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Abstract

Background: Adjustment of ventilatory settings
and ventilatory mode in laparoscopic gynecologic
surgery forimproved mechanical ventilation performance
during anesthesia is important. Objectives: To
quantify and compare the effects of volume controlled
ventilation (VCV) with pressure regulated volume
control (PRVC) on respiratory mechanics in patient
undergoing laparoscopic gynecological surgery.
Methods: This study is a randomized controlled
trial in 32 patients who were scheduled for elective
gynecological laparoscopic surgery with general
anesthesia. All patients were randomly allocated to
2 groups using volume controlled (group VCV, n=16)
or pressure regulated volume controlled ventilator
mode (group PRVC, n=16) under general anesthesia.
Various respiratory parameters were measured at 10 min
after induction and 30, 60, and 120 after Trendelen-
burg positioning. A Shapiro—Wilk test was used to

determine distribution normality. A student t test was

used to compare continuous data between study
groups and a repeated measures ANOVA was used
to compare all interval data. Results: There were no
significant differences in demographic data between
groups. Between the groups there were significant
differences in heart rate and at 10 min after induction,
and heart rate and peak airway pressure 30, 60, and
120 min after Trendelenburg positioning (P < 0.05).
However, there were no significant differences in
blood pressure, minute ventilation, and dynamic
compliance between the groups. Conclusion:
PRVC is a safe alternative choice for laparoscopic
gynecologic surgery because of lower peak airway
pressure that might lower the risk of lung injury

compared with VCV.

Keywords: peak airway pressure, volume controlled
ventilation, pressure regulated volume controlled

ventilation, gynecological laparoscopic surgery

Corresponding author: Sasima Dusitkasem

E-mail: sasima.dus@mahidol.ac.th

Volume 42 Number 4 October — December 2016

_17-(239-248) E 9.indd 239

Thai J Anesthesiol. 2016;42(4):239-46.

Thai Journal of Anesthesiology 239

6/28/60 BE 1:25 PM



= = a A E4 v
msfSeunevlszansm1nsly volume controlled N pressure-

regulated Volume controlled ventilation °!uwﬂaaw"lmuma* 5291

ﬂ’J"mﬁﬁﬂ!!‘]J‘]J‘V]’Jﬂ’J!‘WGN1ﬂﬂﬁ®ﬂﬂﬁl®\‘i‘ﬂ"Ix‘ﬂ!i!?l‘lf

a a % qd % a Qd d %
AANN qamnyu*, YANA ﬂuﬂﬁxﬁ‘nfﬁ*, NHATUUN ﬂQ’JGﬂﬂN'*

a a o a J a a [ a
*ﬂ'lﬂ')“lf'l')ﬁﬂluﬁ;ﬂﬂﬂ'l AUSUNNYAITANT I‘i\iW‘(’J'l'iJ'lﬁi'llﬂ‘ﬁ’lJa UNINYIQgNYan NTUNN 10400 ﬂiglﬂﬁhl‘i/lfl

w T

YN
I~/ " v W 1 Y =

A iluan: MsHAAAAT0INABINIIUTIIY
9 o & Y Yo Y 9 =2 v o
Athedniudedldsumssziuanuianuuuinigy
wazimadasundatvesszuuniTemenInn

[ Y] Y 9 @ A
mMsu1dauuudaniines msdsvuaziaon
Fromelaludieszninamsiidadad udei
d1Ay 1NDFI18AANIZUNINFOUINNITHIAN
% J 4 a A
Iagiszasn: monlSeuiisuszansnmludn

a ' Y
52UUMAAUNEle 521919m 5 1% volume controlled
11 pressure-regulated volume controlled ventilation
Tudiaenlasumssgiuanuidnuuninidiniie
Y 1 9 = ad = =
HIAATOINADININUTY IBAITAAYI: MIANTN
1111 randomized controlled trial f ﬂHWéﬂ’JﬂLWﬁ i illjﬂ
A :.:1 1 A o o 9 =2
N8R 20-60 1 MNTUMITEIUANNI AN
MAuNoMAAd0IndoInaus Yy o Vesrda
T5anenu1asNsua 11U 32 518 Taeazl¥is
(] 1 I 1 [ 1 § [
quidengiheeeniu 2 nqu Tdun nqualdsums
28118190 volume controlled ventilation (VCV)
$1uau 16 519 vagnguildsumssaonels uouy
pressure regulated volume controlled ventilation
o Y 1 a 4 a

(PRVC) $147U 16 518 TIN5 10ia0s Maau
meladan fnan 10 W17 naensulimssedy

YR d' = [
ANITN LasNIal 30, 60 LAL 120 UIN HAIIN

v o T~ ¢
IAMATHEA (Trendelenburg positioning) IATIEH

240 Sanyryans

_17-(239-248) E 9.indd 240

o aa
Yoyalaoldhlsunsuduseg Aroada student t test
ez ANOVA wamsfnu: lulinnuuana1gedns
A v o W Y 9 3 1
Ieddngludmudeyatlszrnsveans 2 ngu
ngulasumsriomels uun PRVC Snrseau
ANuANgIgalumuaunigly (peak airway

Y J 1 1 A v o W
pressure)hlﬂﬂﬂ’ﬂ NN VCV agNuUea N (P<0.05)
ABBATINIAIUINTN 30, 60 1A 120 HAIIINIAN

=) c; dy 1 v A td‘
ATHEM LoNIINT NgU PRVC Satimanlaeunilag
Yo99a31NsIauveialanuinniingy vev

] 1 I 1 1
aaoaNNTa 0ol nawlilnnuuanaialy
AUANUAUEDA minute ventilation LA dynamic

F4

compliance Y9411 2 NquadNtisdIny agi):
msgeelanuy PRVC ludihenlasumsss iy
AN anuuuMANNer IR d0INdoaN19us 1Y

= A Y] =~ a A = d‘
Wumadeniasadsuaziiseaniamd e
eufumssemelanuy vev ludumssiean
anwaugigalumuaunisligionnzilisie

A Yo 3 A
aAnNUIAsIUDIM I 85 v UNlen

mmmu ﬂ?7ﬂ@ﬂﬁﬂﬂﬂ?ﬂ7’l7\7!ﬁﬂﬁ7fﬂﬂ NERERATY,
ﬂ?71/§ﬁﬂ!ll/1/7/lf)¢7?, ﬂ?iW'l@?@ﬁ'@\?ﬂﬁ@\WlNlJi!?%’,
volume controlled ventilation, pressure regulated

volume controlled ventilation

UR 42 aluR 4 ganAu - SudAU 2559

6/28/60 BE 1:25 PM



Introduction

Laparoscopic surgery has been used in
gynecological procedures. It is associated with
reduced morbidity and hospital stay. Laparoscopic
surgery decreases functional residual capacity and
respiratory compliance and increases airway pressure
because of limited diaphragmatic movements
by the pneumoperitoneum and further by the
Trendelenburg position.' As a consequence,
adjustment of ventilator settings during laparoscopic
surgery must be monitored.

The conventional volume controlled ventilation
(VCV) mode is generally preferred because
anesthesiologists are familiar with it. However,
with constant flow rates, VCV tends to create more
airway pressure intraoperatively compared with
pressure-controlled ventilation (PCV) and might
increase the risk of lung injury. Previous studies™
have shown potential advantages of PCV over VCV
during laparoscopic surgery, such as lower airway
pressure and higher compliance. Although PCV mode
ventilation may provide greater control over airway
pressure than VCV mode, it could result in hypoven-
tilation and volume trauma because of inconsistency
of intrathoracic and intra-abdominal pressures during
laparoscopic surgery.

Pressure-regulated volume control (PRVC) is a
new mode of ventilation that combines the advantages
of decelerating inspiratory flow pattern of PCV mode
with the ease of using the VCV mode.* PRVC could
thus be beneficial in this type of surgery. Guldager
et al.* conducted a study and compared VCV and

PRVC in acute respiratory failure and found that
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peak inspiratory pressure was significantly lower
during PRVC ventilation than during VCV with the
same tidal volume. Currently, studies of PRVC in the
operating theatre are limited. The objective in this
study was to compare peak airway pressure between
VCV mode and the alternative mode PRVC and
other effects on respiratory mechanics in patients

undergoing laparoscopic gynecological surgery.

Methods

This study was undertaken at the Faculty of
Medicine, Ramathibodi Hospital, Mahidol University.
All women undergoing laparoscopic gynecological
surgery, aged 20 to 60 years, with American Society
of Anesthesiologists physical status I to III, were
invited to participate. All patients were free of
cardiac, pulmonary, hepatorenal, and neuromuscu-
lar disease. Patients with body mass index (BMI)
>30 kg/m’ were not included in the study. Participation
was voluntary, and informed written consent was
obtained from all participants. The study protocol
was approved by the Ethical Clearance Committee,
Faculty of Medicine, Ramathibodi Hospital, Mahidol
University (No.11-51-36).

After patient transfer to the operating theater,
monitoring consisting of electrocardiography,
noninvasive blood pressure, pulse oximetry, and
capnometry was initiated. After preoxygenation,
anesthesia was induced with propofol 2 mg/kg and
fentanyl 1 pg/kg. Tracheal intubation using a cuffed
7.5-mm internal diameter endotracheal tube of
proper size was facilitated with cis-atracurium,

0.2 mg/kg, as a neuromuscular blocking agent.
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Mechanical ventilation was then performed. Anesthesia
was maintained with sevoflurane in a 50% oxygen—air
mixture. Patients were randomly allocated to 1 of
2 groups of 16 patients each by using computer-
generated random numbers. Ventilation mode was
maintained in the VCV group and the PRCV group.
In both groups, respiratory rate was set to 12 breaths
per minute during anesthesia. We used an inspiratory—
expiratory ratio of 1:2, with an inspiratory pause equal
to 25% of inspiratory time. Both PRVC and VCV
initiated a tidal volume of 8 mL/kg of ideal body
weight, and we adjusted the ventilator setting
following a protocol that kept end-tidal CO, (ETCOZ)
between 28 to 40 mmHg.

In all patients, CO2 pneumoperitoneum was

administered with an intra-abdominal pressure of

Figure 1 Algorithm for intra operative protocol

10 to 12 mmHg. Then the Trendelenburg position
was established. During the laparoscopic surgery,
the hemodynamic variables consisting of heart rate,
blood pressure (systolic, diastolic, and mean arterial
pressure), and ventilatory variables consisting of tidal
volume, minute ventilation, respiratory rate, peak air-
way pressure, dynamic compliance, oxygen saturation,
and ETCO2 tension were monitored and data were
recorded 4 times: 10 minutes after induction in
the supine position (T1), 30 minutes after
pneumoperitoneum in the Trendelenburg position
(T2), and 60 minutes after pneumoperitoneum in the
Trendelenburg position (T3) and 120 minutes after
pneumoperitoneum in the Trendelenburg position
(T4). Dynamic compliance was calculated as exhaled

tidal volume divided with peak airway pressure.

Both VCV and PRVC group
Tidal volume = 8 mL/kg of ideal body weight
Respiratory rate (RR) = 12 breaths/min

/

ETCO, > 40 mmHg

\ 4

Increase RR by 2 times/min

every 5 min until 10 min

!

ETCO, > 40 mmHg

!

\

ETCO, < 28 mmHg

}

Decrease RR by 2 times/min

every 5 min until 10 min

!

ETCO, <28 mmHg

!

Both VCV and PRVC group increase TV by
1 mL/kg every 5 min until 12 mL/kg.
If ETCO, > 40 mmHg or peak
airway pressure > 35 mmHg

Excluded from the study

Both VCV and PRVC group decrease TV by
1 mL/kg every 5 min until 6 mL/kg.
If ETCO, <28 mmHg

No further management
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Statistical analysis

Statistical analyses were conducted using IBM
SPSS for Windows, version 20.0. A Shapiro—Wilk
test was used to test for normal distribution of
continuous data. A student t test was used to compare
continuous data. A repeated measures ANOVA was
used to determine differences in interval data between
the two groups. Sample size calculation was based
on a previous study' that compared the effects of
pressure-controlled ventilation and volume controlled
ventilation in robot-assisted laparoscopic radical
prostatectomy. The investigators found a significant
difference in peak airway pressure, Trendelenburg
positioning, and pneumoperitoneum 60 min between
the PCV and VCV groups (PCV 29.2 + 5.0, where
VCV 34.0 £+ 3.5 emH20). According to a power
analysis using 2 independent groups, and after adding
10% to avoid data loss, we determined that 16 patients
were needed in each group to provide sufficient power

(power 80% and QL 0.05) to conduct the study.

Table 1. Demographic data

Results

Thirty-two women were included in this study
with 16 patients per group. The patient demographic
data were comparable between the groups (Table 1).
The body weight and height in the VCV group was
higher than in the PRVC group, but body mass index
(BMI) was not significantly different between the
groups. The baseline data, minute ventilation, and
ETCO2 were not significantly different between the
two groups. For the hemodynamic variables (Table 2),
we found only heart rate was significantly different
at all times, while the other variables were not
significantly different.

PRVC was associated with lower peak airway
pressure at 30, 60, and 120 minutes after pneumoperi-
toneum. Dynamic compliance tended to be slightly
higher in the PRVC group than in the VCV group
although the difference was not significant (Table
3,4, and 5). Tidal volume was similar in PRVC and
VCV groups at 60 and 120 minutes after pneumoperi-
toneum. However, at 10 minutes after induction and
30 minutes after pneumoperitoneum, tidal volume
was significantly decreased in patients in the PRVC

group compared with those in the VCV group.

VCYV group PRVC group P
(n=16) (n=16)
Age (yrs) 40.7 £9.76 35.0+12.12 0.15
Body weight (kg) 58.4+8.33 52.1 £8.27 0.04*
Height (cm) 160.4 +4.67 156.1 £5.83 0.03*
Body mass index (kg/m’) 23.0+3.11 21.4+3.84 0.15
Degree of Trendelenberg 20.8£7.97 23.4+7.79 0.31

Values are given as mean + SD,*P < 0.05 = statistical significant, VCV = volume-controlled ventilation, PRVC = pressure regulated

volume control
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Table 2. Hemodynamic variables

VCV Group PRVC Group p
(n=16) (n=16)
Heart rate (bpm) 0.001*
10 min 63+7.5 71 £10.8 0.041*
30 min 66 +8.7 76 £12.1 0.001*
60 min 64 +10.9 75+13.7 0.010%*
120 min 66 £8.9 75+£10.7 0.024*
Systolic blood pressure (mmHg)
10 min 102.4 +8.37 104.2 £16.99 0.44
30 min 123.0 £23.49 113.8+£6.90 0.39
60 min 117.4 £15.66 111.7+£9.42 0.31
120 min 114.2 £10.32 114.7£10.29 0.90
Diastolic blood pressure (mmHg)
10 min 64.7 £8.78 59.7 £8.63 0.81
30 min 72.6 £8.76 67.4 £8.65 0.15
60 min 68.2 £9.30 65.8 £4.71 0.97
120 min 70.6 £9.13 67.1 £8.19 0.32

Values are given as mean + SD, *P < 0.05 = statistical significant, VCV = volume-controlled ventilation, PRVC = pressure regulated

volume control, bpm = beats per minute

Table 3. Ventilatory variables

VCYV group PRVC group p
(n=16) (n=16)
Tidal volume (mL) <0.03*
10 min 457.1 £47.85 425.0 £52.22 0.03*
30 min 448.9 £49.97 420.8 +£39.65 0.04%*
60 min 449.9 +£51.80 420.8 £39.65 0.052
120 min 455.9 £49.79 422.9 +£36.08 0.07
Minute ventilation (L/min)
10 min 5.2+0.64 5.6 £1.26 0.95
30 min 5.8+1.30 6.1 £1.04 0.93
60 min 6.0 +1.35 6.5+0.91 0.84
120 min 6.4 +1.57 6.6 £0.91 0.61
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Table 3. (cont.)

VCYV group PRVC group p
(n=16) (n=16)
Peak airway pressure (cmH,0) 0.009*
10 min 15.5+2.40 13.8 £3.86 0.19
30 min 27.1+5.36 22.8 +£5.65 0.02*
60 min 27.0 +£4.08 22.3+3.73 0.001*
120 min 27.2+5.37 22.4+4.27 0.02*

Values are given as mean + SD, *P < 0.05 = statistical significant, VCV = volume-controlled ventilation, PRVC = pressure regulated

volume control

Table 4. ETCO, and intra-abdominal pressure

VCYV group PRVC group p
(n=16) (n=16)
ETCO, (mmHg) <0.03*
10 min 27.6 £1.90 28.8 £3.35 0.09
30 min 37.5+2.58 364 +1.73 0.95
60 min 36.4 £2.06 34.8 £3.96 0.47
120 min 36.2£2.97 34.9+£2.02 0.24
Intra-abdominal pressure (mmHg)
30 min 14.7 £0.65 14.5+1.13 0.52
60 min 145+1.17 143 +£1.18 0.35
120 min 14.0 £1.48 145+1.13 0.39

Values are given as mean + SD, *P < (.05 = statistical significant, VCV = volume-controlled ventilation, PRVC = pressure regulated

volume control, ETCO, = end-tidal carbondioxide

Table 5. Dynamic compliance

Variables anVzg;‘;))up PR(:Z glzup P

Dynamic compliance (mL/cmH,0) 0.009*
10 min 30.7 £5.38 31.9+£8.07 0.63
30 min 17.5+£4.04 19.7 +4.86 0.17
60 min 17.5+3.74 19.9 £3.85 0.08
120 min 16.9 £3.03 194 +4.13 0.06

Values are given as mean + SD, *P < 0.05 = statistical significant, VCV = volume-controlled ventilation, PRVC = pressure regulated

volume control
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Discussion

In this study, there were significant differences
in peak airway pressure at 30, 60, and 120 minutes
after Trendelenburg positioning in patients
undergoing laparoscopic gynecological surgeries. The
dynamic compliance in the PRVC group tended to be
better than in the VCV group, but was not significantly
different. This might be because this study was not
adequately powered to detect changes in dynamic
compliance.

Raised intra-abdominal pressure by pneumo-
peritoneum and alteration of the patient’s position
(Trendelenburg) during laparoscopic gynecological
surgery can cause a significantly increased peak
airway pressure. VCV-anesthetized patients have an
increase in airway pressure and lower lung compliance
compared with PCV.’ Decelerating flow patterns of
PCV provide a more homogenous gas distribution,
reduce peak airway pressure, and improve gas
exchange. Although PRVC and PC ventilation modes
have the same decelerating inspiratory flow, PRVCis
an easier mode of ventilation as it offers adjustment
of inspiratory pressure from breath to breath base on
compliance calculation from the pressure plateau to
target a set tidal volume.

Decelerating flow patterns have been found in
patients who have high airway pressure. These findings
were well documented in many previous studies.” "
In patients with acute lung injury,”® PVC could reduce
lung strain and lung injury associated with increased
peak airway pressure in VCV mode. In laparoscopic
gynecological surgery, Ogurlu et al.” found that PCV

could provide sufficient minute ventilation ensuring
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adequate CO2 removal and improved oxygenation,
while using a lower plateau pressure than VCV.
They concluded that both VCV and PCV seemed to
be equally suitable. Other studies in obese patients
undergoing laparoscopic surgery had variable results.
Cadi et al.” reported that PRCV provided better lung
oxygenation than VCV by enhancing alveolar
recruitment in patients with BMI >35 kg/m’. By
contrast, Hans and De Baerdemaeker et al.*’ found
that when compared with patients in a VCV group,
patients with PCV had lower peak airway pressure,
but there was no difference in enhancement of
oxygenation. This could be explained by different
respiratory mechanics in obese patients compared
with patients of normal weight. Joanna M Dion, et al."”
found that PCV-VG and PC ventilation could provide
lower peak airway pressure and higher compliance
compared with VCV group during laparoscopic-
assisted bariatric surgery.

Furthermore, the study of Samantory'* showing
that PRVC may be superior to PCV mode in patients
after cardiac surgery by reducing intrapulmonary
shunts and improving oxygenation after cardiopul-
monary bypass-induced perfusion mismatch.

We found that PRVC is beneficial in maintaining
adequate ventilation with lower peak airway pressure
and with increased dynamic lung compliance
compared with VCV. Therefore PRVC might be a
suitable mode of ventilation for patients undergoing
laparoscopic gynecological surgery, whereas the
pneumoperitoneum and the Trendelenburg position
can cause an elevated diaphragm and decrease the

functional residual capacity and lung compliance.
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We were not able to show effects of barotraumas
and had no intraoperative complications, such as
pneumothorax, lung injury, and hypoxemia, possibly
because peak airway pressure in both groups did
not exceed 35 mmHg. Intraoperative hemodynamic
variables were similar in both groups except for
slightly higher heart rates in the PRVC group. This
may be related to the small change in mean airway
pressure.’’ Unfortunately, the data obtained in this
study were not sufficient to completely interpret these
findings. However, Balick-Weber et al.”” evaluated
the cardiovascular consequences of PCV and VCV
mode in patients undergoing laparoscopic urological
surgery using transesophageal echocardiography. The
authors found that PCV and VCV had statistically
similar effects on hemodynamic parameters despite
a significant increase in the mean airway pressure
with PCV mode when the patients were in a 20°

Trendelenburg position.

Conclusion

PRVC mode ventilation is a safe alternative for
laparoscopic gynecological surgery because of lower
peak airway pressure that might improve oxygenation
and lower risk to lung injury compared with VCV
mode ventilation. Further study to compare PRVC
and VCV ventilation in more subjects with equipment
to determine precise oxygenation data is warranted

to extend our findings.
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