
E. Calderini
M. Confalonieri
P.G. Puccio
N. Francavilla
L. Stella
C. Gregoretti

Patient-ventilator asynchrony during
noninvasive ventilation: the role of
expiratory trigger

Received: 5 June 1998
Accepted: 24 February 1999

E.Calderini ´ P. G. Puccio ´
N. Francavilla ´ L. Stella
Terapia Intensiva Malattie Infettive CSL,
IRCCS H San Raffaele, I-20127 Milano,
Italy

M. Confalonieri ())
U.O. di Pneumologia, Ospedale Civile,
via Crotti, 24, I-29100 Piacenza, Italy
e-mail: mconfalonieri@qubisoft.it
Tel. + 39 0523302533
Fax + 39052338 5900

C. Gregoretti
Servizio di Anestesia e Rianimazione,
Centro Traumatologico Ortopedico,
Torino, Italy

Abstract Objective: Air leaks
around the mask are very likely to
occur during noninvasive ventila-
tion, in particular when prolonged
ventilatory treatment is required. It
has been suggested that leaks from
the mask may impair the expiratory
trigger cycling mechanism when in-
spiratory pressure support ventila-
tion (PSV) is used. The aim of this
study was to compare the short-term
effect of two different expiratory
cycling mechanisms (time-cycled vs
flow-cycled) during noninvasive in-
spiratory pressure support ventila-
tion (NIPSV) on patient-ventilator
synchronisation in severe hypoxe-
mic respiratory failure.
Study population: Six patients with
acute lung injury (ALI) due to ac-
quired immunodeficiency syndrome
(AIDS)-related opportunistic pneu-
monia were enrolled in the protocol.
Intervention: Each subject was first
studied during spontaneous breath-
ing with a Venturi oxygen mask (SB)
and successively submitted to a ran-
domly assigned 20 ¢ conventional
flow-cycling (NIPSVfc) or time-cy-
cling inspiratory pressure support
ventilation (NIPSVtc). The pre-set
parameters were: inspiratory pres-
sure of 10 cm H2O, PEEP of 5 cm
H2O for the same inspired oxygen
fraction as during SB. A tight fit of

the mask was avoided in order to fa-
cilitate air leaks around the mask.
The esophageal pressure time prod-
uct (PTPes) and tidal swings (DPes)
were measured to evaluate the pa-
tient's respiratory effort. A subjec-
tive ªcomfort scoreº and the differ-
ence between patient and machine
respiratory rate [DRR(p-v)], calcu-
lated on esophageal and airway
pressure curves, were used as indices
of patient-machine interaction.
Results: Air leaks through the mask
occurred in five out of six patients.
The values of PEEPi (< 1.9 cm H20)
excluded significant expiratory
muscle activity. NIPSVtc signifi-
cantly reduced PTPes, DPes, and
DRR(p-v) when compared to NIPS-
Vfc [230 � 41 (SE) vs 376 � 72 cm
H2O × s × min±1 ; 8 � 2 vs 13 � 2 cm
H2O; 1 � 1 vs 9 � 2 br × min±1; re-
spectively] with a concomitant sig-
nificant improvement of the ªcom-
fort scoreº.
Conclusions: In the presence of air
leaks a time-cycled expiratory trig-
ger provides a better patient-ma-
chine interaction than a flow-cycled
expiratory trigger during NIPSV.
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Introduction

Noninvasive pressure support ventilation (NIPSV) is ef-
fective in selected patients with exacerbation of chronic
obstructive pulmonary disease [1], however, when
NIPSV was applied to other categories of patients with
acute respiratory failure uniform results were not ob-
tained [2, 3]. The intrinsic difficulty of this technique as
well as the need of training medical and non-medical
staff has been repeatedly emphasised [4±6]. Inadequate
patient co-operation, mask intolerance and patient se-
lection criteria have been advocated as frequent causes
for noninvasive ventilation failure [5, 7], but little atten-
tion has been paid to the setting and the type of ventila-
tor, that are crucial to patients with severe illnesses. Re-
cently, Lofaso et al. [8] suggested that some failures of
noninvasive mask ventilation could be ascribed to the
technical characteristics of the device rather than to a
clinical condition refractory to this technique. Nava
et al. [9] and Goulet et al. [10] stressed the importance
of the ªtrigger variableº in reducing the inspiratory ef-
fort and patient-ventilator mismatching.

Conversely, the role of the expiratory trigger has nev-
er been sufficiently investigated, particularly when air
leaks around the mask occur. The majority of pressure
support devices have a cycling mechanism based on the
achievement of a pre-set flow threshold (i. e. 25% of
peak inspiratory flow). It has been suggested that leaks
around the mask may prevent the flow from reaching
the pre-set expiratory trigger [6, 11]; in this case, an ab-
normal prolongation of the inspiratory time occurs,
with a consequent patient-ventilator mismatching, as re-
cently shown by Black and Grover in intubated patients
with air loss through the cuff [12]. We speculated that
such a mechanism could explain why several hypoxemic
patients are considered not to be compliant to mask
ventilation and we hypothesised that an operator-im-
posed, pre-set inspiratory time could facilitate patient-
machine interaction and improve ventilatory muscle
support. The aim of this study was to compare the ef-
fects of time-cycled inspiratory pressure support breath-
ing against a conventional flow-cycled one in patients
with acute lung injury (ALI) during NIPSV, as far as pa-
tient-machine interaction and muscle support are con-
cerned.

Materials and methods

Study population

Six consecutive patients (5 men) with acquired immunodeficiency
syndrome (AIDS) and ALI admitted to the infectious disease
ICU at San Raffaele Hospital (Milan, Italy) were included in the
study after they had given oral consent to a protocol approved by
the Institutional Ethics Committee. The diagnosis of ALI was in
accordance with a recent consensus conference [13] whereas the

diagnosis of AIDS was made according to the CDC [14]. All pa-
tients were fully co-operative, without apparent neurologic or car-
diovascular disorders. They were ventilated by pressure support
(Servo ventilator 900C, Siemens Elema, Solna, Sweden) via a face
mask (Gybeck Respiration AB, Upplands-Vasby, Sweden) fitted
with Velcro head straps. The average age, weight and SAPS 2
scores were: 44 � 6 years, 65 � 6 kg and 42 � 5 (SEM), respectively.
Bronchoalveolar lavage demonstrated Pneumocystis carinii in four
patients and Aspergillus fumigatus in two. Patient surveillance was
based on the standard equipment in our ICU (Merlino 56S, Hew-
lett-Packard, Andover, Mass, USA). A physician not involved in
the study protocol was always present to provide for patient care.
No change in customary medical therapy was made during the pro-
cedure.

Measurements

Flow (VÇ ) was measured with a heated pneumotachograph (Me-
tabo, Epalinges, Switzerland) inserted between the mask and the
Y connector of the circuit and connected to a differential pres-
sure transducer (Validyne MP, Validyne, Northridge, Calif.). Tid-
al volume was determined by numerical integration of flow. The
difference between inspiratory and expiratory tidal volumes was
used to quantify air leakage. Airway pressure (Paw) was mea-
sured by means of a pressure transducer (mod. 1290A, Hewlett-
Packard, Andover, Mass., USA) connected to a polyethylene
catheter to the face mask. Esophageal pressure (Pes) was mea-
sured with an identical transducer connected to an esophageal
balloon catheter. The validity of Pes measurements was verified
with the occlusion test according to Baydur et al. [15]. Dynamic
intrinsic end-expiratory pressure (PEEPi) was measured as the
amount of negative deflection in Pes preceding the start of in-
spiratory flow [9].

Esophageal pressure tidal swing (DPes) was measured as the
difference between the negative inspiratory peak esophageal pres-
sure and the preceding end-expiratory baseline. The esophageal
pressure time product (PTPes) was measured as the area subtend-
ed by Pes over inspiratory time [16] after integration of the theo-
retical values for chest wall compliance which had been previously
obtained in our laboratory [17]. The difference between respirato-
ry rate calculated on Pes (patient respiratory rate = RRp) and
Paw curves (ventilator respiratory rate = RRv) was used as an in-
dex of patient adaptation: DRR(p-v). Arterial blood gases were
measured with a previously calibrated blood gas analyser (IL
BG3; Instrumentation Laboratories, Lexington, Mass., USA). An
in-line heated humidifier (Aquapor Drager, Lübeck, Germany)
humidified gases. The patient's subjective compliance with ventila-
tion was recorded by a visual assessment score and defined as
ªcomfort scoreº. Patients pointed to a number on a board
(0 = very bad, 1 = bad, 2 = quite bad, 3 = sufficient, 4 = good and
5 = very good) to answer the question: ªHow comfortable is this
kind of ventilation?º

Study protocol

After a 30 min period of spontaneous breathing with O2 supple-
mentation (SB), there was a randomisation between flow-cycled
and time-cycled NIPSV. Each patient spent 20 min on each mode
of ventilation. Subjects were studied in the semi-recumbent pos-
ture. Measurements were performed at the same inspired oxygen
concentration during SB and during two runs of randomly applied
flow- and time-cycled NIPSV with the same inspiratory pressure
(10 cm H2O, above PEEP) and external PEEP (5 cm H2O).
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The Servo Ventilator 900C has a safety mechanism which al-
lows for inspiratory time adjustments during PSV: inspiratory
threshold time (ITT = 60/ventilator frequency × 0.8), that corre-
sponds to 80 % of the duty cycle of a controlled breath. We arbi-
trarily set a very long ITT (4.8 s, ventilator frequency =
10 br × min±1) during conventional flow-cycled Inspiratory Pressure
Support Ventilation (NIPSVfc), in order to evaluate the efficacy of
the flow expiratory trigger, and a variable ITT (0.8±1.2 s, ventilator
frequency = 60±40 br × min±1), according to the patient's inspirato-
ry time during SB, in order to assess the effect of a NIPSVtc. The
inspiratory trigger was set at ±2 cm H2O to avoid self-triggering.
A tight fit of the mask was avoided to facilitate air leaks around
the mask. Blood gas samples were drawn at the end of each run.
Conventional mechanical ventilation via intubation was available
at any time if needed.

Data analysis

All respiratory variables were continuously recorded on a four-
channel pen recorder (mod. 7754B, Hewlett-Packard, Cupertino,
Calif., USA) at a paper speed of 10 mm × s±1. Moreover, all signals
passed through an A/D board at the sampling frequency of
200 Hz and were collected on a personal computer via a 12-bit an-
alog-to-digital converter. Data analysis was performed using the
software package ANADAT (RHT-Info Dat, Montreal, Quebec,
Canada). DPes, PTPes and respiratory pattern were analysed on a
breath-by-breath basis; 15 consecutive breaths, usually at the end
of a 20-min run, were considered for data analysis.

The results are expressed as the mean values ± standard error
(SEM). Student t test (paired data with Bonferroni's adjustment)
and c2 test were used, when suitable, to compare different runs.
Statistical significance was defined at a two-tailed p value less
than 0.05.

Results

Figure 1 shows a representative experimental record in
a patient treated with NIPSVtc (left side) and conven-
tional NIPSVfc (right side) showing the perfect synchro-
nisation between patient and machine during NIPSVtc
in contrast with the de-coupling observed during NIPS-
Vfc. In this latter condition a prolonged insufflation oc-
curs with unremitting negative deflections on the Pes
curve representing wasted inspiratory effort and/or un-
successful expiratory attempts. Similar respiratory trac-
es were observed in the five patients with significant air
leaks.

Besides, the synchronisation between patient and
machine during NIPSVtc is numerically confirmed in
Fig. 2 by the lower DRR(p-v) value (1 � 1 vs 9 � 2
br × min±1, p < 0.05) and the higher comfort score
(4 � 0.6 vs 1.1 � 0.2, p < 0.01). In the NIPSVfc trial,
only one patient (no. 4) showed a good comfort score
(= 5) and DRR(p-v) of 0, most likely because of a good
face-mask seal. The estimates of air leaks (mean ± SE)
was 664.8 ± 54 ml during NIPSVfc and 567 ± 80 ml dur-
ing NIPSVtc (p = 0.335). Intrinsic PEEP remained low
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Fig.1 A representative experimental record in a patient with in-
complete face-mask sealing during NIPSVtc (left side) and con-
ventional NIPSVfc (right side)



in all the patients during the study (max. value 1.8 cm
H2O) excluding overestimation of the inspiratory effort
measurement due to expiratory muscle activity [18]. As
can be noted in Fig. 3, the application of conventional
NIPSVfc did not significantly reduce either DPes or
PTPes when compared to SB (13 � 2 vs 14 � 2 cm H2O
and 376 � 72 vs 415 � 46 cm H2O × s × min±1, respective-
ly). Conversely, the application of NIPSVtc produced a
marked reduction of both indices of inspiratory muscle
effort (DPes = 8 � 2 cm H2O and PTPes = 230 � 41 cm
H2O × s × min±1) which was statistically significant com-
pared to SB (p = 0.005 and p = 0.022, respectively) as
well as to NIPSVfc trials (p = 0.046 and p = 0.039, re-
spectively).

Despite the presence of air leaks, both modes of
NIPSV produced a consistent increase in the PaO2/
FIO2 ratio when compared to SB (p < 0.02), but the in-
crease was significantly higher during NIPSVtc in com-
parison with NIPSVfc (p = 0.016). No significant change
in PaCO2, pH and RR was observed during the different
trials.

Discussion

The present study shows that the use of a time-cycled
NIPSV (NIPSVtc) produces a significant reduction in
the patient's respiratory effort together with better pa-
tient-machine interaction when compared to a conven-
tional flow-cycled NIPSV (NIPSVfc) in the presence of
air leaks. As can be observed in Fig. 1, during NIPSVtc
the number of machine-delivered breaths is equal to
the number of inspiratory efforts performed by the pa-
tient. The perfect coupling between patient effort and
machine support allows a significant reduction of both
indices of muscle activity. However, the duration of in-
spiration is crucial for matching the patient's respiratory
frequency with the ventilator. Based on clinical expe-
rience, we set ITTs between 0.8 and 1.2 s. according to
the patient's respiratory rate during SB trials. This em-
phasises that a careful measurement or estimate of in-
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Fig.2 Comfort score and difference between patient and ventila-
tor respiratory rate [DRR(p-v)] during NIPSVtc and NIPSVfc.
For further explanations see text

Fig.3 Esophageal pressure tidal excursions (DPes) and pressure
time product (PTPes) in the different trials



spiratory time is critical to insure proper setting of the
inspiratory time on the ventilator.

In five of six patients, the presence of air leaks from
the mask impaired the expiratory trigger threshold
when conventional NIPSVfc was used. In this context,
an abnormal prolongation of the inspiratory time oc-
curred with multiple attempts performed by the patient
in order to exhale against the machine or inhale without
receiving any ventilatory support (inspiratory hang-up)
[12]. In this situation, the patient ªfightsº the ventilator
and we believe this may be a frequent cause of noninva-
sive ventilation failure, often described as ªintolerance
to the maskº and well quantified by our arbitrary indi-
ces, DRR(p-v) and ªcomfort scoreº.

A slight loosening of the mask is a reasonable option
to improve patient acceptance, provided that sufficient
oxygenation is guaranteed. In fact, patients with AIDS
and refractory hypoxemia cannot bear a tight-fitting
mask for many days without serious discomfort, intoler-
ance and severe skin lesions [19]. Moreover, leakage is
very likely to occur during NIPSV for different reasons:
patient movements can displace the mask and the inser-
tion of a naso-gastric tube can facilitate air leaks around
the mask. Recent studies have reported that, unlike
ICU ventilators, some home-care ventilators could tol-
erate air leaks [20, 21]. However, the lack of adequate
monitoring makes these devices unsuitable for ICU use
in patients with severe ARF.

Time-cycled NIPSV does not substantially differ
from pressure-controlled ventilation (PCV), which is a
pressure-limited, time-cycled ventilatory support that
can be used both in controlled or assisted mode [22].
Contrary to PCV, PSV does not force the patient to
keep a fixed RR. During PCV the maximum pressure

used to deliver a breath is pre-set on the ventilator along
with the flow rate and the RR, but the cycling to expira-
tion is determined by an adjustable inspiratory time set
by the operator. PCV can, therefore, be considered a
valid alternative to time-cycled IPSV when using nonin-
vasive ventilation.

It is well known that PTPes and tidal swing give us
only a rough estimate of a patient's total inspiratory ef-
fort. Furthermore, an element of uncertainty can exist
in the calculation of PTP during PSV, since a decrease
in pleural pressure before the onset of inspiratory flow
may result from expiratory muscle activity [18]. Recent-
ly, Jubran et al. [23] showed how to consider expiratory
muscle activity computing PTP in intubated COPD pa-
tients during PSV. We did not use the method of Jubran
et al. [23] to compute PTP, nevertheless, dynamic PE-
EPi was absent or very low in our patients, so any deter-
minant contribution of the expiratory muscles should be
excluded [18]. In spite of these limitations, the measure-
ments can be considered accurate along with the results
of the study.

In conclusion, to our knowledge this is the first study
evaluating the expiratory cycling system during NIPSV,
and one of the few studies performed in noninvasively
ventilated patients with ALI. We have shown that a
time-cycled mode of NIPSV may facilitate the accep-
tance of noninvasive ventilation and could substantially
reduce early failures, even in severely ill patients. Fur-
ther studies are needed to establish criteria for the
more accurate setting of ventilators during noninvasive
ventilation in respiratory failure of different origins.

Acknowledgements We thank Dr. Stefano Nava and Dr. Paolo
Navalesi for useful talks and suggestions.

666

References

1. Brochard L, Mancebo J, Wysocki M,
Lofaso F, Conti G, Rauss A, Simonneau
G, Benito S, Gasparetto A, Lemaire F,
Isabey D, Harf A (1995) Noninvasive
ventilation for acute exacerbations of
chronic obstructive pulmonary disease.
N Engl J Med 333: 817±822

2. Wysocki M, Tric L, Wolff MA, Millet H,
Herman B (1995) Noninvasive pres-
sure-support ventilation in patients
with acute respiratory failure. A ran-
domized comparison with conventional
therapy. Chest 107: 761±768

3. Wood KA, Lewis L, Von Harz B, Kollef
MH (1998) The use of noninvasive pres-
sure ventilation in the Emergency De-
partment. Chest 113: 1339±1346

4. Ambrosino N (1996) Noninvasive me-
chanical ventilation in acute respiratory
failure. Eur Respir J 9: 795±807

5. Brochard L (1993) Non-invasive venti-
lation: practical issues. Intensive Care
Med 19: 31±32

6. Meduri GU (1996) Noninvasive posi-
tive-pressure ventilation in patients
with acute respiratory failure. Clin
Chest Med 17: 513±553

7. Hillberg RE, Johnson DC (1997) Non-
invasive ventilation. N Engl J Med 337:
1746±1752

8. Lofaso F, Brochard L, Hang T, Lorino
H, Harf A, Isabey D (1996) Home ver-
sus intensive care pressure support de-
vices: experimental and clinical compar-
ison. Am J Respir Crit Care Med 153:
1591±1599

9. Nava S, Ambrosino N, Bruschi C, Con-
falonieri M, Rampulla C (1997) Physio-
logical effects of flow and pressure trig-
gering during non-invasive mechanical
ventilation in patients with chronic ob-
structive pulmonary disease. Thorax
52: 249±254

10. Goulet R, Hess D, Kacmarek RM
(1997) Pressure vs flow triggering dur-
ing pressure support ventilation. Chest
111: 1649±1653

11. Campell RS, Branson RD (1993) Venti-
latory support for the 90 s: pressure sup-
port ventilation. Respir Care 38:
526±537

12. Black JW, Grover BS (1993) A hazard
of pressure support ventilation. Chest
93: 333±335



667

13. Bernard GR, Artigas A, Brigham KL,
Carlet J, Falke K, Hudson L, Lamy M,
LeGall JR, Morris A, Spragg R (1994)
The American-European consensus
conference on ARDS. Definition,
mechanisms, relevant outcomes, and
clinical trial coordination. Am J Crit
Care Med 149: 818±824

14. Centers for Disease Control (1987) Re-
vision of the CDC surveillance case def-
inition for acquired immunodeficiency
syndrome. Morb Mort Week Rep 36: 15

15. Baydur A, Behrakis PK, Zin WA, Jae-
ger MJ, Milic-Emili J (1983) A simple
method for assessing the validity of the
esophageal balloon technique. Am Rev
Respir Dis 126: 788±791

16. Sassoon CSH, Light RW, Lodia R, Sieck
GC, Mahutte CK (1991) Pressure-time
product during continuous positive air-
way pressure, pressure support ventila-
tion, and T-piece during weaning from
mechanical ventilation. Am Rev Respir
Dis 143: 469±475

17. D'angelo, Calderini E, Robatto FM,
Puccio P, Milic-Emili J (1997) Lung
and chest wall mechanics in patients
with acquired immunodeficiency syn-
drome and severe Pneumocystis carinii
pneumonia. Eur Respir J 10: 2343±2350

18. Lessard MR, Lofaso F, Brochard L
(1995) Expiratory muscle activity in-
creases intrinsic positive end-expiratory
pressure independently of dynamic hy-
perinflation in mechanically ventilated
patients Am J Respir Crit Care Med
151: 562±569

19. Abou-Shala N, Meduri GU (1996) Non-
invasive mechanical ventilation in pa-
tients with acute respiratory failure.
Crit Care Med 24: 705±715

20. Ambrosino N, Nava S, Bertone P, Frac-
chia C, Rampulla C (1992) Physiologic
evaluation of pressure support ventila-
tion by nasal mask in patients with sta-
ble COPD. Chest 101: 385±391

21. Pennock BE, Kaplan PD, Carlin BW,
Sabangal JS, Magovern JA (1991) Pres-
sure support ventilation with a simpli-
fied ventilatory support system admin-
istered with a nasal mask in patients
with respiratory failure. Chest 100:
1371±1376

22. Boysen PG, McGough E (1988) Pres-
sure-control and pressure-support ven-
tilation: flow patterns, inspiratory time,
and gas distribution. Respir Care 33:
126±134

23. Lessard MR, Lofaso F, Brochard L, Ju-
bran AJ, Van De Graaf WB, Tobin MJ
(1995) Variability of patient-ventilator
interaction with pressure support venti-
lation in patients with chronic obstruc-
tive pulmonary disease. Am J Respir
Crit Care Med 152: 129±136


