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Purpose: Controversy remains over whether alveolar recruitment maneuvers (ARMs) can
reduce postoperative pulmonary complications. We hypothesized that performing an ARM in
addition to lung protective ventilation (LPV) could improve intraoperative arterial oxygena-
tion and postoperative pulmonary complications (PPCs) in elderly patients undergoing
laparoscopy in the Trendelenburg position.

Patients and Methods: Sixty-two patients (aged 65-85) scheduled for laparoscopic low
anterior resection were randomized to receive LPV only (LPV group, n = 32) or LPV with an
ARM (ARM group, n = 30). LPV was set to a tidal volume of 6 mL/kg with a positive end
expiratory pressure (PEEP) of 5 cmH,0. The ARM was performed by serially increasing the
PEEP to 10 cmH,O for 3 breaths, 15 cmH,O for 3 breaths, then 20 cmH,O for 10 breaths,
both immediately before and after abdominal insufflation. The primary end-point was the
frequency of PPCs such as desaturation (SpO, <90%), atelectasis, and pneumonia.
Secondary end-points were changes in intraoperative respiratory and gas exchange para-
meters and hemodynamic variables.

Results: One patient in the LPV group experienced desaturation on the first
postoperative day. The frequency of chest X-ray abnormalities such as atelectasis or pleural
effusion was comparable between groups (6 (19%) and 5 (17%) patients, respectively, P =
0.676). Changes in other respiratory, gas exchange and hemodynamic parameters over time
were not significantly different between the groups. However, vasopressor requirements
during surgery were higher in the ARM than the LPV group (9 (30%) and 2 (6%) patients,
respectively, P = 0.014).

Conclusion: This study suggests that performing an ARM during LPV may not improve
postoperative respiratory outcomes and intraoperative oxygenation compared to LPV alone in
geriatric patients undergoing laparoscopy in the Trendelenburg position. In addition, since
the ARM could cause a significant deterioration in hemodynamic parameters, applying ARM
to elderly patients should be carefully considered.

Keywords: alveolar recruitment maneuver, geriatric, lung protective ventilation,

pneumoperitoneum

Introduction

For patients undergoing major abdominal surgery under general anesthesia,
a laparoscopic as opposed to an open approach is associated with increased
life expectancy due to more rapid recovery.! Despite the development of
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minimally invasive surgical procedures, age-related
changes in lung physiology such as the deterioration in
respiratory system compliance, as well as a diminished
response to hypoxemia and a decrease in other protec-
tive airway reflexes, still increase the chance of devel-
oping postoperative pulmonary complications (PPCs).”
PPCs are associated with a prolonged hospital stay and
the need for intensive care, leading to an increase in
health care costs.> Also, the closing volume tends to
exceed functional residual capacity with aging,* and
this
exchange and postoperative atelectasis.” Carbon dioxide

change leads to abnormal intraoperative gas
(CO,) pneumoperitoneum during laparoscopy in the
Trendelenburg position decreases lung volume and
lung compliance,” and respiratory compliance might
not completely recover even after the cessation of
pneumoperitoneum.®

Most lung protective ventilation (LPV) strategies to
minimize ventilator-induced lung injury are based upon
tidal

hypercapnia.” The use of alveolar recruitment maneuvers

low volume ventilation and  permissive
(ARMs) for recruiting collapsed alveoli is a ventilation
strategy involving transient or staircase elevations in trans-
pulmonary pressure. A recent meta-analysis of 12 trials
involving a total of 2756 anesthetized patients reported
that using an ARM in combination with LPV reduced the
incidence of PPCs in non-obese patients.® Another study
showed that the combination of an ARM and positive end-
expiratory pressure (PEEP) significantly improved oxyge-
nation and reduced atelectasis, but PEEP or an ARM alone
did not improve these parameters in obese patients.’
Despite the clinical importance of perioperative
respiratory care in elderly patients, there is little literature
examining the reduction of PPCs after laparoscopic sur-
gery in elderly patients. We hypothesized that performing
an ARM in addition to LPV might improve intraoperative
oxygenation and respiratory parameters, and thus would
lead to reducing the PPCs. Therefore, the aim of this
prospective randomized study was to evaluate the effect
of ARM on PPCs as well as intraoperative oxygenation,
respiratory mechanics, and hemodynamic variables in

elderly patients undergoing laparoscopic surgery.

Methods

Patients
This study was approved by the Gachon University Gil
Hospital Institutional Review Board (Ref: GBIRB2017-

270) and (NCT

03331471). Prior written informed consent was obtained

registered at ClinicalTrials.gov
from all eligible participants. This study is conducted in
accordance with the Declaration of Helsinki. In this pro-
spective observational study, 64 patients scheduled for
elective laparoscopic low anterior resection for colorectal
cancer were included. This study included patients aged
65—85 with an ASA physical status of 1 or 2, and excluded
patients with active infectious lung disease, moderate to
severe obstructive or restrictive lung disease on pulmonary
function test, symptomatic cardiovascular disease besides
proper medication, and cerebrovascular disease with neu-
rologic sequelae. Participants were randomly assigned to
the lung protective ventilation group (LPV group; N = 32)
or the alveolar recruitment maneuver group (ARM group;
N = 32) using the randomization function in Excel 2013
(Microsoft office, Redmond, WA) without stratification.

Anesthesia and Study Setting

Patients were not premedicated with any sedatives or
analgesics. In the operating room, routine anesthesia moni-
tors such as a pulse oximeter, a non-invasive blood pres-
sure monitor, and an electrocardiograph were employed.
Neuromuscular blockade was monitored using E-NMT
module (GE Healthcare, Helsinki, Finland) to obtain
a train-of-four (TOF) ratio, which was measured every
15 s. For the induction of anesthesia, lidocaine (1 mg/
kg), remifentanil (0.5-1.0 pg/kg), propofol (1-2 mg/kg),
and rocuronium (0.8 mg/kg) were administered. For the
maintenance of anesthesia, the concentration of sevoflur-
ane used (1.5-2 vol%) was adjusted guided by the bispec-
tral index score aiming to maintain between 40 and 60. To
enable blood sampling and continuous blood pressure
monitoring, a 22-G radial arterial catheter was inserted
after the induction of anesthesia. Target TOF ratio was
under 0.3 during anesthesia and ARM. During emergence,
extubation was considered after recover the TOF ratio over
0.9. The mechanical ventilator for LPV was set in volume-
controlled mode based on a tidal volume of 6 mL/kg of
ideal body weight (defined in kg as 0.919 x (height in cm
— 152.4) + 45.5 for women, or + 50 for men), an inspira-
tory to expiratory (I/E) ratio of 1:2, a PEEP of 5 cmH,0,
and an inspired oxygen fraction (FiO;) of 0.5. The level of
PEEP was determined based on the previous study.'® The
respiratory rate was adjusted to maintain an end-tidal
carbon dioxide tension (ETCO,) between 35 and 45
mmHg. For the LPV group, the initial ventilator settings
were maintained throughout the surgery. For the ARM
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group, an additional ARM was performed during LPV
immediately before and after abdominal insufflation with
CO; gas. This ARM serially increased the PEEP from the
initial ventilator settings to 10 cmH,O for 3 breaths, 15
cmH,0 for 3 breaths, then 20 cmH,O for 3 breaths. The
peak airway pressure (Ppeak) during ARM was limited to
40 cmH,O. The insufflation gas pressure for pneumoper-
itoneum was limited to 12 mmHg. After gas insufflation,
the patient was moved from the supine position into the
30° Trendelenburg position.

When mean arterial pressure (MAP) decreased below
80% of the baseline value during surgery, either 50 pg
phenylephrine or 5 mg ephedrine was used, depending on
the heart rate (HR). The requirement of vasopressors in
each patient was recorded. At 10 min after anesthesia
induction, 1 min after the induction of pneumoperitoneum,
60 min after the induction of pneumoperitoneum, the end
of pneumoperitoneum, and the end of the operation,
respiratory parameters including ETCO, and Ppeak and
plateau airway pressure (Pplat) were recorded, and arterial
blood gas analysis was performed. Alveolar oxygen ten-
sion was calculated using the following equation: Alveolar
oxygen tension = FiO, x (760 — 47 mmHg) — (PaC0O,/0.8),
and the alveolar to arterial oxygen tension gradient
(AaDO,) was estimated. Alveolar dead space fraction
(Vd/Vt) was calculated using the following equation: Vd/
Vt = 1.135 x (PaCO, — ETCO,)/(PaCO, — 0.005) x 100."
Dynamic and static lung compliance (Cdyn and Cstat)
were calculated using the following equations: Cdyn =
tidal volume/(Ppeak — PEEP); Cstat =
(Pplat — PEEP).

If the patient subjectively complained of dyspnea in the

tidal volume/

ward within 48 hours after the operation, oxygen satura-
tion was measured. All enrolled patients were enrolled for
chest X-ray on the first and second post-operative day.
PPCs are defined as the presence of at least one of the
following: the presence of desaturation (defined as SpO,
<90% in room air), clinical signs and symptoms including
respiratory infection, respiratory failure and bronchos-
pasm, and abnormal chest X-ray findings including pleural
effusion, atelectasis, pneumothorax, aspiration pneumoni-

tis and pulmonary edema.'”

Statistical Analysis

The primary outcome was the incidence of PPCs in the first
2 days of the postoperative period. Sample size was calcu-
lated based on a previous study' comparing the prevalence
of PPCs after anesthetic protocols with and without an ARM

(47% and 14%, respectively). In that study, 29 patients were
required in each group to achieve an a-error probability of
0.05 and a power of 80%; we, therefore, recruited 32
patients to each group, considering possible drop-outs.

SPSS version 19.0 (SPSS Inc., Chicago, IL, USA) was
used for data analysis. Results were presented as mean +
standard deviation (SD) or as the number of patients (%).
The normality of variable distribution was tested using the
Kolmogorov—Smirnov test. Continuous variables were
compared using the independent #-test or the Mann—
Whitney U-test, and categorical variables were compared
using Fisher’s exact test or the chi square test as appro-
priate. Changes in hemodynamic and respiratory variables
were analyzed using a 2-way repeated measures ANOVA
with two factors (group and time). P values <0.05 were
considered to be statistically significant.

Results

Participants and Preoperative Data

A total of 64 patients were enrolled in this prospective study;
two patients in the ARM group were excluded from analysis
due to a change in the surgical plan (Figure 1). Patient
characteristics and preoperative respiratory variables (arter-
ial blood gas analysis and pulmonary function test results)
were comparable between the groups (Table 1).

Intraoperative Data

Intraoperative data including operation time, anesthesia
time, and pneumoperitoneum time were comparable
between the groups (Table 2).

Intraoperative Changes of Gas Exchange

and Dead Space Fraction

The changes in PaO,, PaCO,, AaDO,, and Vd/Vt during
surgery are illustrated in Figure 2. There were no signifi-
cant differences between the groups in the changes in
PaO,, PaCO, AaDO,, and Vd/Vt over time (group-by-
time interaction P = 0.615, 0.818, 0.624, and 0.440,
respectively). There were also no significant differences
between the groups in the changes in intraoperative
respiratory mechanics over time (group-by-time interac-
tions for Ppeak, Pplat, Cdyn, and Cstat: P = 0.988,
0.897, 0.653, and 0.275, respectively, data not shown).

Intraoperative Hemodynamic Changes
The changes in hemodynamics are illustrated in Figure 3.
The differences between the groups in the changes in MAP
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Figure | Patient allocation flow diagram.

and HR over time were not significant (group-by-time
interaction P = 0.736 and 0.599, respectively). However,
the number of patients required vasopressor during surgery
was significantly higher in the ARM group than in the
LPV group (9 (30%) vs 2 (6%), P = 0.014, Table 2).

Postoperative Pulmonary Complications
One patient in the LPV group had the symptom of dyspnea
and showed postoperative desaturation and pulmonary edema
on the chest X-ray. The detection of abnormalities on chest
X-ray such as atelectasis, pneumonia, or pulmonary edema
was comparable between the groups (6 patients (19%) in the
LPV group vs 5 patients (17%) in the ARM group, P = 0.692).
The number of patients who needed admission to the intensive
care unit was comparable between the groups (Table 3).

Discussion

This study suggests that the additional use of an ARM
during LPV may not significantly improve postoperative
respiratory outcomes or intraoperative oxygenation com-
pared to LPV alone in elderly patients undergoing laparo-
scopy in the Trendelenburg position. In addition, the ARM

0 Excluded from analysis (n=0)

may cause a significant deterioration in hemodynamic
parameters during the surgery.

Nearly 100% of patients experience atelectasis during
general anesthesia; this could contribute to postoperative
pulmonary morbidity rates.'*'> Decreases in lung compli-
ance and functional residual capacity, as well as a high
concentration of inspired oxygen, contribute to anesthesia-
induced atelectasis.'* A previous study of LPV reported
that low tidal volume ventilation with low PEEP during
laparoscopy could reduce the incidence of PPCs as com-
pared to conventional high tidal volume ventilation with
an ARM."* Another clinical study reported that the post-
operative radiological atelectasis score after robot-assisted
laparoscopic radical prostatectomy was significantly lower
in patients maintained with a low tidal volume of 6 mL/kg
and a PEEP of 5cmH,0 than in patients maintained with
a high tidal volume of 10 mL/kg and without PEEP.'® In
a single-group study, the performance of an ARM fol-
lowed by 5 cmH,O PEEP after pneumoperitoneum was
found to increase transpulmonary pressure and lead to
improved alveolar recruitment and gas exchange during
laparoscopy in the Trendelenburg position.'” In this study,
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Table | Patient Characteristics and Preoperative Pulmonary

Variables
LPV ARM P value
Group Group
(N =32) (N =30)
Age, years 76 £7 74 £ 5 0.125
Sex, M/F 19/13 15/15 0.459
Weight, kg 63+ 10 60 £ 13 0.422
Height, cm 160 £ 9 159 £ 8 0.752
Co-morbidities
Hypertension 22 (69%) 21 (70%) 0.915
Diabetes mellitus 7 (22%) 8 (27%) 0.660
Preoperative pulmonary
function test
FVC, L 29+08 29+06 0.775
FEV), L 22+05 22+05 0.555
FEV\/FVC, % 748 £ 83 75678 | 0.719
Arterial blood gas analysis
pH 743 £0.03 | 744 £ 0.03 | 0.718
PaCO,, mmHg 326 £ 36 328+ 49 | 0.824
PaO,, mmHg 927+ 170 | 898+ 11.6 | 0.434

Notes: Values are presented as mean * SD or the number of patients (%).
Abbreviations: LPV group, patients who received lung protective ventilation; ARM
group, patients who received both lung protective ventilation and an alveolar
recruitment maneuver; FVC, forced vital capacity; FEVI, forced expiratory volume
in the first second; PaCO,, arterial carbon dioxide tension; PaO,, arterial oxygen
tension.

the level of PEEP was decided based on previous
studies.'™'® The study by Meininger et al'® showed that
the application of S5cmH,O of PEEP
improved arterial oxygenation without hemodynamic dete-

significantly

rioration during prolonged pneumoperitoneum in elderly
patients. In addition, in the meta-analysis of the effect of
PEEP on postoperative pulmonary complication, the usual
level of PEEP studied was from 5 ¢cmH,O to 10 cmH,

O during anesthesia.'®

Table 2 Intraoperative Data

The ARM reopens collapsed alveoli and induces the
release of surfactant at an even distribution across the
alveolar surface.'""'*'> There are several techniques in
ARM method, such as sustained inflation followed by
decremental PEEP, step-wise recruitment (incremental
PEEP), airway pressure release ventilation, or high-
frequency oscillation ventilation. A previous review
reported that ARMs could improve intraoperative PaO,
and lung compliance regardless of the ARM method
used; this review concluded that an ARM followed by
PEEP after the induction of anesthesia might reduce
PPCs."” Meanwhile, a recent meta-analysis reported that
ARM combining with LPV reduced the occurrence of
PPCs and improved oxygenation in non-obese patients.®
Although they did not conclude the ideal strategy as the
variable techniques of ARM, they suggested that sustained
inflation might be better than step-wise recruitment on the
development of PPC.®

We applied ARM immediately before and after pneu-
moperitoneum based on previous studies.”**' A previous
clinical study that examined the effect of preemptive ARM
only before pneumoperitoneum reported that preemptive
ARM improved arterial oxygenation and AaDO, during
the laparoscopic hysterectomy.”® Also, in the thoracic sur-
gery, preemptive ARM before one lung ventilation effec-
tively improves arterial oxygenation during the surgery.?!
However, in this study, performing an ARM during LPV
did not improve intraoperative oxygenation profiles and
respiratory mechanics in elderly patients as compared to
LPV alone. These results were consistent with those of
Choi et al,>* who found that a single ARM before the
induction of pneumoperitoneum did not improve intrao-
perative respiratory mechanics and oxygenation during
robotic-assisted radical prostatectomy in elderly patients.
There are a few possible explanations for the decreased

LPV Group ARM Group P value
(N =32) (N =30)
Operation time, min 140 + 38 147 + 54 0.594
Anesthesia time, min 177 + 42 183 + 58 0.627
Pneumoperitoneum time, min 99 + 33 105 + 48 0.560
Number of patients required vasopressor during the surgery 2 (6%) 9 (30%) 0.014
Phenylephrine (n) 2 (6%) 8 (27%)
Ephedrine (n) 0 (0%) 2 (7%)

Note: Values are presented as mean * SD.

Abbreviations: LPV group, patients who received lung protective ventilation; ARM group, patients who received both lung protective ventilation and an alveolar

recruitment maneuver.
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Figure 2 The changes in arterial oxygen tension (PaO,, left upper), arterial carbon dioxide tension (PaCO,, right upper), alveolar to arterial tension difference (AaDO,, left
lower), and alveolar dead space fraction (Vd/Vt, right lower) during the surgery. There were no significant differences between the groups in the changes in PaO, PaCO,,
AaDO, and Vd/Vt over time (group-by-time interaction P = 0.615, 0.818, 0.624, and 0.440, respectively). Error bars represent standard deviation.

Abbreviations LPV group (unfilled circle, o), patients who received lung protective ventilation; ARM group (filled circle, ®), patients who received both lung protective
ventilation and an alveolar recruitment maneuver; IND, 10 min after anesthesia induction; PPstart and PP60, | min and 60 min after the induction of pneumoperitoneum,
respectively; PPend, the end of pneumoperitoneum; OPend, the end of surgery.
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Figure 3 The changes in mean arterial pressure (MAP, left) and heart rate (HR, right) during the surgery. The differences between the groups in the changes in MAP and HR
over time were not significant (group-by-time interaction P = 0.736 and 0.599, respectively). Error bars represent standard deviation.

Abbreviations: LPV group (unfilled circle, o), patients who received lung protective ventilation; ARM group (filled circle, ®), patients who received both lung protective
ventilation and an alveolar recruitment maneuver; IND, 10 min after anesthesia induction; PPstart and PP60, | min and 60 min after the induction of pneumoperitoneum,

respectively; PPend, the end of pneumoperitoneum; OPend, the end of surgery.

effect of ARMs in elderly patients. The first explanation is
that, with aging, the loss of elastic recoil associated with
the reduction in power of expiratory muscles can lead to
alveolar hyperinflation and faster re-collapse of alveoli
recruited by the ARM. This means that the effect of
ARMs in diminished.*
Furthermore, the loss of elastic recoil leads to an increase

elderly patients can be

in residual volume and a decrease in vital capacity.”> In
addition, a previous animal study suggested that protein

deficiency, which can develop in old age, might lead to the
degradation of surfactant and therefore impair lung
function.”* In another animal study, decreased phospholi-
pid content of surfactant was noticed with age; this might
be caused by age-related pulmonary changes.?® Thus, sur-
factant protein deficiency or a decrease in phospholipid
content may impair lung function in old age, which could
limit the effect of the ARM in this study. There are several
options for ARM. We only applied ARM before and after
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Table 3 Pulmonary Complications Within the First Two Days
Postoperatively

LPV ARM P value
Group Group
(N= (N =30)
32)
Desaturation event, No (%) 1 (3%) 0 (0%) 0.329
Abnormal postoperative chest 6 (19%) 5 (17%) 0.692
X-ray, No (%)
Atelectasis 5 (16%) 3 (10%)
Pneumonia 0 (0%) 1 (3%)
Pulmonary edema 1 (3%) 1 (3%)
ICU admission, No (%) 1 (3%) I (3%) 0.963

Abbreviations: LPV group, patients who received lung protective ventilation; ARM
group, patients who received both lung protective ventilation and an alveolar
recruitment maneuver; Desaturation event, SpO, < 90%; ICU admission, admission
to the intensive care unit after surgery.

pneumoperitoneum, but if we applied it with other options,
such as hourly or every 30 min applying of ARM,*® we
could have a more favorable effect on PPC or arterial
oxygenation in elderly patients. Thus, further studies
might be needed to find the ideal moments to re-open the
de-recruited lungs.

In contrast to an earlier study of elderly patients under-
going laparoscopy,? this study found that the ARM did
not reduce the rate of PPCs. This discrepancy may result
from differences in the age of enrolled patients and in
anesthetic protocols. As mentioned earlier, age is a major
risk factor for PPCs, and the average patient age in this
study was about 10 years older than in the previous
study.”” The anesthesia method can also affect postopera-
tive pulmonary function and complications, and it is
important to note that propofol was used in the previous
study®®> while sevoflurane was used in this study. It has
been found that the postoperative decrease in forced vital
capacity is greater after intravenous anesthesia with pro-
pofol than after balanced anesthesia with sevoflurane in
patients undergoing surgery in the prone position.”’ In
addition, another study found that in comparison to pro-
pofol anesthesia, sevoflurane anesthesia for lung resection
surgery was associated with a reduced incidence of PPCs.
This reduction was linked to the attenuation of systemic
and pulmonary inflammatory responses.*®

The increased intrathoracic pressure induced by ARMs
significantly reduces venous return, decreases right ven-
filling,

volume.” In various lung injury models including pneu-

tricular and consequently decreases stroke

monia, oleic acid injury, and ventilator-induced lung

injury, ARM has been shown to profoundly decrease car-
diac output.*® Furthermore, restoration of cardiac output
after ARMs in that study took 5—15 minutes. In addition,
the increase in intra-abdominal pressure induced by the
pneumoperitoneum itself compresses the inferior vena
cava and reduces venous return.’' In the ARDS patients,
a stepwise recruitment maneuver was preferred over sus-
tained inflation because of the benefit of less hemody-
namic compromise.>* Although we applied a stepwise
ARM considering the hemodynamic vulnerabilities in
old age, vasopressor use was significantly higher in the
ARM group than in the LPV group in our study. It seems
that the negative hemodynamic effects of the ARM were
enhanced by old age and pneumoperitoneum in this study.

There are some limitations in the present study that
warrant consideration. First, we excluded patients with
uncontrolled obstructive respiratory disease, active inflam-
matory lung disease, or cerebrovascular disease.
Considering the high frequency of these morbidities in
the elderly population, our results cannot be generalized
to all elderly patients. Second, we assessed PPCs only in
the first 48 hours of the postoperative period. The
European Perioperative Clinical Outcome (EPCO) defini-
tions and other published definitions for PPCs also include
clinical symptoms and laboratory findings, and do not
limit the time period of assessment.*> Though we studied
the effectiveness of an ARM in reducing atelectasis up to 2
days postoperatively, as this is the time period in which
most cases of atelectasis occur, we did not assess PPCs
that occurred thereafter. Further studies conducted in
a larger population over a longer time period may be
needed to obtain more definitive results. Third, we only
recorded postoperative desaturation via pulse oximeter in
the patients with dyspnea in the general ward. However,
SpO, might not reliably predict the equivalent change in
arterial oxygenation in critically ill patients,** and dyspnea
and desaturation are not always consistent in elderly
people.®® In this study, because the definition of PPCs
does not include the sign of dyspnea and all patients had
chest X-rays at 1st and 2nd postoperative day regardless of
symptoms, no patient may be missing from the data of
PPCs. Fourth, although we calculated sample size based
on a previous report,'? our calculation may be short for the
detection of severe complications, because this previous
study did not involve elderly patients. We may have over-
looked the fact that the risk of PPC doubles from 60 to 69
years and triples from 70 to 79 years.3 6
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Conclusion

In conclusion, performing an ARM during LPV may not
significantly improve respiratory parameters or postopera-
tive respiratory outcomes compared to LPV alone in
elderly patients undergoing laparoscopy in the
Trendelenburg position. In addition, since the ARM
could cause significant deterioration in hemodynamic
parameters, applying ARM to elderly patients should be

carefully considered.
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