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Abstract Objective: The purpose 
of  this study was to investigate 
whether changes in breathing pat- 
tern, neuromuscular drive (P0.1), 
and the work involved in breathing 
might help to set the individual ap- 
propriate level of  pressure support 
ventilation (PSV) in patients with 
acute respiratory failure (ARF) 
requiring ventilatory assistance. 
Design: A prospective, interven- 
tional study. 
Setting: An 8-bed multidisciplinary 
intensive care unit (ICU). 
Patients." Ten patients with ARF 
due to adult respiratory distress 
syndrome (ARDS), sepsis or airway 
infection were included in the 
study. Chronic obstructive 
pulmonary disease (COPD) patients 
with acute exacerbation were ex- 
cluded. None of these patients was 
in the weaning process. 
Interventions." We found a level of 
pressure support able to generate a 
condition of near-relaxation in each 
patient, as evidenced by work of  
breathing (WOB) values close to 
0 J/1. This level was called PS 100 
and baseline physiological measure- 
ments, namely, breathing pattern, 
P 0.1 and WOB were obtained. 
Pressure support was then reduced 
to 85%, 70% and 50% of the ini- 
tial value and the same set of mea- 
surements was obtained. 
Measurements and results: Flow (~') 
was measured by a flow sensor 
(Varflex) positioned between the 

Y-piece of  the breathing circuit and 
the endotracheal tube. Tidal volume 
was obtained by numerical integra- 
tion of the flow signal. Airway 
pressure (Paw) was sampled through 
a catheter attached to the flow sen- 
sor. Esophageal pressure (Pes) was 
measured with a nasogastric tube 
incorporating an esophageal bal- 
loon. The esophageal balloon and 
flow and pressure sensors were con- 
nected to a portable monitor 
(CP 100 Bicore) that provided real- 
time display of flow, volume, Paw 
and Pes tracings and loops of Pes/V, 
Paw/V and WV relationships. The 
breathing pattern was analyzed 
from the flow signal. Patient work 
of breathing (WOB) was calculated 
by integration of the area of the 
Pes/V loop. Respiratory drive (P0.1) 
was measured at the esophageal 
pressure change during the first 
100 ms of a breath, by the quasi- 
occlusion technique. When pressure 
support was reduced, we found that 
the respiration rate significantly in- 
creased from PSI00 to PS85, but 
varied negligibly with lower 
pressure support levels. Tidal vol- 
ume behaved in a similar way, de- 
creasing significantly from PS 100 
to PS 85, but hardly changing at 
PS70 and PS50. In contrast, WOB 
and P 0.1 increased progressively 
with decreasing pressure support 
levels. The changes in WOB were 
significant at each stage in the trial, 
whereas P 0.1 increased significantly 
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f rom PS 100 at other stages. Linear 
regression analysis revealed a highly 
positive, significant correlat ion be- 
tween WOB and P 0.1 at decreasing 
PSV levels (r = 0.87), whereas the 
correlation between WOB and ven- 
t i latory frequency was less signifi- 

cant (r = 0.53). No  other correlation 
was found.  
Conclusions: During pressure sup- 
port  ventilation, P 0.1 may be a 
more  sensitive parameter  than the 
assessment o f  breathing pat tern in 
setting the opt imal  level o f  pressure 
support  in individual patients. 

A l though  P0.1 was measured with 
an esophageal  bal loon in the pre- 
sent study, non-invasive techniques 
can also be used. 

Key words Pressure support  venti- 
lation �9 Work of  breathing �9 PO.I 

Introduction 

Inspiratory pressure support  ventilation (PSV) is a mode  
o f  ventilatory assistance widely used in intensive care 
units (ICU). During PSV, pat ient /vent i la tor  synchroniza-  
t ion is optimized since the respiration rate is determined 
by the patient and each spontaneous  breath is assisted by 
a more or less constant  positive pressure. It has been sug- 
gested that  PSV may be more effective than both  as- 
sist/control ventilation (ACV) and synchronized intermit- 
tent manda to ry  ventilation (SIMV) in decreasing the ven- 
t i latory workload and in preventing respiratory muscle fa- 
tigue in patients with acute respiratory failure (ARF) [1]. 
Adequate  PSV levels can improve pu lmona ry  gas ex- 
change to give a similar level to tha t  obtained with vol- 
ume-assisted modes o f  ventilation. PSV can be used in 
the early phase o f  A R F  and during weaning f rom me- 
chanical ventilation, providing more  comfor t  for the pa- 
tient and less need for sedation [2]. However, neither pre- 
set tidal volume nor  minute volume is ensured during 
PSV. Careful moni tor ing  is m a n d a t o r y  in some patients 
since rapid deterioration may  result f rom inadequate as- 
sistance [3]. Any  variat ion in total respiratory system and 
breathing system impedance alters pat ient /venti lator  in- 
teraction and can excessively increase the pat ient 's  
respiratory workload  [4]. On  the other hand, high PSV 
levels, able totally to unload the respiratory muscles, can 
induce an excessive increase in tidal volume (VT) with an 
enhanced risk o f  pu lmonary  hyperinflat ion [5]. Conceiv- 
ably, it is impor tant  to determine an individual level o f  
pressure suppor t  for each patient, which is sufficient to 
maintain moderate  diaphragmat ic  activity wi thout  induc- 
ing fatigue [6]. 

Analysis o f  breathing pat tern has been proposed as a 
useful means o f  assessing how well the patient is respond- 
ing to PSV and the occurrence o f  fatigue. Clinical studies 
have demonstra ted that  while tidal volume increases with 
rising pressure support  levels, the respiration rate (f) and 
the ventilatory load, i.e., the patient 's  contr ibut ion to the 
total work of  breathing (WOB), decrease [1, 6, 71. How- 
ever, other authors  have suggested that  analysis o f  breath- 
ing pat tern may not  be sufficient to detect the appearance 
o f  respiratory muscle fatigue during PSV [8, 9]. 

The aim o f  this study was to assess changes in ventila- 
t ion variables, namely, breathing pattern,  respiratory 

drive and inspiratory work of  breathing, during the grad- 
ual reduct ion o f  PSV in A R F  patients in order to investi- 
gate those liable to reflect the actual status o f  the patients 
more accurately in terms o f  inspiratory workload  and, 
thus, the global efficiency o f  the ventilation. 

Patients and methods 

Ten patients (five male and five female) with acute respiratory fail- 
ure (ARF) due to parenchymal pulmonary disease were studied. In 
all patients, the original cause of ARF was adult respiratory distress 
syndrome (ARDS), or airway infection shown by increased produc- 
tion of purulent sputum. The mean age was 58+16 (_+SD). The 
mean Apache II score was 23.2+6.7 (range 13-32), on patient ad- 
mission to the ICU. The Lung Injury Score (LIS) was 1.8_+0.6 
(range 1.0- 3.2) in the acute phase of lung failure. All patients were 
intubated with an endotracheal or a tracheostomy tube and were 
ventilated by means of ACV or PSV using a Servo-C ventilator, in 
the days prior to the study. Patients remained in the ICU between 
3 and 25 days during the study. The mean LIS was 0.9+0.3 (range 
0.5 - 1.7) since lung damage had improved and the patients were in 
a clinically stable condition (no fever or sepsis, stable blood pres- 
sure and heart rate). No patients were in the weaning process. The 
main clinical characteristics are summarized in Table l. Informed 
consent was obtained in all cases from the patient or next of kin, 
and the study approved by our institution's Ethics Committee. 

Measurements 

Flow ('v') was measured by a flow sensor (u positioned be- 
tween the Y-piece of the breathing circuit and the endotracheal tube 
and tidal volume obtained by numerical integration of the flow 
signal. Airway pressure (Paw) was measured through a catheter 
attached to the flow sensor and esophageal pressure (Pes) by a 
nasogastric tube incorporating an esophageal balloon. The correct 
position of the balloon was detected using the "occlusion test" [10]. 

�9 The esophageal balloon and flow sensor were connected to a por- 
table monitor (CP-100 cardiopulmonary monitor, BICORE moni- 
toring system), providing real-time display of flow, volume, Paw 
and Pes tracings and loops of Pes/V, Paw/V and X?/V relationships. 
The monitor was connected to a printer. The accuracy of the mea- 
surements provided by this monitoring system has been recently ex- 
amined and found to be satisfactory [11]. 

Minute ventilation (VE) and breathing pattern [tidal volume 
(VT), respiratory frequency (f), the duration of inspiration (Ti) and 
expiration (Te), and the duty cycle (Ti/TTot)] were analyzed from 
the flow signal. Patient WOB values were provided directly by the 
Bicore system, which calculates the area under the Pes versus lung 
volume curve during the negative deflection of the Pes tracing, i.e., 
the entire negative portion of Pes compared to the end-expiratory 
Pes value [12]. Chest-wall compliance was not measured nor taken 
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Table 1 Patient characteristics (CMV controlled mechanical ventilation, PS pressure support, PEEP positive end-expiratory pressure, 
ARDS adult respiratory distress syndrome) 

Sex Age Diagnosis CMV PaO 2 PaCO 2 FiO 2 PS + PEEP pH Bicarbonate 
year duration (days) mmHg (kPa) mmHg (kPa) % cmH20 retool/1 

M 66 Pneumonia 8 137 (18.2) 39.2 (5.2) 40 9+5  7.41 24 
F 76 Sepsis 42 101 (13.4) 30.9 (4.1) 34 20+6  7.47 23.1 
F 70 Bilateral pneumonia 32 96 (12.8) 31.6 (4.2) 40 20+4  7.43 21.3 
M 64 ARDS 15 66 (8.8) 47.4 (6.3) 50 19+3 7.44 33 
F 70 Sepsis 7 121 (16.1) 47.1 (6.3) 50 14+4 7.33 25.3 
M 68 Pneumonia 18 106 (14.1) 43 (5.7) 40 18+5 7.46 31.6 
F 17 ARDS 15 60 (8) 50 (6.6) 50 23+4  %36 28.5 
F 54 Pulmonary contusion 17 90 (12) 54 (7.2) 30 18 + 5 7.43 36.2 
M 61 Cardiegenic pulmonary edema 18 86 (11.4) 35.7 (4.7) 30 18+5 7.44 24.5 
M 61 Pulmonary contusion 16 100 (13.3) 36.6 (4.8) 30 23 +5 7,45 25.7 

into account since the patients were actively breathing throughout 
the study. Respiratory drive (P0.1) was measured during the first 
100 ms of inspiratory effort against the occluded valve on the Pes 
tracing, using the quasi-occlusion technique [ 13]. A clear deflection 
on Pes indicated the beginning of inspiratory effort. The presence 
of intrinsic positive end-expiratory pressure (iPEEP) was investigat- 
ed by the "zero-flow" method, whereby iPEEP is equal to the abso- 
lute change in Pes from the onset of inspiratory effort to the onset 
of inspiratory flow [14]. 

Procedure 

We found a level of pressure support able to generate a condition 
of  near-relaxation in each patient, evidenced by P0./ values 
< 1.5 cmH20 and WOB values close to 0 J/l. We called this level 
PS (100), and baseline physiological measurements, namely, breath- 
ing pattern, P0.1 and WOB were obtained as mean values of ten 
consecutive breaths, after a stable condition had been observed. 
Pressure support was then reduced to 85%, 70%, and 50% of 
PS(100). A moderate level of PEEP was set by the ventilator in all 
patients. In this study, the PEEP level was included in the total PSV 
level. PEEP and PSV were reduced by approximately the same per- 
centage, and PSV was always taken as inclusive of PEER Each level 
was maintained for at least 30 rain and the physiological measure- 
ments were then repeated. The rapid shallow breathing index 
(f/VT) was also calculated at each PSV level. 

The trigger sensitivity of the Servo-C inspiratory valve was set 
to its minimum level between 0 and 1 cmH20. All four pressure 
support levels were studied the same day, and no sedatives were ad- 
ministered. FiO 2 was constant for each patient during the study. 

Data, presented as mean_+SD, were analyzed by two-way 
analysis of variance (ANOVA) and the differences between groups 
were studied using Student's t-test with Bonferroni's correction for 
multiple comparisons. Linear regression analysis, using the least- 
square method, was used to calculate the correlation coefficient. 

Results 

No patients had iPEEP at the beginning of the study, 
shown by the expiratory flow value of 0 at the end 
of expiration and the negative deflection of the Pes 
tracing coinciding with the start of inspiratory flow. 
A mean PS(100) value of 22.8_+5 (_+SD) cmH20 

(PS 18.2 + PEEP 4.6) was obtained. There was no correla- 
tion between the PS (100) level and severity index (PaO2 
or A-aDO2). When pressure support and PEEP were re- 
duced, the respiratory rate significantly increased from 
PS(100) to PS(85) and varied negligibly between this 
level and PS (75) and PS (50). Tidal volume significantly 
decreased from PS (100) to PS (85), but hardly changed at 
PS (70) and PS (50) (Table 2) (Figs. 1, 2). The rapid shal- 
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Table 2 Breathing pat tern ( f  Ventilatory frequency, VE minute volume, V z tidal volume, Ti inspiratory time, Te expiratory time, f / V  T 
rapid shallow breathing index, A N O V A  two-way analysis of variance) 

f VE V T Ti Te f/V.r 
b r / m i n  1/min 1 (s) (s) 

PS 100 ( P S + P E E P )  17.4_+3.6 11.8_+2.5 0.68_+0.26 1.16_+0.07 2.28_+0.10 25.9+ 12.2 
(18.2 + 4.6 cmH20) 
PS 85 25.8_+2.5 13.5-+2.2 0,51-+0.08 0.88-+0.03 1.44-+0.06 41 _+13.9 
(15.5 + 3.9 cmHzO) 
PS 70 27.2+4.3  13.3 _+2.5 0.48 +0.08 0.86-+0.03 1.34_+0.05 45.4+ 14.6 
(12.7 + 3.2 cmH20) 
PS 50 27.6_+5.7 15 _ + 5 . 1  0 .54+0.19 0.86-+0.04 1.31_+0.06 47.7_+19.6 
(9.1 +2.3 cmH20) 
ANOVA p < 0.005 NS NS NS NS p < 0.05 
Student 's  t-test 
PS 100 v PS 85 p < 0 . 0 0 5  p < 0 . 0 0 5  NS p < 0 . 0 5  p < 0 . 0 5  NS 
PS 100 v PS 70 p < 0 . 0 0 5  p < 0 . 0 5  p < 0 . 0 5  NS NS p < 0 . 0 5  
PS 100 v PS 50 p < 0 . 0 1  NS NS NS NS p < 0 . 0 5  
PS 85 v PS 70 NS NS NS NS NS NS 
PS 85 v PS 50 NS NS NS NS NS NS 
PS 70 v PS 50 NS NS NS NS NS NS 

low breathing index (f/VT) paralleled the behavior of its 
determinants at each stage. WOB and P 0.1 increased pro- 
gressively at decreasing pressure levels. The increase in 
WOB was statistically significant at each stage in 
PS+PEEP reduction, except from PS(85) to PS(70), 
whereas P 0.1 increased significantly from PS (100) during 
the other stages, but not from PS (85) to PS (70), or from 25 - 
PS (70) to PS (50) (Table 3) (Figs. 3, 4). More interestingly, 
linear regression analysis revealed a highly positive, sig- 2 0  
nificant correlation between WOB and P0.1 at decreasing ~ 15  
PSV levels (r = 0.87, p<0.001), whereas the relationship 
between WOB a n d f w a s  still significant (r = 0.53) with a ~ 1.0- 
lower correlation coefficient (Figs. 5, 6). No other signifi- 
cant correlation was found. 05- 

D i s c u s s i o n  

The results of this study show that changes on P 0.1, mea- 
sured with the quasi-occlusion technique, can be a reliable 

parameter in setting the level of pressure assistance during 
inspiratory PSV. Indeed, changes in P0.1 paralleled 
changes in WOB at different levels of PSV, from full to 
partial support. 
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Fig. 3 Changes in inspiratory work of breathing [individual values 
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Table 3 Respiratory drive (P0.1) and work of breathing (WOB) 

P0.1 WOB 
cmH20 Joules/1 

PS 100 0.8_+0.5 0.04_+0.01 
PS 85 2 +1 .2  0.39_+0.19 
PS 70 3.2+_ 1.4 0.76_+0.42 
PS 50 4.2_+2.7 1.17_+0.54 

ANOVA Student 's  t-test p < 0.005 p < 0.001 
PS 100 v PS 85 p < 0 . 0 5  p < 0 . 0 0 5  
PS 100 v PS 70 p < 0 . 0 5  p < 0 . 0 1  
PS 100 v PS 50 p < 0 . 0 5  p < 0 . 0 0 5  
PS 85 v PS 70 NS NS 
PS 85 v PS 50 NS p < 0 . 0 5  
PS 70 v PS 50 NS p < 0 . 0 5  
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It has been widely shown that PSV reduces patient 
work of breathing [15-17]. WOB has been shown to have 
a good correlation with patient oxygen cost of breathing 
[6], although this could be underestimated in conditions 
of high inertia of the inspiratory valve or in the presence 
of iPEEP [18, 19]. Brochard et al. demonstrated a 
marked reduction in work of breathing in patients who 
failed to wean, when ventilated on PSV at increasing lev- 
els [6]. Kakmarek reported the same results in an experi- 
mental setting [20]. These data support the idea that PSV 
unloads the ventilatory muscles. In this study, we progres- 
sively decreased the level of PSV from full support 
(PS 100) to a level at which the patients mean WOB was 
1.17_+0.54 J/1. This value corresponded to PS50 in our 
patients and was considered in the range of respiratory 
muscle fatigue [2!]. Since the aim of mechanical ventila- 
tion, in patients with ARF is to rest the respiratory mus- 

cles and to prevent fatigue, we did not reduce the level of 
PSV further. In accordance with other authors, we con- 
sidered the optimal level of pressure support to be the 
minimum pressure necessary to maintain the patient in a 
condition of near-relaxation or mild activation of respira- 
tory muscles [6]. However, this level can be rapidly modi- 
fied by both instantaneous variations in patient chest and 
lung impedance, and the extra load induced by the en- 
dotracheal tube [22, 23]. We found that there was a very 
wide range of individual PS 100 values, depending on the 
differences in respiratory mechanics, the severity of illness 
and, presumably, the impedance of the endotracheal 
tubes. 

Changes in breathing pattern - a simple and non-in- 
vasive procedure - has been proposed as a means of esti- 
mating how well the patient is responding to PSV, and the 
occurrence of respiratory muscle fatigue. Some authors 
have shown that increasing PSV levels either modify the 
breathing pattern (the respiratory rate decreases whereas 
tidal volume increases) or reduce work of breathing and 
oxygen consumption, in comparison with spontaneous 
breathing with continuous positive airway pressure 
(CPAP) and assist/control mode ventilation (ACV) 
[24-26]. 

A continuously rising ventilatory frequency (to a rate 
exceeding 30 breaths per minute) has been suggested as a 
sign of ventilatory muscle decompensation [27]. Apply- 
ing this concept, some new ventilators can work in a ser- 
vo-controlled PSV mode, modifying support breath by 
breath in order to achieve the desired respiratory frequen- 
cy [28] or tidal and minute volume [29]. However, McIn- 
tyre et al. found that, at low levels of inspiratory pressure 
support the applied pressure only partially unloads the 
ventilatory muscles, and continued muscle energy expen- 
diture is still required, whereas the ventilatory pattern 
hardly changes [5]. Recently, other authors have found 
poor correlations between the traditional parameters and 
the actual work of breathing in patients on PSV [8, 9]. In 
our patients, the progressive increase in WOB with de- 
creasing PSV was not paralleled by corresponding chang- 
es in respiratory frequency. Indeed, WOB increased at 
each stage in PSV reduction, whereas f, VT, VE, Ti/TTot 
and f/VT changed significantly from PSI00 to PS85 
without further significant changes with lower PSV levels. 
We found PS 100 levels that were considerably lower than 
those observed by McIntyre [5]. This may reflect differ- 
ences in patient populations or may be explained by the 
fact that we chose a level of pressure support able to en- 
sure a condition of near-relaxation for each patient, as in- 
dicated in the methods, whereas McIntyre defined 
PSVma x as the level resulting in the slowest regular respi- 
ration rate. 

In contrast to the breathing pattern, P0.1 increased 
with increasing WOB and decreasing PSV. Although the 
increase in P 0.1 was not always significant at each stage, 
this was mostly the case, and the correlation between the 
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changes in P0.1 and in WOB was highly significant, 
whereas the correlation between WOB and f was less sig- 
nificant. P0.1 is a widely accepted measurement of  
neuromuscular drive and has been shown to be a reliable 
parameter  in predicting successful weaning in patients 
with ARF or decompensated chronic obstructive 
pulmonary disease [30-32].  In patients undergoing as- 
sisted mechanical ventilation, Marini et al. found a close 
correlation between P 0.1 and the respiratory work per- 
formed by the patient in spite of  ventilatory assistance 
[331. 

In our patients, the progressive decrease in pressure 
support  levels resulted in a constant increase in P0.1 until 
a mean value of 4.2+2.7 cmH20 (+SD)  at PS50 was ob- 
tained. Values over 4 cmt-I20 are generally considered a 
poor  prognostic indicator in the assessment feasibility of  
weaning off  mechanical ventilation [30, 34]. :. 

It has been suggested that weaning may be indicated 
at values of  WOB < 0.75 J/1 [21, 35]. From linear regres- 
sion analysis of  the plot of  individual WOB values against 
P0.1 in the ten patients in the study, it was possible to ob- 
tain the P0.1 value corresponding to this WOB "thresh- 
old" level by extrapolation to the y-axis. This value was 
3.2 cm HEO. 

In this study, P 0.1 was measured by an invasive tech- 
nique, namely, the esophageal balloon. The routine use of  
the esophageal balloon in mechanically ventilated pa- 
tients is discouraged since it is an invasive and complicat- 
ed procedure in the crowded atmosphere of  the ICU. 
However, P0.1 has a major  advantage over WOB mea- 
surement since P 0.1 can be measured non-invasively us- 
ing changes in mouth  pressure rather than esophageal 
pressure. It has been shown that in patients without 
iPEEP and dynamic pulmonary hyperinflation P0.1 is 

the same whether measured at the mouth  or in the esoph- 
agus [36]. A good correlation between P0.1 measured in 
the trachea and in the esophagus in intubated COPD pa- 
tients has also been reported [37]. Furthermore, it has 
been shown that there is a good correlation between P 0.1 
measured as indicated in our work and P0.1 measured 
using the conventional occlusion technique. We can there- 
fore suggest that non-invasive measurement of  P 0.1 at the 
mouth can be used to set the appropriate level of  pressure 
support  in individual patients, in the absence of signifi- 
cant obstructive airway disease. Currently, modern micro- 
processors, ventilators and monitors can provide such 
data for each breath, by the quasi-occlusion technique. 
However, it must be mentioned in this context that 
although P0.1 provides valuable information and is the 
only convenient non-invasive measure of respiratory 
drive, it has some limitations during mechanical ventila- 
tion. For example P 0.1 may be underestimated because of 
gas compression between airway opening and the site of 
occlusion if this is performed in the ventilator. In addi- 
tion P0.1 may be low with intact central drive if respira- 
tory muscles are weak or at a geometrical disadvantage. 
Owing to the poorly reproducibility of  P 0.1 at low values 
( - 1  cmH20),  the mean for several breaths (7 -10)  
should be calculated. Therefore, P0.1 should not be used 
"out of  the black box;' but keeping in mind the advanta- 
ges and limitations [38]. 

In conclusion, during pressure support  ventilation, we 
suggest that a pressure level sufficient to maintain P0.1 
below 3.5 cmH20 be set, as suggested by the correlation 
between P0.1 and WOB. Further work is clearly needed 
in this field before a specific cut-off value can be indicat- 
ed as a guideline. 
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