 10.96 11.43 7.24 10 500 20 0.45
12 M 58 58 32 72 35.37 11.27 9.63 7.33 10 700 15 0.45
13 M 70 61 34 48 55.09 6.17 11.62 7.27 11 700 15 0.30
14 M 67 80 - - - 9.91 8.40 7.32 9 800 13 0.40
15 M 61 53 24 39 48.05 11.10 12.99 7.30 7 600 20 0.40
Mean - 64.53 64.27 29.20 53.50 43.21 8.45 9.52 7.32 9.73 682.67 15.0 0.39
(SD) (6.75) (16.21) (10.43) (11.65) (12.65) (2.93) (1.61) (0.03) (1.87) (110.22)  (2.95) (0.06)

SAPS =simplified acute physiological score; VT=insufflated tidal volume; RR =respiratory rate.
* Arterial blood gas tension on admission in ambient air or with additional oxygen < 3 l/min.
T Pulmonary function tests in steady state.

nificantly reduced (p=0.004) with a decrease
of 36% with ACV in comparison with control
values in SB mode. The mean Paw was sig-
nificantly higher with ACV (p <0.001). PEEPi,
dyn did not change between the two NIV

Table 2  Effects of ACV on respiratory mechanic parameters and diaphragmatic function
during non-invasive ventilation in 15 patients with COPD

SB Acv ACV - SB p value
Paw (cm H,0) 0.23 (0.39) 6.71 (1.99) 6.55 (2.25 to 9.30) <0.001
PEEPi, dyn (cm H,0)  5.08 (2.74) 4.90 (4.02)  —0.50 (—4.90 to 4.30) NS
APoes (cm H,0) 22.03 (7.86) 6.69 (5.13)  —13.00 (—35.70 to 0.50)  <0.001
pEMGdi (mV) 19 (64.52)  70.60 (52.24) —42.80 (—168 to 78.80) 0.004
WOBInsp (J) 0.83 (0.34) 0.38 (0.35) —0.38 (—1.02 to 0.05) <0.001
WOBinsp/VT (J/1) 1.90 (0.64) 0.58 (0.52) —1.27 (—2.18 to —0.56)  <0.001
WOBInsp/RR (J/min) ~ 17.08 (8.12) 6.95 (7.05)  —11.57 (—19.71 to —1.39) <0.001
PTP (cm H,O/s) 18.01 (6.07) 4.05 (3.97)  —11.90 (—26.41 to —6.87) <0.001

ACV =assist-control ventilation; SB=spontaneous breathing; Paw=mean airway pressure;
PEEPi,dyn = dynamic intrinsic positive end expiratory pressure; APoes =changes in oesophageal
pressure; pPEMGdi=maximal integrated diaphragmatic electromyographic activity; WOBinsp =
total inspiratory work of breathing; VT =tidal volume; RR =respiratory rate; PTP =pressure time

product.

Values are mean (SD) and median differences (ACV — SB) (ranges); p values SB versus ACV.

Table 3  Effects of ACV on breathing pattern during non-invasive ventilation in 15

patients with COPD

SB Acv ACV - SB p value
VT (ml) 423.40 (99.33)  617.60 (116.41) 183 (29 to 356) <0.001
RR (cycles/min) 20.58 (3.62) 17.43 (3.02) —3.7 (—9.20 to 3.90) 0.01
VE (I/min) 8.99 (2.43) 10.65 (1.98) 1.72 (—5.44 to 4.68) 0.02
Ti (s) 1.13 (0.20) 0.86 (0.26) —0.29 (—0.76 to 0.23) 0.01
TE (s) 1.89 (0.50) 2.67 (0.64) 0.79 (—0.43 to 1.57) 0.002
Ttot (s) 3.02 (0.67) 3.54 (0.61) 0.60 (—1.17 to 1.69) 0.028
Ty/Ttot 0.38 (0.03) 0.25 (0.08) —0.12 (—0.22 t0 0.005)  <0.001
V1/T1 (Is) 0.38 (0.08) 0.77 (0.22) 0.38 (0.01 to 0.88) <0.001

ACV =assist-control ventilation; SB = spontaneous breathing; VT =tidal volume; RR =respiratory
rate; VE=minute ventilation; T1=inspiratory time; TE =expiratory time; Ttot=total breathing

cycle time; T/ Ttot=duty cycle; VI/TI

=mean inspiratory flow.

Values are mean (SD) and median differences (ACV — SB) (ranges); p values SB versus ACV.

Table 4  Effects of ACV on gas exchange during non-invasive ventilation in 15 patients

with COPD

SB ACV ACV - SB P value
Pao, (kPa) 11.72 (1.64) 13.31 (2.15) 1.13 (—2.53 to 6.39) 0.02
Pao,/Fio, (mm Hg) 232.33 (45.37) 267.96 (77.35) 18.89 (—47 to 16) 0.02
Sao, (%) 95.71 (1.66) 97.23 (1.11) 1.60 (—0.70 to 4.3) 0.002
pH 7.35 (0.05) 7.40 (0.07) 0.03 (0 to 0.19) <0.001
Paco, (kPa) 8.51 (1.32) 7.39 (1.39) —0.77 (—3.52 t0 0.25) <0.001
HCO,~ (mmoll)  34.50 (4.28) 33.51 (4.37) —1.30 (—3.5to 1) 0.02
Perco, (mmHg)  48.50 (8.33) 43.12 (8.26) —3.50 (—47 to 160) <0.001

ACV =assist-control ventilation; SB =spontaneous breathing; PETCco,=end tidal CO, pressure;
Pao,, Paco, =arterial oxygen and carbon dioxide pressures; Sa0, =oxygen saturation. Values are
mean (SD) and median differences (ACV — SB) (ranges); p values SB versus ACV. 1 kPa=

7.5 mmHg.

sequences while APoes was significantly de-
creased with ACV (p <0.001).

The effects of NIV on breathing pattern are
shown in table 3. VE was significantly increased
with ACV (p=0.02) compared with SB. This
improvement in VE was achieved by a sig-
nificant increase in VT (p <0.001) while a
parallel decrease in RR was observed (p=0.01).
This last finding during ACV was related to an
increase in Ttot (p =0.028) due to a significant
increase in TE (p=0.002) and a decrease in T1
(p=0.01). ACV also significantly affected T1/
Ttot (p <0.001) and increased VT/TI (p
<0.001) in comparison with SB.

A comparison of arterial blood gas tensions
on admission with those obtained with ACV
revealed a significant increase in Pao, (mean
(SD) 8.45 (2.93) vs 13.31 (2.15); p <0.001)
with a parallel improvement in Paco, (9.52
(1.61) vs 7.39 (1.39); p=0.001) and pH (7.32
(0.03) vs 7.40 (0.07); p=0.0009). No change
was found between arterial blood gas tensions
on admission and those obtained with SB
mode. During the trial oxygenation parameters
were also significantly improved between SB
and ACV although Fio, did not change between
the two sequences. Among the alveolar vent-
ilation parameters baseline pH, Paco,, and
PETCO, were significantly improved with ACV
(p <0.001; table 4).

The mean (SD) VAS rating for respiratory
comfort was 57.23 (30.12) mm during ACV,
significantly smaller than that during SB mode
at 77.46 (14.66) mm with a mean difference
of 24 mm (95% CI —10 to 80 mm, p=0.05),
indicating that ACV was less acceptable to the
patients.

None of the 15 patients with COPD finally
required intubation. All were subsequently suc-
cessfully managed with daily NIV using ACV
in 10 cases and PSV in five who profited more
by this last mode in the long term.

Discussion

This study provides a better understanding of
the physiological mechanisms underlying the
clinical benefits which may be expected from
NIV with ACV mode in the treatment of acute
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exacerbations of COPD. It shows that, during
NIV, ACV acts by reducing total WOBinsp
while at the same time improving breathing
pattern and gas exchange. Despite optimised
settings adapted to the clinical tolerance of
patients, these beneficial physiological effects
are achieved at the expense of respiratory dis-
comfort which is experienced by all patients in
comparison with the SB mode.

The conditions of this study involved the
usual emergency situation in which such
patients are admitted. We used initial ACV
settings as previously reported’!! but it proved
necessary in most patients to change these
settings subsequently for reasons of tolerance
or air leaks around the nasal mask. We found
that a lower than recommended’! mean in-
sufflated VT of 9 ml/kg provided a significant,
and probably sufficient, reduction in WOBinsp
with improved breathing pattern. This op-
timisation was nevertheless subject to in-
terindividual variations which had to be taken
into account when interpreting our results and
setting ventilators. It is thus probable that set-
tings suggested up to now’'' — which can be
obtained only at the price of an increased Paw
(that is, by increasing VT with ACV) — would
have led to a greater decrease in WOBinsp but
at the expense of more patient discomfort. It
is essential to take this fact into account when
choosing initial settings from NIV. Fur-
thermore, our settings did not cause any sig-
nificant variation in PEEPi,dyn which may
contribute, particularly in COPD,* to an ad-
ditional imposed workload via dynamic hyper-
inflation as has sometimes been observed with
non-invasive PSV.?!? The optimised settings
presented in this study could constitute baseline
settings for future use of non-invasive ACV.

We used several parameters to evaluate in-
spiratory muscle function, and more especially
that of the diaphragm. To the best of our
knowledge, calculation of WOBinsp with NIV
is reported here for the first time. During ACV
we did not calculate the work performed by
the patient as the difference between ventilator
work during assisted and controlled mechanical
breaths with identical flow rates and tidal vol-
umes’’ because this method is not applicable
during SB.

Our results demonstrate a significant re-
duction in muscle activity indices when using
NIV with the ACV mode compared with the
SB mode, with APoes, WOBinsp/VT, WOB-
insp/RR, and PTP being influenced the most.
The baseline total workload was changed from
a value that was close to the diaphragmatic
fatigue threshold of 1.40 J/I’® to a normal value
of 0.30-0.65 J/1.>° This difference in total
WOBIinsp between the SB and ACV modes
could be due in part to the workload necessary
to overcome the circuit and demand valve re-
sistances.” Nevertheless, as explained below,
most of the cycles were also triggered during
ACV in our patients. Interestingly, the WOB
of the patients with the ACV mode was less
than that reported in other studies with invasive
endotracheal ventilation.**?”* The size of the
endotracheal tubes can greatly influence the
muscular effort required,**! and air leaks dur-

ing NIV due to a poorly fitting mask or un-
suitable settings also increase respiratory
workload."> Despite these possible limitations
we found that non-invasive ACV can, like endo-
tracheal ventilation, achieve one of the goals of
assisted ventilation which is to provide muscle
rest.* Complete muscle rest could not be
achieved during the trial because a certain de-
gree of muscle activity persists with ACV, al-
though this activity is close to normal.® This
is because we used a patient triggered mode of
ventilation (ACV) to assist our patients. Even
with endotracheal ventilation, ACV may allow
considerable respiratory effort to persist which
can be similar to the effort needed with SB.? 3742

The interpretation of WOBinsp may be
difficult with NIV so we combined measure-
ment of the EMGdi. It has been shown that
during NIV the surface EMGdi activity was
well correlated with that of EMGdi assessed by
invasive oesophageal electrodes.*** The results
parallelled those of WOBInsp — that is, a sub-
stantial reduction in surface EMGdi amplitude
occurred with the ACV mode. The decrease
in WOBinsp and EMGdi with non-invasive
ACYV was also supported by the decrease in
APoes and PTP. These parameters, which are
easier to obtain and interpret in clinical prac-
tice, are also good indices of muscle energy
expenditure and oxygen consumption in re-
sponse to the ventilatory drive of patients.'?3!*?

Our results support those of previous physio-
logical studies of NIV in ACRF.?'?!> These
studies mainly investigated PSV?'? rather than
the ACV mode."”” The WOBinsp was not cal-
culated but a significant reduction was found
in transdiaphragmatic pressure (Pdi), PTP,>
electrical activity of the diaphragm,?'?'* and
APoes in patients with chronic obstructive or
restrictive respiratory disease.'®> Similar results
with PSV using a mask have also been reported
in patients with stable COPD.'"*'" To the best
of our knowledge, no previous study has spe-
cifically evaluated the physiological effects of
ACYV during NIV in a large population of
COPD patients with ACRF. Carrey et al*® first
reported the effects of NIV on inspiratory
muscle activity. However, they used a pressure
control mode and only investigated two
patients with COPD in ACRF of a study popu-
lation of 12 subjects.

Our study also shows that NIV with ACV
mode enables an improvement in the breathing
pattern as has already been shown with PSV
in other patients.?’* ACV thus acts essentially
as expected by increasing alveolar ventilation
(V1) and reducing RR with consequent im-
provement in arterial blood gas tensions. It is
possible that the arterial blood gas tensions in
our patients could have improved spon-
taneously during the delay (mean (SD) 19.2
(11.48) hours) between their admission and
the start of the study. However, the blood gas
tensions during SB did not differ from the
admission values, suggesting this did not occur.
Our arterial blood gas tensions are in agreement
with those of numerous clinical'™® and physio-
logical'* studies with NIV in ACRF. Our find-
ings indicate that improved alveolar ventilation
can be expected within 30 minutes of starting
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NIV’ * and this supports the view that NIV is of
most benefit to patients with acute hypercapnic
respiratory failure.**

The respiratory comfort of our patients was
an essential factor for the acceptance and sub-
sequent results of the NIV technique. The
physiological effects of NIV could certainly be
improved if it was not necessary to take into
account this criterion. Despite the fact that we
optimised the settings for ACV, all our patients
preferred SB and PSV to the ACV mode in
terms of respiratory comfort. A recent study to
assess non-invasive ACV and PSV modes in
29 patients' found that PSV was also better
accepted and had fewer side effects than ACV.
The anomaly that, despite adequate respiratory
muscle rest with the ACV mode our patients
experienced discomfort, could be related to
the increase in Paw or the loss of control of
breathing by ACV compared with the SB mode.
Although we failed to demonstrate any cor-
relation between Paw and VAS ratings, these
explanations probably account for the fact that
PSV is better tolerated than ACV but without
any difference in clinical results."

In conclusion, we have shown that the use
of non-invasive ACV in patients with COPD
with ACREF results in a substantial decrease in
the workload of the respiratory muscles with
improvements in breathing pattern and gas
exchange. These physiological effects are max-
imised if the ventilator settings are optimally
adjusted according to the patient’s tolerance
and the presence of air leaks. The main dis-
advantage of the ACV mode in the short term
appears to be a feeling of respiratory discomfort
experienced by the patients so physicians must
optimise the ACV settings to improve the suc-
cess of the technique. If respiratory comfort is
the limiting factor then PSV may be preferable
to ACV, although the ACV mode might be
more physiologically appropriate during the
early phase of ACRF in some patients with
COPD who have unreliable inspiratory effort,
unstable ventilatory drive, and variable res-
piratory mechanics.
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