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Abstract

Background Morbid obesity results in marked respiratory
pathophysiologic changes that may lead to impaired intra-
operative gas exchange. The decelerating inspiratory flow
and constant inspiratory airway pressure resulting from
pressure-controlled ventilation (PCV) may be more adapted
to these changes and improve gas exchanges compared
with volume-controlled ventilation (VCV).

Methods Forty morbidly obese patients scheduled for gastric
bypass were included in this study. Total intravenous anesthesia
was given using the target-controlled infusion technique.
During the first intraoperative hour, VCV was used and the
tidal volume was adjusted to keep end-tidal PCO, around
35 mmHg. After 1 h, patients were randomly allocated to
30-min VCV followed by 30-min PCV or the opposite sequence
using a Siemens® Servo 300. FiO, was 0.6. During PCV,
airway pressure was adjusted to provide the same tidal volume
as during VCV. Arterial blood was sampled for gas analysis
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every 15 min. Ventilatory parameters were also recorded.
Results Peak inspiratory airway pressures were signifi-
cantly lower during PCV than during VCV (P<0.0001).
The other ventilatory parameters were similar during the
two periods of ventilation. PaO, and PaCO, were not
significantly different during PCV and VCV.

Conclusion PCV does not improve gas exchange in morbidly
obese patients undergoing gastric bypass compared to VCV.

Keywords Gas exchange - Mechanical ventilation -
Volume-controlled ventilation -

Pressure-controlled ventilation - Obesity - Surgery -
Gastric bypass - Laparoscopy - Laparotomy

Introduction

Atelectasis develops immediately after the induction of
general anesthesia and increases intraoperative shunt
leading to impairment of gas exchange and potentially to
hypoxemia [1, 2]. Morbid obesity results in several
pathophysiologic changes of the respiratory system me-
chanics that promote the development of intraoperative
atelectasis and exaggerate the impairment of gas exchange
[3, 4]. As a consequence, arterial oxygenation is inversely
related to body mass index (BMI) [4].

Several ventilatory strategies have been proposed to
prevent atelectasis and improve arterial oxygenation in
morbidly obese patients, but remain controversial. The use
of large tidal volumes produced conflicting results [3, 5, 6].
Pelosi et al. reported that application of a 10-cm H,O
positive end-expiratory pressure (PEEP) increases PaO, in
morbidly obese patients [7]. This beneficial effect was not
found by other authors [8]. Preoperative continuous

@ Springer



72

OBES SURG (2008) 18:71-76

positive airway pressure followed by 5-min mechanical
ventilation with PEEP before intubation prevents atelectasis
formation and subsequently improves arterial oxygenation
[9, 10]. However many practitioners advocate the use of a
rapid sequence induction without ventilation in morbidly
obese patients [11]. Preoxygenation with 60% oxygen
concentration was shown to reduce the size of atelectasis
in nonobese patients compared to 100% oxygen concentra-
tion [12]. This measure is however debatable in morbidly
obese patients, as their markedly reduced functional
residual capacity shortens the duration of nonhypoxic
apnea. Finally, alveolar recruitment maneuver combined
with PEEP also improves arterial oxygenation. However,
this strategy results in hemodynamic alterations requiring
vasopressor administration during laparoscopic bariatric
surgery [13].

Volume-controlled ventilation (VCV) with constant flow
rate is the most commonly used ventilatory mode during
anesthesia. Pressure-controlled ventilation (PCV) is one of the
strategies proposed to improve gas exchange in hypoxic
intensive care unit patients, especially those with adult
respiratory distress syndrome [14]. Indeed, during PCV,
pressure gradient between the proximal airway and the alveoli
is maximal at the beginning of the inspiration and the bulk of
the tidal volume is delivered early during the inspiratory phase,
which potentially facilitates recruitment of unstable alveoli
[15]. Moreover, compared to VCV with the same tidal volume
and inspiratory time, PCV tends to produce higher mean airway
pressures [16] and thereby can improve arterial oxygenation
[17]. Finally, keeping the inspiratory pressure constant reduces
ventilatory inhomogeneities by allowing redistribution of the
tidal volume from alveoli with low time constant to alveoli with
longer time constant [15]. Morbidly obese patients who have
decreased lung volumes, decreased pulmonary compliance,
and increased airway resistance are especially prone to intra-
operative hypoxemia. During mechanical ventilation, they
develop both increased pulmonary ventilation—perfusion mis-
matches and pulmonary atelectasis [3, 4, 18], which make
them good candidates to benefit from the characteristics of
PCV. We therefore tested the hypothesis that PCV improves
intraoperative gas exchange in morbidly obese patients
compared with VCV.

Materials and Methods

After approval of the Institution Ethics Committee of CHU
de Liege (Liege, Belgium) and written informed consent, we
enrolled 40 ASA II-III patients scheduled for Roux-en-Y
gastric bypass surgery. The laparoscopic approach was used
in 16 patients whereas open surgery was performed in the 24
remaining patients.
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Anesthesia

After an overnight fasting, all patients were orally premedicated
with 10 mg domperidone, 150 mg ranitidine, 50 mg
hydroxyzine, and 0.5 mg alprazolam 2 h before surgery.
Anesthesia was standardized in all patients. After a 5-min
preoxygenation and denitrogenation period with 100% oxy-
gen, a rapid sequence induction of anesthesia was used.
Propofol and remifentanil were administered using a target-
controlled infusion technique (propofol: Schnider’s model and
remifentanil: Minto’s model). Succinylcholine 1 mg kg™ was
used to facilitate tracheal intubation with an orotracheal tube of
8 mm diameter. Propofol effect-site concentration first set at
6 ng/ml was then adjusted to keep the bispectral index of the
electroencephalogram (BIS™, Aspect Medical Systems,
A-2000 monitor, averaging time=30 s, Newton, MA, USA)
around 40. Remifentanil effect-site concentration first set at
4.5 ng/ml was then titrated to keep the mean arterial pressure
within 15% of preinduction values or between 90 and
105 mmHg if the preinduction mean arterial pressure was
superior to 110 mmHg. If necessary, nicardipine was titrated to
treat hypertension, but no cardiovascular medication known to
affect the BIS of the electroencephalogram and/or metabolism
(3-blocking agents, clonidine, ...) were administered intra-
operatively. A radial artery was catheterized after the induction
of anesthesia to monitor arterial pressure and to draw blood
samples for blood gas analysis. Intraoperative muscle relaxa-
tion was achieved with cis-atracurium 0.15 mg/kg followed
by a continuous infusion of 2 pug kg ' min~'; full muscle
relaxation (no response to train of four stimulation) was
maintained during surgery (NMT, Datex-Ohmeda S/5 monitor
[Datex-Ohmeda, Helsinki, Finland]). Esophageal temperature
was continuously monitored. Core temperature was kept above
36.0°C using a forced air warming blanket (Bair Hugger®)
15 min before anesthesia and during the surgery. Ringer’s
lactate solution (750 ml/h) was infused throughout surgery.

Ventilation
After orotracheal intubation lungs were ventilated using a

Siemens® Servo 300 ventilator (Siemens, Solna, Sweden).
During the first intraoperative hour, VCV was used. The

Table 1 Patient data

Patient characteristics

Age (years) 41.2+11.2
BMI (kg/m?) 41.7+5.8
Sex (M/F) 12/28
Laparotomy/laparoscopy 24/16

Data are presented as means=SDs or numbers.
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Table 2 Hemodynamic and anesthesia parameters

VCV PCV P value
Mean arterial pressure (mmHg) 96+16 95+14 0.5
Heart rate (min ') 77+10 77+10 0.8
Core temperature (°C) 36.3+0.5 36.3+0.4 0.9
BIS 37+6 37+7 0.99
[Propofol] (pg/ml) 2.5+0.9 2.5+0.9 0.7
[Remifentanil] (ng/ml) 6.0+1.6 6.2+1.7 0.4

Data are presented as the means+SDs. Data were averaged during each period of ventilation.
VCV: volume-controlled ventilation, PCV: pressure-controlled ventilation, BIS: bispectral index of the encephalogram, /propofol]: effect-site
concentration of propofol, /remifentanil]: effect-site concentration of remifentanil.

respiratory rate was set to 12/min and the tidal volume was
adjusted to maintain end-tidal carbon dioxide tension
(PETCO,) around 35 mmHg. The FiO, was set to 0.6
(air/oxygen mixture), as it was associated with a mean PaO,
of 150 mmHg in a preliminary study. The inspiratory time
over the expiratory time ratio (//E ratio) was 1:2. An
inspiratory pause equal to 25% of the inspiratory time was
used during VCV. One hour after the beginning of surgery,
intraoperative conditions were considered stable, i.e.,
patient position (10° head-up position), intraabdominal
CO, pressure, or retractors traction were not changed
anymore. Patients were then randomly assigned to VCV
for 30 min followed by PCV for another 30-min period
(VCPC group) or to the opposite sequence of these modes
of ventilation (PCVC group). Randomization was per-
formed using the online randomizer (Graphpad software,
San Diego, CA, USA). During VCV, ventilatory parameters
were kept unchanged. During PCV, the insufflation time
equaled the inspiratory time of VCV. The inspiratory
pressure was then adjusted to provide the same tidal
volume as in VCV. A PEEP of 5 cm H,0 was applied
only in case of hypoxemia (SpO,<90%) and maintained
thereafter. During both ventilation periods, the depth of
anesthesia assessed by the BIS of the electroencephalo-
gram, the effect-site concentrations of propofol and remi-
fentanil, and muscle relaxation were not changed.

Table 3 Ventilatory parameters

Parameters

Systolic, diastolic, and mean arterial blood pressures; heart
rate; PETCO,; SpO,; BIS value; and core temperature were
continuously monitored on a Datex-Ohmeda S/5 monitor
(Datex-Ohmeda, Helsinki, Finland). The peak, plateau, and
mean inspiratory airway pressures were measured at each
ventilatory cycle by the Siemens® Servo 300 ventilator.
All these parameters were recorded every 15-min during
the study period. At the same times, arterial blood
samples were drawn to measure PaCO, and PaO,. Intrinsic
PEEP was measured by maintaining an expiratory pause
for 10 s.

Statistical Analysis

Our estimate sample size was based on PaO, measured in a
pilot study using similar protocol (mean PaO,=158 mmHg
with a SD of 46 mmHg). For five intensivists of our
institution, a 30-mmHg difference in PaO, would be
clinically significant. Thirty-eight patients would thus
provide an 80% power for detecting a 30-mmHg difference
between the PaO, of each ventilation period at an alpha
level of 0.05.

Data are presented as the means+SDs unless otherwise
stated and were compared using paired Student’s ¢ test or

VCV PCV P value
Tidal volume (ml) 643100 650104 0.6
Tidal volume (ml/kg IBW) 9.9+1.8 10.0+1.9 0.83
Respiratory rate (min ') 12.240.5 12.2+0.5 0.8
Peak airway pressure (cm H,0) 26.8+£5.2 21.5+4.8 <0.001
Plateau airway pressure (cm H,0) 20.9+4.6 21.544.8 0.27
Mean airway pressure (cm H,O) 7.3£23 7.0£2.2 0.3
PaCO,~PETCO, (mmHg) 4.4+0.4 4.3+0.3 0.8

Data are presented as the means=SDs. Data were averaged during each period of ventilation.
VCV: volume-controlled ventilation, PCV: pressure-controlled ventilation, /BW: ideal body weight, PETCO;: end-tidal PCO,.

@ Springer



74

OBES SURG (2008) 18:71-76

ANOVA for repeated measures when appropriate (Graph-
pad Software Prism 4.0c). Relationships between initial
PaO, or BMI and difference in PaO, between PCV and
VCV were analyzed using linear regression. P<0.05 was
considered statistically significant.

Results

Patient data are presented in Table 1. Hemodynamic and
anesthesia parameters were similar during VCV and PCV
(Table 2). Peak inspiratory airway pressures were signifi-
cantly (P<0.001) lower during PCV than during VCV, but
the other ventilatory parameters were similar during both
ventilatory periods (Table 3). An intrinsic PEEP (3.0+1.2 cm
H,0) was detected in six patients but remained similar
during VCV and PCV. A 5-cm H,0O extrinsic PEEP was
applied in two patients with hypoxemia during the stabiliza-
tion period before the measurements and resulted in the
improvement of SpO,.

Mean PaO, and mean PaCO, were not significantly
affected by the ventilatory mode (Fig. 1). However,
individual responses to PCV were highly variable (Fig. 2).
In ten patients, PaO, increased by more than 30 mmHg at the
end of the 30-min PCV compared to the end of the 30-min
VCV, whereas in eight patients, PaO, decreased by more
than 30 mmHg at the end of the 30-min PCV. In the other
22 patients, changes in PaO, remained within 30 mmHg.

a
Pa0, 250
(mmHg) 200
150
100
50 0 Pa0, VCV
T [ Pao, PCV
0 15 30
Time (min)
b
PaC02 50
(mmHg) 45
40
35
T [0 PaCO, PCV
0o _ 15 30
Time (min)

Fig. 1 Changes in PaO, (a) and PaCO, (b) during the 30-min periods
of VCV (open circles) or PCV (open squares). Differences between
the two ventilatory periods were not statistically significant. Data are
presented as the means+SD
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Fig. 2 Difference between the PaO, measured at the end of the 30-
min period of PCV and the PaO, measured at the end of the 30-min
period of VCV (APaO; pcvio-vevzo) in each patient

No correlation was found between PaO, measured at the
beginning of the study period and the difference between
PaO, measured at the end of the 30-min PCV and at the end
of the 30-min VCV (APaOz PCV30-VCV30>, P:OS7,
Fig. 3a). The APaO, pcv3o-vevso tends to be positively
correlated with BMI although not significantly (P=0.15;
Fig. 3b).

Gender did not affect the APaO; pcvig_vevse: 10+
42 mmHg vs 3.5+42 mmHg for males and females,
respectively (P=0.631). The changes in PaO, during
30-min PCV were not significantly different in both groups:
APaOz PCV3O*PCV0:4-7:|:7 vs 25+10 mmHg AP3.02 in the
PC-VC and VC-PV groups, respectively (P=0.1).
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Fig. 3 Relationship between the difference between the PaO,
measured at the end of the 30-min period of PCV and the PaO,
measured at the end of the 30-min period of VCV (APaO; pcy3o-
vevso) and a the initial PaO, (P=0.87, r2=0.0009), and b the BMI
(P=0.15, *=0.06)
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Fig. 4 Effects of the surgical approach, laparotomy (Tomy; open
symbols) or laparoscopy (Scopy; black symbols), on the changes in
PaO, (a) and PaCO, (b) during the 30-min periods of VCV (squares)
or PCV (circles). Data are presented as the means+SDs; n=24 for
laparotomy and n=16 for laparoscopy. Only the SDs of the PCV
groups are shown for clarity; the SDs of both groups are similar. No
significant differences between PCV and VCV. Significant differences
between laparotomy and laparoscopy for PaO, (P<0.001) and for
PaCO, (P<0.0001)

30

PaO, and PaCO, were not significantly different
between the two ventilation periods whatever the surgical
approach, laparotomy or laparoscopy (Fig. 4). However,
PaO, (P<0.001) and PaCO, (P<0.0001) were significantly
greater during laparoscopy than during laparotomy.

Discussion

This study demonstrates that PCV does not improve gas
exchange compared to VCV in morbidly obese patients
undergoing abdominal surgery. Mean and plateau airway
pressures are similar during both ventilation periods.

In this study, all the ventilatory parameters were kept
identical during PCV and VCV except the insufflation flow
pattern. The change in insufflation flow pattern alone did not
significantly affect gas exchange in our morbidly obese
patients. Other ventilatory parameters should be adjusted to
take advantage of the decelerating inspiratory flow during
PCV. Benefits of PCV would partly result from increased
mean airway pressure compared to VCV [15, 16]. In our
study, however, mean airway pressures were similar during
both ventilation periods. Although we prolonged the insuf-

flation time during PCV to equal the inspiratory time set
during VCYV, the insufflation time was maybe still too short to
allow equilibration of pressures in the lungs and to increase
mean airway pressure [17, 19]. Accordingly, Lessard et al.
compared VCV and PCV with //E ratios of 1:2, 2:1, and 3:1
in ARDS patients. VCV and PVC 1:2 resulted in compa-
rable mean airway pressures. On the contrary, when the I/E
ratio was increased to 2:1, mean airway pressure became
higher during PCV than during VCV [20]. Increasing the
inspiratory time could also prolong the residency time of
oxygen in the alveoli and consequently improve oxygenation.
The impact of the inspiratory time is probably more crucial in
case of lungs with heterogeneous time constants, a likely
situation in anesthetized morbidly obese patients [21]. In such
conditions, short insufflation times hamper ventilation of
alveoli with long time constants [22]. Finally, PCV with an
I/E ratio of 1:2 did not result in intrinsic PEEP compared to
VCV. Intrinsic PEEP was however proposed to participate in
gas exchange improvement during PCV [23]. Together, all
these data suggest that the insufflation flow pattern of PCV is
not effective alone to increase arterial oxygen tension in
morbidly obese patients undergoing abdominal surgery but
might need to be associated with prolonged //E ratio to
improve gas exchange. Accordingly, studies reporting better
arterial oxygen tension during PCV used prolonged inspira-
tory times [15]. In this regard, monitoring the flow curve is
helpful in adjusting the insufflation time during PCV to
allow the end-inspiratory flow to reach down zero [24].

In our study, we did not apply any extrinsic PEEP,
except in the case of hypoxemia to avoid the introduction of
an additional confounding parameter. PEEP is however
helpful in maintaining the alveoli opened, decreases total
respiratory system resistance in obese patients [7], and
might thereby facilitate pressures equilibration in the lungs
during PCV and improve gas exchange. Whether the
potential benefit of PEEP would be greater during PCV
than during VCV has not been investigated.

Gas exchanges were measured 1 h after the beginning of
surgery and more than 90 min after the induction of
anesthesia to allow stabilization of all factors potentially
affecting ventilatory mechanics and metabolism. Atelectasis
develops within a few minutes after the induction of
anesthesia particularly when patients are preoxygenated
with 100% oxygen like in our study [12]. Eradication of
these atelectases requires sustained period of ventilation
with high airway pressures [25]. Therefore, PCV without
high levels of PEEP would have not been effective in
reversing these atelectases even if initiated immediately
after the induction of anesthesia.

Although there were no significant differences between
the means of PaO, during the two ventilation periods, it
should be noted that the PaO, of half the patients was
nevertheless improved by PCV, sometimes markedly.
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Because of the variability in the response to PCV, we
consider it is worth to test this ventilatory mode in case of
hypoxemia developing in morbidly obese patients. We
examined whether the initial PaO, or the BMI might predict
patient responsiveness to PCV. No significant correlations
between each of these two parameters on one hand and the
change in PaO, induced by PCV on the other hand were
however observed [24]. Finally, the surgical approach,
laparoscopy vs laparotomy, did not affect the effect of PCV
on Pa0,. Pa0, and PaCO, were greater during laparoscopy
than laparotomy. Reduced venous admixture during lapa-
roscopy [26] and CO, absorption during CO,-pneumo-
peritoneum [27] explain these observations.

PCV allows suppressing the peak inspiratory pressure
compared to VCV. This results from the different insuffla-
tion flow patterns used in each of these modes of
ventilation. The airway pressure during PCV and the
plateau airway pressure during VCV were however similar.
Nevertheless, the suppression of the peak airway pressure
during PCV might limit heterogeneous ventilation of lungs
with heterogeneous time constants, i.e., reduced over-
distension and overpressure in short time constant bron-
choalevolar units [24]. This condition may exist in some
morbidly obese patients.

In conclusion, we demonstrated that if all ventilatory
parameters during PCV and VCV are kept similar, the
different inspiratory flow used in each of these two modes
of ventilation does not significantly affect gas exchange in
morbidly obese patients undergoing abdominal surgery.
However, the variability in the response to PCV does not
preclude from testing this mode of ventilation in case of
intraoperative hypoxemia developing in these patients.
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