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ABSTRACT

Background & objective: Lung atelectasis is a known complication of general anesthesia, and especially in patients
undergoing laparoscopic surgical procedures. Respiratory system compliance (Crs) is a measured sign of lung
atelectasis in laparoscopic surgery. A protocolized sequential alveolar recruitment maneuver (RM) with positive end-
expiratory pressure (PEEP) was compared to a usual management.

Methodology: Patients scheduled for elective laparoscopic radical prostatectomy under extreme Trendelenburg
position were randomly allocated to one of the two groups; either PEEP plus alveolar RM in every 30 min (RM group)
or PEEP only (PEEP group). The primary outcome was the time-dependent differences in Crs between the groups,
that was tested using multivariate analysis of variance (MANOVA).

Results: Between 19 patients in the RM group and 17 patients in the PEEP group, patients’ demography was
balanced. The time depended difference in Crs was significantly higher in the RM group than in the non-RM group.
Postoperative atelectasis occurred in one patient in the PEEP group, whose Crs was 34 cmH.0/mL at the time of
intubation. In the subgroup with initial low Crs (< 60 cmH20/mL), the time-dependent difference in Crs was
significantly higher in the RM group than the PEEP group.

Conclusion: In the subgroup with initial low respiratory system compliance (< 60 cmH20/mL), the time-dependent
difference in respiratory system compliance was significantly higher in the RM group than in the PEEP group,
suggesting that the therapeutic target of RM would be initially low respiratory system compliance patients.

Abbreviations: Crs - Respiratory system compliance; RM - recruitment maneuver; PEEP - positive end-expiratory
pressure

Keywords: Respiratory System Compliance; Lung Recruitment Maneuver; Lung Mechanics; Atelectasis; Randomized
Control Trial
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1. INTRODUCTION

Lung atelectasis is troublesome after Trendelenburg
positioned laparoscopic prostatectomy.'®  Alveolar
recruitment maneuvers (RMs) would be plausible to
maintain respiratory system compliance (Crs),* however,
no concrete protocol has been established. We compared
the changes in Cr and clinical outcomes using
protocolized sequential RMs in every 30 min.

2. METHODOLOGY

This study was conducted with the approval of the ethics
committee of the University of Fukui (#20160055) and
with patients’ informed consent for study participation.
A total of 36 adult patients scheduled for elective
laparoscopic radical prostatectomy under general
anesthesia (October 2016—March 2018) were enrolled.
The patients were randomly allocated to either PEEP (5-
8 cmH,0) plus alveolar RM of 30 cmH.0 for 20 sec (RM
group) or PEEP (5-8 cmH.0) only (PEEP group). In the
RM group, the RM was performed at predetermined
several time points and every 30 min during
pneumoperitoneum. All patients received volume-
guaranteed pressure-controlled ventilation with a tidal
volume of 6-8 mL/kg (ideal body weight). Crs (basically
calculated by tidal volume / peak inspiratory pressure —
positive end-expiratory pressure (PEEP)) was displayed
on Aisys CS 2 (GE healthcare, Chicago, IL) using
manufacture-driven calculations. During the surgery, the
patients were placed in the 25-30° Trendelenburg
position. Time-dependent differences between the
groups were compared using multivariate analysis of
variance (MANOVA) using JMP 16 (SAS, Cary, NC).
Post hoc analysis was performed in the subgroup with
low and high initial Crs.

sequential alveolar recruitment maneuvers

Crs (34 cmH.O/mL) at intubation and as low as 34
cmH>O/mL before extubation. On post hoc analysis, in
the subgroup with initial low Crs at intubation (Crs < 60
cmH,0/mL; the RM group, n = 13; the PEEP group, n =
10), the time-dependent difference in Crs was
significantly higher in the RM group than in the PEEP
group (Figure 4, P = 0.005).

4. DISCUSSION

A previous report showed that intraoperative Crs and the
ratio of arterial oxygen partial pressure to fractional
inspired oxygen (PaO./FiO; ratio) increased more in the
RM group than in the control group,® however that was
controversial.® The discrepancies were thought to be
differences in the method or timing of RM. The RM
method in the present study involved vital capacity
maneuvers that applied a continuous, fixed, high
pressure in every 30 min. We did not identify the optimal
RM method, however, the initially low Crs group
showed high recruit-ability. While RM would not be
appropriate for all patients, for laparoscopic surgery in
the Trendelenburg position, RM can cause concerns with
respect to hemodynamics.” Moreover, prostatectomy has
a risk of bleeding responsible for pelvic vascular
network, although recently the bleeding is normally
minimized since of using laparoscopy. The future studies
would find the patients group which benefit from
intraoperative Crs management.

5. LIMITATIONS

Several limitations were noted. First, this study was a
small single-center study. Second, because of a relatively
long time to enrolled patients, practices may have
changed. Third, the effects of patient factors, including

3. RESULTS

Table 1: Characteristics of patients

Between 19 patients in the Variables RM group PEEP group P value

RM group and 17 patients in (n =19) (h=17)

the PEEP group, no Age(y) 68+4 677 0.595

significant  differences in Height (cm) 167 +6 167+ 6 0.970

patients’ demography (Table Weidht (k 68 + 9 67 +9 0.837

1). At several measured eight ( g)_ ) - - '

points, the mean of Crs were Body mass index (kg/m?) 24 +2 24 +2 0.738

higher in the RM group than  Duration of anesthesia (min) 261 +40 270 £ 51 0.574

in the PEEP group. However,  pyration of pneumoperitoneum 165 + 38 174 + 47 0.547

the time-dependent  (min)

changes  were oot ASAFS o421
e , ) o1 4 (21) 1(6)

significant (Figures 1-3). .2 14 (74) 15 (88)

Postoperative atelectasis  * 3 1(5) 1(6)

occurred in one patient in the
PEEP group who had a low

Data presented as mean + SD, or n (%); P < 0.05 considered as significant
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Figure 1: The time-dependent differences of respiratory system compliance between the
groups. The time-dependent difference in Crs was not significant between the RM and PEEP
group (MANOVA, P =0.06).
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. Figure 2: The time-dependent differences of PaO,/F O, ratio between the groups.
The time-dependent difference in Crs was not significant between the RM and
PEEP group (MANOVA, P =0.68). PEEP

obesity or pulmonary function, were not considered.
Fourth, perioperative outcomes were not fully examined.

6. CONCLUSIONS

The present pilot study showed that the time-course of
respiratory system compliance values similarly
maintained in 30-min interval RM group compared with
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normal PEEP group. Additionally, in the subgroup with
initial low respiratory system compliance (< 60
cmH,0/mL), the time-dependent difference in
respiratory system compliance was significantly higher
in the RM group than in the PEEP group, suggesting that
the therapeutic target of RM would be initially low
compliance patients.
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Figure 3: The time-dependent differences of PaCO, between the groups.
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Figure 4: The time-dependent differences of respiratory system compliance between the
groups. In the subgroup of initially low respiratory system compliance group of patients (<60
cmH,O/mL, n = 23), a significant difference in the compliance between the RM plus PEEP
group (n =13) and the PEEP group (n = 10) is observed (MANOVA, P = 0.005).
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