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Abstract
A total of 120 patients were enrolled in the present study over a period of 3 years from (2005 – 2008) . Pressure controlled
ventilation (PCV) and volume controlled ventilation (VCV), with an average tidal Volume (VT) of 8.2 ± 0.4 ml/kg was applied at
three levels of PEEP (5, 10, 15 cm H2O). Before each PCV & VCV period, lung volume history was standardized by manual
hyperinflation maneuvers. The compliance was measured from the beginning at time 0 (start), 10, 20 & 30 (end) min of each
PCV & VCV period. Three gas exchange and hemodynamic data were collected in the end. After statistical analysis results
showed progressive decay in compliance with both PCV & VCV modes at 5 & 10 cm H2O. At PEEP 5 cm H2Ocompliance
decrease was higher during PCV mode than VCV mode and at PEEP 15 cm H2O, compliance did not decay significantly. The
values of PaO2 were significant but statistically insignificant in PCV mode at 15 cm H2O than VCV mode. Hemodynamic data
did not differ between PCV & VCV mode.

INTRODUCTION
In recent years, the use of low (<10 ml/kg) tidal Volume
(VT) is getting more and more frequently recommended in
the management of acute lung injury patients [1234].
Experimental evidence, indeed indicate that high peak air
way pressure level [5] and / or lung overdistension [67] may
not lead only to overt barotrauma but also severe alveolar
and microvascular damage.
In the past, low tidal volume ventilation has been associated
with unstable lung mechanics and altered gas exchange [8].
Infact, a number of studies have reported progressive
compliance decay during anaesthesia with low tidal volume
ventilation [91011]. These finding have been mainly ascribed
to air way collapse. Low Vt has been shown to also cause a
compliance loss in respiratory failure patients [1213141516].
A loss of respiratory compliance could then be a major
drawback of those ventilatory strategies focused on
preventing barotrauma by use of low Vt. This compliance
decay will become obvious with an increase in airway
pressure during volume control ventilation. There are several
advantages of pressure controlled ventilation than volume

controlled ventilation, as limiting the peak inflating pressure
delivered by the ventilator will limit the trans alveolar
pressure produced, there by reducing the ventilator induced
lung injury.[6]. The decelerating flow used to produce
pressure controlled ventilation is thought to improve
distribution of gas flow [13]. When compared with volume
controlled ventilation, there is rapid improvement in lung
compliance and oxygenation [14]
We wondered whether an adequate PEEP level could
prevent the progressive loss of lung compliance during low
VT ventilation. Experimental evidence suggests that PEEP
may indeed optimize respiratory compliance during low VT
ventilation [15]. In respiratory failure, Suter et al [15] reported
evidence suggesting that the smaller the VT -the higher the
PEEP level needed to optimize lung mechanics. Mauliz
Cereda et al studied effect of three PEEP level (5, 10, 15 cm)
on compliance decay related to the relatively low VT (7 to 9
ml/kg) in 8 ALI cases. As number of cases was too small, we
designed the present study to be conducted in Govt. Medical
College, Jammu in Intensive Care Unit under Department of
Anaesthesiology and ICU over a time span of 3 years to
investigate the effects of three PEEP levels (5, 10, 15 cm
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H2O) on compliance decay in low VT (7 to 9 ml/kg)
ventilation in both pressure control & volume control
Ventilation.

MATERIAL AND METHODS
After approval from the hospital ethical committee and
informed consent, 120 patients with ALI were enrolled in
this study according to following criteria : Lung injury score
of 2.5 and more, No H/O chronic obstructive lung disease,
No active air leak, Pulmonary artery occlusion pressure less
than 18 mm Kg., Stable hemodynamic during previous 6hrs.
All patients were on supine position and undergoing VCV
by a ventilator (Puritan Bennett 840, 7200 Series, and Evita
Dura-2). All patients were under I/V sedation by continuous
infusion of midazolam or propofol or combination of both
drugs & paralyzed with I/V bolus of pancuronium bromide.
All patients were orally intubated with PCV cuffed tubes no.
7.5 to 8.5 ID
Respiratory rate, expiratory minute volume, VT, PEEP and
Fi02 had been selected by critical care specialist in ICU in
order to optimize blood gas values while minimizing
barotrauma risk. In particular, relatively low tidal volume
(8ml/kg) was adopted, following current practice in one unit.
Table 1 shows relevant clinical data at entry into study. All
patients had an arterial cannula and a central line in place for
hemodynamic monitoring and blood sampling. Mean airway
pressures, PEEP total, PEEP intrinsic were recorded from
the ventilator.
The patients were randomized in to 6 groups
Group I : PCV 5 cm H2O
Group II: PCV 10cm H2O
Group III: PCV 15 cm H2O
Group IV: VCV 5 cm H2O
Group V: VCV10 cm H2O
Group VI: VCV15 cm H2O
Prior to the study, all patients were undergoing low Vt VCV,
the standard controlled ventilation mode in our centre.
Before the beginning of study inspiratory time was set at
33% of total respiratory pause (plateau) thus leaving Vt and
RR at the level previously set by clinical criteria. All
ventilatory parameters, unless specified were kept constant
through out the study. The Pt. underwent PCV and VCV at
5, 10 & 15 Cm H2O PEEP. All combinations of two
ventilatory modes and of the three PEEP levels were applied
in random order in all the patients, for period lasting 30 min.
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each. In order to standardize lung volume history, airway
secretions were aspirated and ten manual inflations of
approximately 1 litre were performed before each PCV,
VCV period. A silicon resuscitator equipped with a
mechanical PEEP valve, set a minimal 10 cm H2O was used.
Manual inflations have been proven effective to maximize
system compliance and oxygenation during general
anaesthesia [1017]. The tidal volume clinically in use before
study was the target of both PCV & VCV. Each PCV &
VCV period started (start) immediately after having adjusted
the ventilator to deliver the target Vt, was kept constant
during each PCV period, but not between PEEP level.
We performed 3 end-inspiratory and 3 end-expiratory
occlusions, at start, after 10 min, 20 min and at end. Each
occlusion lasted 3 sec and obtained by priming appropriate
button on ventilator, airway pressure and flow signals were
recorded. At end arterial samples were collected for ABG.
Hemodynamic data was recorded. All data in the table are
expressed as mean ± SD.All stastitics comparison was
performed using student “t test

STATISTICS
Data was analyzed with the help of a computer software
SPSS12.0 for windows. All data was expressed as MEAN +
SD to asses the effect of time. Start data were compared with
end data for each PEEP and ventilatory mode (VCV &
PCV). To assess the effect of ventilatory mode, PCV and
VCV data were compared for each PEEP level. Student t test
was used to evaluate statistically significant difference bet
variance a p value of less than .05 was considered
statistically significant. All analysis was done in accordance
to intention to treat principle and all p-values reported are to
tailed.

RESULTS
120 patients were enrolled in this study aged b/w 20-40 yrs
of any sex, 120 pts were divided randomly in 6 groups with
20 pts in each group. After recruitment maneuver,
compliance were recorded at start, 10 min, 20 min & 30 min
with both ventilator modes at PEEP 5, 10 & 15 H2O thrice
and mean of 3 values were taken. Intergroup comparison in
pressure control ventilation with PEEP 5, 10 & 15 H2O
showed statistically significant compliance decay in 5 and 10
cm H2O PEEP from start to end but decay of compliance
was statistically insignificant in 15 cm of H2O PEEP.
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Figure 1

Figure 4

Table 1: Demographic data expressed as mean ± SD

Table 3: Intergroup comparison b/w PCV and VCV at PEEP
10 cm of H2O

Figure 2

Table 1B (Data represented as average mean)
Figure 5

Table 4: Intergroup comparison b/w PCV and VCV at PEEP
15 cm of H2O

T = trauma, S= sepsis, FESS=fat embolism shock syndrome,
BN=bacterial pneumonia
FiO2=fraction of oxygen in inspiratory Ve=minute volume
Vt=tidal volume,
RR=respiratory rate
Figure 3

Table 2: Intergroup comparison b/w PCV and VCV at PEEP
5 cm of H2O
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Figure 6

Table 5: compliance in Pressure control ventilation
represented as mean ± SD with in the same group(start +
end)
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Figure 7

Table 5: compliance in Volume control ventilation
represented as mean ± SD with in the same group (start +
end)

In VCV group compliance decay was statistically significant
in PEEP in 5 and 10 cm H2O insignificant in 15 cm of H2O
PEEP. Decay of compliance observed was progressive in
time but a plateau stage reached at 30 min.
Intergroup comparison in PCV & VCV with PEEP 5, 10 &
15 cm of H2O showed compliance decay in group with 5 cm
H2O. PEEP was highly significant during PCV than during
VCV, even if end compliance values were comparable.
At 10 cm of H2O PEEP no difference in compliance was
found at both start and end. As expected the compliance
decay was associated with increase in Pel, i & PIP during
VCV and with decrease in VT during PCV. Raising PEEP
also increases PIP, Pel, i & MAP. No statistically significant
difference observed in intrinsic PEEP.
At PEEP 15 cm H20, PaC02 was lower with PCV as
compared with VCV, despite a comparable VT but not
statistically significant. No differences could be shown in
hemodynamics, oxygenation between modes.

DISCUSSION
The results of this study showed that at PEEP 5 and 10 cm
H20, compliance decayed progressively from start to end
during both VCV and PCV modes however a PEEP 15 cm
H2O this decay in compliance was prevented in both PCV
&VCV modes. Further a PEEP 15 cm H20, PaC02 was
lower in PCV than in VCV. The observed decay of
compliance confirms the classic studies reporting a
progressive compliance decrease during anesthesia [9]. Low
VT ventilation fosters compliance decay while
hyperinflation maneuvers may restore compliance [10].
Recently, studies have reported progressive compliance
decay and lung volume loss during high-frequency
oscillation and low Vt ventilation in rabbits [14]. The use of
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relatively low VT was probably the cause of the compliance
decay in our study also. Indeed, in ALI patients, compliance
has been reported to be lower with low VT than with high
VT [12]. The compliance decay during constant low VT
anesthesia has been mainly related to alveolar collapse [810].
Since in ALI patients the lung is typically prone to
atelectasis, it is likely that the compliance decay observed
was also due to airspace collapse [18]. Surfactant alteration at
low lung volumes may indeed favor alveolar collapse [19].
Moreover, airway closure occurs at higher transpulmonary
pressure in edematous lungs than in normal lungs [20]. Thus,
progressive compliance loss in ALI patients may occur
despite low (5 cm H2O) or moderate (10 cm H20) levels of
PEEP. Moreover, cyclic collapse and reopening of unstable
alveoli is likely when PEEP is inadequate to avoid endexpiratory alveolar closure [21]. Such instability causes
alveolar collapse and compliance decay.
A high PEEP may stabilize alveolar recruitment and provide
constant compliance and prevent compliance decay. At
PEEP level of 15 cm of H2O, airway pressures were
adequate to preserve the lung volume recruited during
manual inflations this was probably high enough to keep
most of recruitable alveoli open [22]. Moreover, at PEEP 15
cm H20, Pel,I reached a level approximately 35 cm H20
reportedly sufficient to warrant an almost complete alveolar
recruitment [23].
We observed higher compliance decay with PCV compared
with VCV at 5 cm H20 PEEP. However, the compliance
values at end were not significantly different from the ones
observed during VCV. Furthermore, we found insignificant
difference in PaC02 and Pa02 between PCV and VCV which
indicates decreased alveolar recruitment with VCV than
PCV mode. The compliance improvement by PEEP 5 cm
H20 during PCV was likely due to the decelerated flow
waveform typical of PCV, [2124]. Since VT values were
comparable, this finding accounts for a dead-space
reduction. Mechanical ventilation with inspiratory flow
deceleration reduces dead-space fraction compared with
constant flow inflation [2425] thanks to an improved
distribution of inspired gas [26]. In addition, rapid alveolar
inflation produces longer residence time of inspired gas.
This enhances intrapulmonary gas mixing [27] and improves
C02 exchange [28].
At PEEP lower than 15 cm H20, however, the VT decay
offsets the advantage of a lower dead-space fraction,
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resulting in comparable alveolar ventilations.

CONCLUSIONS
In ALI patients ventilated with relatively low VT, we
observed compliance decay in time that was prevented by a
15 cm H20 PEEP level. Progressive compliance loss during
mechanical ventilation is the result of ventilatory strategies
that allow the development of atelectasis. Experimental
evidence suggests, however, that alveolar instability worsens
lung injury. Therefore, ventilatory patterns focused on lung
volume recruitment are recommended as a safer choice. In
our patients, a relatively high PEEP level (15 cm H20) was
required to prevent the compliance decay. The problem is
left open of whether the advantages achieved by optimizing
PEEP in such way could balance the potential risks of higher
airway pressures. We have no direct indications about the
clinical relevance of the relatively minor changes observed
in the present study.
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