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Abstract: Objective: This study was designed to evaluate the efficacy of adaptive support ventilation (ASV) and lung 
recruitment maneuvering (LRM) on the hemodynamics and respiratory mechanics of patients with acute respiratory 
distress syndrome (ARDS). Methods: A total of 100 patients with ARDS admitted to the intensive care unit (ICU) of 
our hospital from July 2016 to October 2019 were randomly divided into the control group (n=50) receiving synchro-
nized intermittent mandatory ventilation (SIMV) and the study group (n=50) receiving ASV + LRM. The hemodynam-
ics, respiratory mechanics, oxygen metabolism parameters, pulmonary index of microcirculatory resistance and 
prognosis were compared between the two groups. Results: No significant difference was observed between the two 
groups in terms of baseline data (P > 0.05). Positive end-expiratory pressure (PEEP), mean arterial pressure (MAP), 
central venous pressure (CVP), heart rate (HR), systemic vascular resistance index (SVRI), pulmonary arterial pres-
sure (PAP), and cardiac output index (CI) were not significantly different between the two groups (P > 0.05). PEEP, 
peak inspiratory pressure (PIP), pulmonary vascular resistance index (PVRI), and extravascular lung water (EVLW) 
were lower, and arterial oxygen pressure (PaO2), global oxygen delivery (DO2), oxygen-uptake (VO2), and dynamic 
compliance (Cdyn) were higher in the study group than in the control group (P < 0.05). Time to withdrawal, APACHE 
II score, and length of stay in ICU were lower in the study group than in the control group (P < 0.05). Conclusion: ASV 
+ LRM can improve respiratory mechanics, oxygen metabolism, reduce microcirculatory resistance, shorten ICU stay 
and alleviate the conditions of ARDS patients, but has no significant effect on hemodynamics. 
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Introduction 

Acute respiratory distress syndrome (ARDS) is 
a type of inflammatory, diffuse acute lung inju- 
ry characterized by intractable hypoxemia and 
respiratory distress, and patients are often 
accompanied by hypoxia and increased respi-
ration rate and cyanosis [1, 2]. The specific 
pathogenesis of ARDS is not yet fully under-
stood, the treatment methods are limited, and 
the morbidity and mortality rates are still as 
high as 40%-50%, posing a great threat to 
patients [3, 4]. Mechanical ventilation is a com-
mon management option. In recent years, low 
tidal volume ventilation and positive end-expi-
ratory pressure (PEEP) have gained clinical 
attention, which can effectively regulate micro-
circulation and inhibit disease progression. 

Due to decreased lung compliance, low tidal 
volume ventilation causes collapsed alveoli in 
ARDS patients, affecting gas exchange in the 
lungs and reducing global oxygen delivery (DO2) 
[5]. Clinically, PEEP levels are often increased  
to keep DO2 within the normal range. However, 
PEEP can trigger or aggravate lung injury asso-
ciated with mechanical ventilation, causing 
many complications, affecting prognosis [6, 7]. 
Therefore, exploring an efficient and safe venti-
lation protocol is the key to improve the effica- 
cy of ARDS, ensure patient safety and improve 
prognosis. 

Adaptive support ventilation (ASV) is a positive 
pressure mode of mechanical ventilation with 
closed-loop control and automatic adjustment 
according to the needs of patients. It is design- 

http://www.ajtr.org


Combination of adaptive support ventilation and lung recruitment maneuvers

2110 Am J Transl Res 2022;14(3):2109-2116

ed to ensure optimization of breathing work for 
the patients [8]. Multiple methods have been 
described for lung recruitment maneuvering 
(LRM), including 3 consecutive sighs/min with 
a plateau pressure of 45 cmH2O, which im- 
proves lung compliance and oxygenation func-
tion by reopening the alveoli, reduces the de- 
gree of lung injury, and decreases the overall 
morbidity and mortality [9, 10]. Currently, there 
are few clinical reports on the effectiveness of 
ASV combined with LRM modality in ARDS. In 
this study, 100 patients with ARDS were 
enrolled and grouped based on synchronized 
intermittent mandatory ventilation (SIMV) and 
ASV + LRM modes to investigate the effects of 
ASV + LRM mode on hemodynamic, respiratory 
mechanics, and microcirculatory resistance. 

Materials and methods 

Clinical data 

A total of 100 patients with ARDS admitted to 
the intensive care unit (ICU) of The First 
Affiliated Hospital of Wenzhou Medical Univer- 
sity from July 2016 to October 2019 were 
included in the study, and were randomly divid-
ed into the control group (n=50) receiving syn-
chronized intermittent mandatory ventilation 
(SIMV) and the study group (n=50) receiving 
ASV + LRM. This study was approved by the 
Medical Ethics Committee of The First Affiliat- 
ed Hospital of Wenzhou Medical University. All 
subjects or their families signed the informed 
consent prior to participating in the study.

Inclusion criteria: patients who met the diag-
nostic criteria of ARDS [11] and received 
mechanical ventilation; acute onset within 1 
week; oxygenation index ≤ 200 and PEEP ≥ 5 
cmH2O; and chest X-ray radiographs showing 
reduced translucency in both lungs and no 
pleural effusion. Exclusion criteria: death with- 
in 24 h of admission; oxygen saturation (SaO2) 
≤ 90% following ventilator use and invasive 
mean arterial pressure (MAP) ≤ 65 mmHg in 
the brachial artery 2 h after resuscitation; 
pneumothorax and alveolar disease.

Methods

All patients were mechanically ventilated using 
a Galerio Gold ventilator (Hamilton, Switzer- 
land), and a Swan-Ganz floating catheter was 
placed via the patient’s internal jugular or sub-

clavian vein, and mechanical ventilation was 
performed using the ventilator. SIMV mode  
was set with a PEEP of 0, a tidal volume of 8 
mL/kg, and an oxygen concentration of 60%  
for 8 h. When the condition was stable, the  
control group continued to receive the SIMV 
mode with sequential increases of 0, 5, and 10 
cmH2O and each PEEP was maintained for 60 
min. The study group received ASV + LRM 
mode. The control group underwent ASV with 
the same parameters.

Outcome measurements

Pulmonary arterial pressure (PAP) and central 
venous pressure (CVP) were measured using a 
Swan-Ganz floating catheter, and systemic vas-
cular resistance index (SVRI), pulmonary vascu-
lar resistance index (PVRI) and cardiac output 
index (CI), and extravascular lung water (EVLW) 
were measured using a PiCCO monitor; peak 
inspiratory pressure (PIP) and dynamic compli-
ance (Cdyn) were measured using a ventilator; 
3 mL of mixed venous and femoral blood was 
obtained from the pulmonary artery end of a 
Swan-Ganz float catheter, and arterial oxygen 
pressure (PaO2), global oxygen delivery (DO2), 
and oxygen-uptake (VO2) were measured with 
an ABL90 blood gas analyzer.

The time to withdrawal, APACHE II score, and 
ICU stay were recorded in both groups. The 
APACHE II scores were determined in terms of 
age, acute physiology and chronic health on a 
4-point Likert scale, with high scores indicating 
severe disease and poor prognosis.

Statistical analysis

SPSS 23.0 statistical analysis software was 
used. The graphics were prepared using 
GraphPad Prism 8. The measurement data 
were expressed as 

_
x  ± s. Comparisons bet- 

ween groups were made by the independent 
samples t test. Count data [n (%)] were exam-
ined by χ2 test, with P < 0.05 regarding as a 
significant difference.

Results

Baseline data 

The control group included 27 males and 23 
females aged (45.2±8.2) years, while the study 
group included 26 males and 24 females aging 
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(45.9±7.6) years. The differences in baseline 
data such as gender, age, body mass index, 
oxygenation index, APACHE II score and pri- 
mary disease were not significant between the 
two groups (P > 0.05) (Table 1).

Hemodynamics 

At a PEEP of 0 cmH2O, 5 cmH2O, and 10 cmH2O, 
no significant difference was found in MAP, 
CVP, and HR levels between the two group (P > 
0.05), indicating that SIMV and ASV + LRM 
modes did not affect patient hemodynamics 
(Table 2).

Respiratory mechanics 

At a PEEP of 0 cmH2O, 5 cmH2O, and 10 cmH2O, 
the PIP level was significantly lower and the 
Cdyn level in the study group was significantly 
higher than that in the control group (P < 0.05), 
suggesting that compared with SIMV mode, 
ASV + LRM could improve the respiratory func-
tion of the patients with ARDS (Table 3).

Oxygen metabolism parameters 

At a PEEP of 0 cmH2O, 5 cmH2O, and 10 cmH2O, 
PaO2, DO2, and VO2 levels in the study group 
were significantly higher than those in the con-
trol group (P < 0.05), showing that compared 
with SIMV mode, ASV + LRM could improve oxy-
gen metabolism parameters of the patients 
with ARDS (Figure 1).

Pulmonary index of microcirculatory resistance 

At a PEEP of 0 cmH2O, 5 cmH2O, and 10 cmH2O, 
SVRI, PAP, and CI levels in the study group were 
not significantly different from the control group 
(P > 0.05). At the PEEP of 0 cmH2O, 5 cmH2O, 
and 10 cmH2O, PVRI and EVLW levels in the 
study group were significantly lower than those 
in the control group (P < 0.05), showing that 

compared with SIMV mode, the ASV + LRM 
could improve pulmonary microcirculatory 
resistance of the patients with ARDS and pre-
vent pulmonary microcirculation disturbance 
(Figure 2).

Prognosis 

The time to withdrawal, APACHE II score, and 
ICU length of stay in the study group were sig-
nificantly lower than those in the control group 
(P < 0.05), indicating that compared with SIMV 
mode, the ASV + LRM mode could shorten the 
length of stay, alleviate the condition of the 
patients with ARDS, and facilitate rehabilita- 
tion (Table 4).

Discussion

Lung-protective ventilator settings (LPS) were 
initially thought to be beneficial for patients 
with ARDS, but recent studies have shown that 
lower tidal volume is beneficial for non-ARDS 
patients as well [12-14]. LPS works by limiting 
the concentration of oxygen and tidal volume, 
while applying PEEP to increase alveolar pres-
sure and alveolar volume, prevent damage 
caused by repeated closure and opening of the 
atrophied lung, improve gas exchange at the 
alveoli and lung compliance, and prevent infec-
tion and pulmonary edema [15]. However, due 
to the presence of heterogeneous lesions in 
the lungs of ARDS patients, high PEEP fails to 
expand the partially collapsed alveoli [16]. 
Therefore, the key to ARDS treatment is to 
reduce PEEP and PIP as much as possible  
while effectively promoting alveolar collapse 
and providing adequate oxygen supply.

ASV is a closed-loop pressure-controlled venti-
lation mode, which is an intelligent automatic 
ventilation mode for optimal respiratory mode 
while ensuring an adequate air supply [17]. ASV 
is based on individual patient parameters such 

Table 1. Comparison of baseline data (n/χ ± S)

Group Male/ 
female

Age 
(years)

Body mass 
index (kg/m2)

Oxygenation 
index

APACHE II 
score 

Primary disease
Acute pancreatitis/ 

pulmonary infection/severe 
infection/trauma/other

Control group (n=50) 27/23 45.2±8.2 22.95±2.68 145.26±10.29 26.13±2.25 12/10/14/12/2
Study group (n=50) 26/24 45.9±7.6 23.15±3.02 146.35±9.95 26.38±2.37 14/9/13/10/4
χ2/t 0.040 0.443 0.350 0.341 0.541 0.244
P 0.841 0.659 0.727 0.734 0.590 0.970
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Table 2. Comparison of hemodynamic indices (χ ± S)

Group
MAP (mmHg) CVP (cmH2O) HR (beats/min)

PEEP=0 
cmH2O

PEEP=5 
cmH2O

PEEP=10 
cmH2O

PEEP=0 
cmH2O

PEEP=5 
cmH2O

PEEP=10 
cmH2O

PEEP=0 
cmH2O

PEEP=5 
cmH2O

PEEP=10 
cmH2O

Control group (n=50) 99.62±9.52 98.86±10.02 99.76±9.68 10.26±3.21 9.64±3.12 10.65±3.57 113.25±15.45 112.57±14.26 109.32±13.02
Study group (n=50) 98.68±9.57 99.94±10.34 98.86±9.76 9.97±4.02 10.25±4.12 10.98±5.11 112.37±14.25 110.34±13.25 109.57±14.75
t 0.492 0.530 0.463 0.399 0.835 0.374 0.296 0.810 0.090
P 0.624 0.597 0.644 0.691 0.406 0.709 0.768 0.420 0.928

Table 3. Comparison of respiratory mechanics (χ ± S)

Group
PIP (cmH2O) Cdyn (mL/cmH2O)

PEEP=0 cmH2O PEEP=5 cmH2O PEEP=10 cmH2O PEEP=0 cmH2O PEEP=5 cmH2O PEEP=10 cmH2O

Control group (n=50) 34.26±8.26 37.12±9.26 43.26±8.26 20.16±5.12 24.49±6.32 29.62±7.71
Study group (n=50) 26.31±6.25 29.62±6.94 33.35±7.25 24.49±5.28 32.26±6.58 37.26±8.02
T 5.427 4.583 6.376 4.163 6.022 4.856
P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
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as respiratory resistance and lung compliance, 
with significant advantages. It automatically 

adjusts to the most appropriate support pres-
sure, respiratory frequency, and tidal volume by 

Figure 1. Comparison of oxygen metabolism parameters. Note: (A) PaO2; (B) DO2; (C) VO2. Compared to the control 
group under the same PEEP, ###P < 0.001.

Figure 2. Comparison of micro-
circulatory resistance. Note: (A) 
SVRI; (B) PVRI; (C) EVLW; (D) 
PAP; (E) CI. Compared to the 
control group under the same 
PEEP, ##P < 0.01 and ###P < 
0.001.
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analyzing the parameters of each breath, so as 
to meet the body’s requirements for DO2 with 
the minimum work of breathing. The ventilator 
provides air in a constant deceleration mode, 
so there is no excessive peak airway pressure 
[18, 19]. However, ASV alone cannot adequate-
ly dilate collapsed alveoli, and other measures 
need to be taken to enhance oxygenation 
capacity, promote alveolar collapse, and cor-
rect hypercapnia [20]. LRM reopens the col-
lapsed alveoli and increases functional residu-
al capacity. A study found that the implemen- 
tation of LRM contributed to a reduction in col-
lapsed alveoli by 11.7% of whole lung tissue 
[21]. Animal tests have shown that LRM can 
prevent ventilator-related exacerbation of lung 
injury and reduce the levels of inflammatory 
factors in plasma and bronchoalveolar lavage 
fluid, thereby reducing the risk of developing 
multiple organ dysfunction syndrome [22]. In 
this study, no significant difference was obser- 
ved in MAP, CVP, and heart rate (HR) between 
the two groups under the same PEEP, indicat- 
ing that the two modalities did not have a sig-
nificant effect on the hemodynamics of the 
patients. Inspiratory pressure in the study 
group varied with pulmonary compliance, and 
ventilation was consistently with lower PIP. The 
study group showed lower PIP, PVRI, and EVLW, 
and higher PaO2, DO2, VO2, and Cdyn than the 
control group, suggesting that the ASV + LRM 
mode helped improve inspiratory mechanics, 
oxygen metabolism, and reduce pulmonary 
microcirculatory resistance in patients with 
ARDS. Moreover, the time to withdrawal, 
APACHE II score, and ICU length of stay in the 
study group were lower than those in the con-
trol group, indicating that the ASV + LRM could 
accelerate the recovery process from ARDS, 
shorten the length of stay, and alleviate the 
patient’s condition. The reason for this may be 
that the ASV is a volume-targeted pressure  
support mode that automatically adjusts the 
pressure support according to the spontane-
ous respiratory rate, thus promoting a more 
even distribution of airflow in the alveoli, which 

respiration as well as oxygen consumption, and 
increase gas exchange in the lungs, thereby 
avoiding respiratory muscle atrophy, human-
machine confrontation, reducing the consump-
tion of sedation and analgesia, and shortening 
the use time of ventilator and ICU hospitaliza-
tion time [23, 24]. LRM increases lung volume, 
reopens non-ventilated alveoli, keeps reventi-
lated alveoli and ventilated alveoli open, and 
connected airways open, increases the 
patient’s functional residual capacity, reduces 
the shear forces formed by repeated alveolar 
closure and opening, and avoids the occur-
rence of mismatched ventilation perfusion [25, 
26]. In ASV + LRM mode, the deceleration wave 
during the ventilation can improve the ratio of 
pulmonary gas and blood flow and promote 
alveolar gas exchange. Combined with LRM, it 
can reopen the alveoli and keep them in a state 
of dilation, thereby increasing lung volume and 
improving oxygenation, lung compliance, oxy-
gen supply and consumption.

This was a single-center study with a small 
number of cases and short period of followed-
up, leading to a possible certain bias in the  
conclusions of the study. In the next step, a 
multi-center study will be carried out with 
increased number of cases and extended fol-
low-up period to further explore the reliability  
of the conclusions of this study.

In conclusion, ASV + LRM mode can improve 
respiratory mechanics and oxygen metabo- 
lism, reduce microcirculatory resistance, short-
en ICU stay and alleviate the condition of ARDS 
patients, but has no significant effect on he- 
modynamics.
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Table 4. Comparison of prognostic indicators (χ ± S)

Group Withdrawal 
time (h)

APACHE II 
score

Length of 
ICU stay (d)

Control group (n=50) 302.16±29.58 16.35±5.57 15.26±3.02
Study group (n=50) 258.86±25.57 12.16±3.75 11.19±3.15
T 7.831 4.412 6.595
P < 0.001 < 0.001 < 0.001

allows fully oxygenated blood, thereby 
maintaining the balance of oxygen 
supply and demand. Meanwhile, ASV 
could provide ideal ventilation at a 
low airway pressure. With small tidal 
volume and respiratory frequency, the 
patients can breathe independently 
and comfortably, which can stabilize 
hemodynamics, reduce the work of 
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