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 Background: This study aimed to determine the effects of alveolar recruitment maneuver (RM) on cerebral oxygen satura-
tion and cerebral blood velocity in patients undergoing carotid endarterectomy (CEA) before clamping of the 
carotid artery.

 Material/Methods: In this crossover exploratory study, all patients were randomized to undergo an RM (30 cmH2O of continuous 
airway pressure for 30 s) and a “sham” maneuver (SM; 5 cmH2O for 30 s), followed by an alternative interven-
tion after a 5-min equilibration period. Near-infrared spectroscopy (NIRS) was used to monitor regional cere-
bral oxygen saturation (rSO2), and transcranial Doppler ultrasonography (TCD) to evaluate blood velocity of the 
middle cerebral artery (V-MCA). Changes in rSO2, V-MCA, mean arterial pressure (MAP), and heart rate (HR) in 
response to the 2 interventions were compared.

 Results: A total of 59 patients underwent the study procedure. RM reduced rSO2, V-MCA, MAP, and HR, but these vari-
ables slightly changed during SM. A significant drop in rSO2 was observed immediately after RM compared 
with the baseline value (68.51±4.4% vs 64.12±5.15%; P<0.001). The decrease in rSO2 was higher during the RM 
than during the SM (-6±4% vs 1±2%; P<0.001). Similarly, change in V-MCA was more significant in response 
to RM than SM (-26±19% vs 19±16%; P<0.001). The V-MCA value changed from 39 cm/s to 29 cm/s after RM. 
In addition, V-MCA of the ipsilateral to the surgical side decreased more obviously than the contralateral side 
(-26±19% vs -20±17%; P=0.001).

 Conclusions: An RM at 30 cmH2O of continuous airway pressure for 30 s decreased rSO2 and V-MCA. In addition, MAP and 
HR were affected.
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Background

Carotid endarterectomy (CEA) is effective in preventing stroke 
for both symptomatic and asymptomatic carotid stenosis [1,2]. 
However, clamping of the carotid artery during CEA may lead 
to cerebral ischemia and brain damage [3,4]. Furthermore, 
the procedure may lead to airway edema owing to the prox-
imity of the surgery to the trachea. Postoperative bleeding 
results in neck hematoma, airway compression, and other 
injuries, further increasing the incidence of postoperative re-
spiratory complications and prolonging the time of postoper-
ative recovery [5,6]. Approximately 75% of CEA surgeries are 
performed under general anesthesia with endotracheal intu-
bation [7]. However, because of the development of atelecta-
sis, mechanical ventilation may impair oxygenation [8-10]. A 
strategy of protective ventilation using a recruitment maneu-
ver (RM) of 30 cmH2O of continuous airway pressure for 30 s 
in addition to small tidal volumes and a high positive end-ex-
piratory pressure is reported to limit atelectasis [11]. Thus, RM 
may improve clinical outcome in this population.

Owing to its clinical benefits of increasing oxygenation and re-
ducing postoperative complications, the strategy of protective 
ventilation contained with RM has gained widespread accep-
tance [11-13]. In recent years, RM has been advocated to treat 
not only patients with a severe respiratory disease requiring 
mechanical ventilation, such as patients with acute respira-
tory distress syndrome (ARDS), but also patients with normal 
lung function undergoing general anesthesia in the operat-
ing room and to safely and effectively improve lung compli-
ance and perioperative oxygenation [11,12,14]. However, some 
studies have reported that RM is associated with transient he-
modynamic fluctuations [15]. Previous studies on neurosurgi-
cal patients undergoing supratentorial tumor resection have 
reported increased subdural pressure and reduced the cere-
bral perfusion pressure (CPP) during an RM [16]. An RM of 30 
cmH2O of continuous airway pressure for 30 s can re-expand 
the atelectatic lung tissue to reduce the incidence of postop-
erative respiratory complications; however, the effect of high 
airway pressures on the cerebral perfusion in patients with 
carotid artery stenosis is unknown [13,14]. Hence, this study 
aimed to explore whether an intraoperative RM had an effect 
on the cerebral perfusion.

For efficacy and safety in detecting cerebral ischemia during 
CEA, the most widely used intraoperative monitoring strategies 
to guide the shunt placement appropriately are transcranial 
Doppler ultrasonography (TCD) and near-infrared spectroscopy 
(NIRS) [17-19]. The application of TCD monitoring can reduce 
shunt and the incidence of shunt-related complications [19]. 
Optimization of regional cerebral oxygen saturation (rSO2) can 
improve postoperative outcomes, and low cerebral oxygen sat-
uration seems to be associated with postoperative adverse 

events [18]. TCD can continuously monitor changes in the ve-
locity of the middle cerebral artery (V-MCA) and may indicate 
changes in intracranial perfusion [1,19,20]. NIRS can monitor 
the balance of cerebral oxygen supply and demand [21,22]. 
This study aimed to determine the effect of an intraoperative 
RM on rSO2 by NIRS in patients with carotid artery stenosis 
undergoing CEA and to observe the change of V-MCA by TCD 
and hemodynamics changes during the study.

Material	and	Methods

This prospective crossover exploratory study was conducted 
from March 2018 to December 2018 at the Xuanwu Hospital, 
Beijing, China. This study was approved by the Clinical 
Research Ethics Board of the University of Xuanwu Hospital 
of Capital Medical University in March 2018. The trial was reg-
istered with China Clinical Trial Registry (registration number, 
ChiCTR1800014564; principal investigator, Lei Zhao; date of 
registration, January 21, 2018). A total of 70 patients sched-
uled for CEA were included and provided written informed con-
sent before participation.

Intervention

In this crossover exploratory study, all patients were random-
ized to undergo an RM (30 cmH2O of continuous airway pres-
sure for 30 s) and a “sham” maneuver (SM; 5 cmH2O for 30 s), 
followed by an alternative intervention after a 5-min equili-
bration period (Figure 1). During the intervention, the patient 
had no spontaneous breathing. After each maneuver, the ven-
tilation parameters were maintained as before. The surgical 
procedure was suspended during intervention. After the sec-
ond maneuver and measurements, all measurement were 
obtained and the study was terminated and the surgery pro-
ceeded as planned.

We set an SM for exploring the effect of an intraoperative RM 
on rSO2 and V-MCA to eliminate the possible effect of simple 
apnea on rSO2 and V-MCA during RM. The study was conduct-
ed after muscle relaxation and endotracheal intubation, but 
before clamping of the internal carotid artery (ICA). The study 
was initiated 10-20 min after the induction of anesthesia and 
fluid administration to obtain hemodynamic stabilization.

The maneuver was terminated if rSO2 decreased by >20% and/
or V-MCA by >50% for >2 min. In case of such reductions in 
rSO2 or V-MCA, the intervention (RM or sham RM) was termi-
nated and appropriate measures were taken, such as improv-
ing inhaled oxygen concentration or elevating blood pressure 
to improve cerebral blood flow, because it was presumed that 
severe intracranial ischemia might occur, which patients might 
not be able to tolerate [23,24].
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Study	Population

Patients age >40 years, with American Society of 
Anesthesiologists class II-III, and scheduled for CEA were eli-
gible to participate in the study. Patients accepted the surgery 
for carotid stenosis caused by different degrees of atheroscle-
rotic plaque formation in the carotid artery. Patients with se-
vere hypertension (>180/110 mmHg), recent cerebral infarction 
(<4 weeks), or hemorrhagic stroke and pregnant and lactating 
women were excluded. Patients with severe heart disease (eg, 
left ventricular ejection fraction of <40%, myocardial infarc-
tion for <6 months, significant valvular disease), severe pul-
monary disease that needs long-term oxygen therapy, asth-
ma, pulmonary bullae, a history of pneumothorax, or previous 
lung resection, who could not tolerate RM, were also excluded.

Anesthetic	Management

All participants were monitored according to routine clinical 
practice, such as electrocardiogram, noninvasive blood pressure, 
continuous intraarterial blood pressure (via the radial artery), 
continuous pulse oximetry monitoring, bispectral index (BIS), 
and end-tidal carbon dioxide (PETCO2). In addition, the patients 
were continuously monitored using NIRS and TCD throughout 
the surgery. The rSO2 was monitored using NIRS (CAS Medical 
Systems, Inc, Branford, CT) with optodes placed bilaterally on 
the forehead. The bilateral V-MCA was monitored using TCD 
(The Elica Company, Shenzhen, China), using a probe with a 
specially designed headband fixed to the patient’s head [25].

To prevent hypotension after induction, all patients were given 
6 mL/kg fluid volume for supplementary dilatation. Anesthesia 
was induced and maintained according to clinical practice 
by the same attending anesthesiologist. After adequate pre-
oxygenation with 100% oxygen, anesthesia was induced by 
sufentanil 0.3 µg/kg, etomidate 0.2 mg/kg, and rocuronium 
0.6 mg/kg. After effective muscle relaxation, tracheal intuba-
tion assisted with the GlideScope video laryngoscope was per-
formed. The ventilation model was pressure-controlled ven-
tilation with a volume guarantee, tidal volume was 6 mL/kg, 

fraction of inspired oxygen was 50%, inspiration-to-expiration 
ratio was 1: 2, SpO2 was maintained at 98%, and PETCO2 was 
monitored and maintained between 35 and 45 mmHg [26].

Anesthesia was maintained with total intravenous anesthe-
sia using propofol and remifentanil. The initial concentra-
tion of propofol was 3 mg/(kg/h), and the adjustment range 
was set at 0.5 mg/(kg/h) to maintain BIS between 40 and 60. 
Remifentanil for continuous intravenous analgesia was main-
tained at 0.1-0.4 µg/(kg/min) according to surgical stimulation. 
Intraoperative SpO2 was maintained at 98-100%, and the body 
temperature was maintained at 36-37°C.

Data Collection

Baseline characteristics were obtained from the participants’ 
medical records. To obtain the partial pressure of arterial blood 
carbon dioxide (PaCO2), after the induction of anesthesia, ar-
terial blood was sampled for gas analysis before intervention 
of lung recruitment. The difference between PaCO2 and PETCO2 
was determined and used to estimate PaCO2 from PETCO2 at 
the following time points.

Data on V-MCA, rSO2, and hemodynamics were collected over 
30 s before and after both RM (pre-RM and post-RM) and 
sham RM (pre-SM and post-SM). To account for differences 
between individuals, data changes were expressed as the rise 
or fall of the percentage, calculated using the following formu-
la: post–pre/pre×100%.

Statistical Analysis

Continuous variables were presented as mean±standard de-
viation and categorical variables as number (percentages). 
The Shapiro–Wilk test was used to evaluate data normality. 
Using the paired t test or Wilcoxon test of 2 related samples 
for normally distributed and skewed data, respectively, chang-
es in rSO2, V-MCA, HR, and mean arterial pressure (MAP) were 
compared (pre-RM vs post-RM ad pre-SM vs post-SM), chang-
es in response to RM and SM were evaluated, and ipsi- and 

Randomization

RM RM

SM
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Figure 1.  Randomized crossover study design 
involved 2 intervention periods: a 
recruitment maneuver (RM) of 30 
cmH2O for 30 s and a sham maneuver 
(SM) of 5 cmH2O for 30 s at a different 
time point; the 2 procedures were 
separated by an equilibration period 
of 5 minutes. The observation targets 
were measured before and after each 
intervention period (pre-post RM and 
SM).

e930617-3
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Li L. et al: 
Alveolar recruitment during carotid endarterectomy
© Med Sci Monit, 2021; 27: e930617

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



contralateral changes in rSO2 and V-MCA were compared. In ad-
dition, the Spearman’s rank correlation coefficient was used to 
examine whether the changes in heart rate (HR) and MAP were 
consistent with the changes in rSO2 and V-MCA and the corre-
lation in the changes of rSO2 and V-MCA. To evaluate wheth-
er there was any carryover, the Mann-Whitney U test or the 2 
independent samples t test was used to compare changes in 
rSO2 and V-MCA in response to RM for patients in the RM first 
and SM first groups. SPSS version 21.0 was used for all statis-
tical analyses. P<0.05 was considered statistically significant.

Results

A total of 80 patients were assessed for eligibility, 10 of whom 
were excluded before the surgery because they did not meet 
the inclusion criteria (n=4), TCD did not have an adequate 
temporal window (n=3), and they refused to participate (n=3). 
Furthermore, 11 patients were excluded after randomization 
because of incomplete intraoperative data recording. Thus, 59 
patients completed the study (Figure 2).

The characteristics of the study participants are presented in 
Table 1. The baseline rSO2, V-MCA, MAP, and HR in the 2 ma-
neuvers (RM and SM) are presented in Table 2. There were no 
significant differences in the baseline information (pre-RM vs 
pre-SM; P>0.05). Without taking any additional measures, all 
variables had returned to the baseline value in both groups 
after the 5-min equilibrium between evaluations.

The effect of the RM and SM is presented in Table 2. There 
were no significant differences in the baseline information 
(pre-RM vs pre-SM; P>0.05). The rSO2 value of ipsilateral to 

the surgical side had a significant drop immediately after the 
RM (69±4% vs 64±5%; P<0.001). Changes in rSO2 during SM 
was insignificant. RM reduced V-MCA from 39±11 cm/s to 
29±12 cm/s (P<0.001). However, during the SM maneuver, 

Assessed for eligibility (n=80)

Allocated to RM � SM (n=35) Allocated to SM � RM (n=35)
Allocation

Follow-up

rSO2, V-MCA changes (n=59)
HR and MAP changes (n=59)

Enrollmet

Randomized (n=70)

Excluded (n=10)
• Not meeting inclusion criteria (n=4)
• TCD did not have an adequate temporal window (n=3)
• Declined to participate (n=3)

• Bagan intervention (n=35)
• Stopped intervention due to incomplete
   intraoperative data recording (n=3)

• Bagan intervention (n=35)
• Stopped intervention due to incomplete
   intraoperative data recording (n=8)

Figure 2.  Flow diagram. RM – recruitment 
maneuver; SM – sham recruitment 
maneuver; rSO2 – regional oxygen 
saturation; V-MCA – blood flow 
velocity of the middle cerebral artery; 
HR – heart rate; MAP – mean arterial 
pressure.

Variable Overall (n=59)

Age 62±8

Body mass index 25±3

ASA

 II  16 (26%)

 III  43 (73%)

Cerebral infarction  48 (81%)

Hypertension  39 (66%)

Diabetes mellitus  18 (31%)

Coronary heart disease  11 (19%)

Severe stenosis of contralateral ICA  9 (15%)

Collateral circulation  43 (73%)

Recruitment maneuver first  32 (54%)

Table 1. Characteristics of the study population.

Data are expressed as number (percentage) or mean±standard 
deviation for n=59. Hypertension is defined as systolic 
blood pressure between 140 mmHg and 180 mmHg and 
diastolic blood pressure between 90 mmHg and 110 mmHg. 
Severe stenosis of contralateral ICA is defined as stenosis of 
contralateral ICA greater than 70% diagnosed by preoperative 
digital subtraction angiography. Collateral circulation is defined 
as anterior or posterior branches open detected by preoperative 
transcranial color-coded duplex. ASA – American Society of 
Anesthesiologists; ICA – internal carotid artery.
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the V-MCA value was 45±14 cm/s after SM, which was high-
er than the value before (39±11 cm/s; P<0.001). The value of 
PaCO2 was higher after SM (40±6 mmHg) than after RM (31±8 
mmHg; P<0.001). In addition, the changes in the MAP reduced 
significantly at RM maneuver.

Changes in the rSO2 (P=0.276) and V-MCA (P=0.584) during 
RM were similar between patients who underwent the RM first 
and those who underwent the SM first. The comparisons of 
relative changes between the 2 treatment periods are shown 
in Figure 3. Both rSO2 and V-MCA dropped significantly in RM 
compared with those in SM. The relative change in the rSO2 
between RM and SM was -6±4% vs 1±2% (P<0.001). The rela-
tive change in the V-MCA between RM and SM was -26±19% 
vs 19±16% (P<0.001). In addition, during RM maneuver, rela-
tive changes of V-MCA are more significant in the ipsilateral 
side (-26±19%; P=0.001) than the contralateral side (-20±17%). 
Changes in ipsi- and contralateral rSO2 were similar. Relative 
changes in HR and MAP were also affected. During RM, the 
HR changed slightly compared with SM. MAP had a more sig-
nificant decrease during the RM than SM.

The correlation analysis revealed that the changes in MAP were 
correlated with the changes in rSO2 (r, 0.720; P<0.001) and 
V-MCA during RM (r, 0.557; P<0.001). Moreover, the changes 
in rSO2 during RM were correlated with the changes in V-MCA 
(r, 566; P<0.001). In addition, the changes in PaCO2 also corre-
lated with the changes in V-MCA (r, 0.275; P=0.037) (Table 3). 
During SM maneuver, the changes in the variables were not 
correlated with the changes in rSO2 and V-MCA (P>0.05).

Discussion

This study used an intraoperative neuromonitoring technology 
to explore the effects of RM on the cerebral oxygen saturation 
and cerebral blood velocity of patients undergoing CEA. The 
results indicated that RM reduced cerebral oxygen saturation 
by NIRS and cerebral blood velocity by TCD. This study found 
that during RM, the rSO2 and V-MCA relatively decreased by 
6% and 26% from baseline values, respectively. Several stud-
ies considered the relative value of rSO2 and V-MCA that de-
creased by 20% and 50%, respectively, as a cutoff value, which 
indicates insufficient cerebral perfusion which may cause se-
vere cerebral ischemia during CEA [19,27,28]. The reduction 
in rSO2 and V-MCA did not reach the threshold of severe ce-
rebral ischemia in our study. However, changes in rSO2, and 
V-MCA also indicated that RM may affect cerebral perfusion 
in patients with carotid artery stenosis.

Intraoperative NIRS monitoring is increasingly used routine-
ly in various surgery. Several studies have examined the rela-
tionship between intraoperative rSO2 and postoperative neu-
rological complications, particularly neurocognitive outcomes. 
Desaturation of rSO2 increased the risk of postoperative cog-
nitive dysfunction, and was associated with postoperative 
delirium and prolonged intensive care unit (ICU) and hospital 
stay [29,30]. Colak’s [31] study proved that intraoperative rSO2 
monitoring and measures to correct cerebral oxygen desatu-
ration in a timely manner have resulted in a better cognitive 
outcome of patients who underwent coronary artery bypass 
grafting. Deschamps et al [18] established a physiologic algo-
rithmic approach to the reversal of decreases in cerebral oxy-
gen saturation, and it was feasible. They showed that rSO2-ori-
ented perioperative management can avoid further progression 
of cerebral oxygen desaturations and reduce the incidence of 
postoperative complications. Moreover, a systematic review [32] 

Variable Pre-RM Post-RM Pre-SM Post-SM

HR (beat/min) 54±8 53±8* 56±8 56±8

MAP (mmHg) 97±9 71±14* 97±9 100±9

IrSO2 (%) 69±4 64±5* 68±4 69±4

CrSO2 (%) 68±5 65±5* 68±5 69±4

IV-MCA (cm/s) 39±11 29±12* 39±11 45±14**

CV-MCA (cm/s) 47±15 38±15* 47±15 57±19**

PaCO2 (mmHg) 38±4 31±8* 37±4 40±6**

Table 2. Comparison of pre- and post-RM and pre- and post-SM.

* P<0.05, compared with pre-RM; ** P<0.05, compared with pre-SM. CrSO2 – the rSO2 value of the contralateral side; CV-MCA – the 
V-MCA value of the contralateral side; HR – heart rate; IrSO2 – the rSO2 value of the surgical side (ipsilateral rSO2); IV-MCA – the 
V-MCA value of the surgical side (ipsilateral V-MCA); MAP – mean arterial pressure; PaCO2 – arterial partial pressure of carbon dioxide; 
RM –recruitment maneuver; SM – sham maneuver.
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found that intraoperative management guided by the use of 
cerebral oximetry was associated with a reduction in the inci-
dence of postoperative cognitive dysfunction and a significant-
ly shorter length of ICU stay. Various studies reported statisti-
cally significant associations between desaturation duration 
and severe adverse outcome incidence [31,33]. In the present 
study, rSO2 did decrease for a short time; however, whether 
this transient desaturation of rSO2 has an effect on patients 
still needs further research, but prolonged cerebral desatura-
tion during operations was revealed as an important predic-
tor of cognitive decline and should be avoided.

The causes of the rSO2 and V-MCA decrease still need to be 
discussed. RM leads to a decrease in rSO2 and V-MCA, which 
may be related to intracranial pressure (ICP) and CPP. Changes 
in rSO2 and V-MCA were associated with the changes in ICP 

and CPP [34,35]. The change in rSO2 is negatively correlat-
ed with the change in ICP and positively correlated with the 
change in CPP [36,37].

Ludwig et al [35] reported that elevated airway pressure can 
increase ICP and decrease CPP. Bein et al [38] investigated 
the effects of lung RM on ICP and cerebral metabolism in pa-
tients. The peak pressure in that study was up to 60 cmH2O, 
which sustained for 30 s. RM increased ICP and decreased CPP 
and blood oxygen saturation of the jugular vein bulb, indicat-
ing the beginning of cerebral ischemia. However, the present 
study proved that a lower pressure (30 cmH2O) also led to 
a reduction in rSO2, increasing the risk of cerebral ischemia. 
In patients with brain lesions at an increased risk of ARDS, 
lung-protective ventilation contained with RM was applied to 
combine the treatment of hypoxemia. On the one hand, RM 
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Figure 3.  Relative changes in regional cerebral oxygenation (rSO2) and middle cerebral artery blood velocity (V-MCA) ipsilateral to 
the surgical side, mean arterial pressure (MAP), and heart rate (HR) from baseline in response to a recruitment maneuver 
(RM) and sham maneuver (SM), respectively. Changes in ipsilateral side (I) and contralateral side (C) were also compared. 
Values are mean±SD. (A) Changes of rSO2 comparison; # P<0.05, RM-IrSO2 vs SM-IrSO2; 
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(B) Changes of V-MCA comparison; # P<0.05, RM IV-MCA vs SM IV-MCA and RM IV-MCA vs RM CV-MCA; ## P<0.05, SM IV-MCA 
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enhanced oxygenation in patients with brain lesions; on the 
other hand, it increased ICP and decreased CPP [38-40]. The 
patients in this study performed similarly to the patients with 
brain injury during RM.

The high airway pressure and high tidal volume of an RM de-
creased cardiac output and blood pressure, increased ICP, 
decreased CPP, and deteriorated the intracranial blood sup-
ply [41,42]. Dynamic cerebral autoregulation and cerebrovas-
cular carbon dioxide reactivity in CEA patients may be im-
paired by long-term cerebral ischemia in the area supplied by 
the ICA, whereby slight changes in MAP may lead to marked 
changes in cerebral blood flow and affect cerebral perfu-
sion [43,44]. Relative changes of V-MCA on the ipsilateral side 
decreased more than the contralateral side, which might be 
evidence of this.

We found that there was a decrease in MAP, rSO2, and V-MCA 
during RM. Furthermore, similar to other studies, the chang-
es in blood pressure correlated with the changes in the rSO2 
and V-MCA [45]. In addition to MAP, PaCO2 affects rSO2 and 
V-MCA. Mild hypercapnia dilated the cerebral blood vessels 
and increases cerebral blood flow and is associated with the 
increase in rSO2 from the baseline [46,47]. PaCO2, V-MCA, and 
rSO2 were higher after SM than after RM (Table 2); hence, we 

deduced that the changes in V-MCA and rSO2 may be asso-
ciated with the hypercapnia caused by ventilation pause. By 
statistical analysis, we found that the changes in PaCO2 were 
not correlated with the changes in rSO2 and V-MCA during SM. 
However, in the present study, there was a weak correlation 
between change in PaCO2 and change in V-MCA. Because in 
our study we did not measure PaCO2 directly but calculated 
it by the PETCO2 during each treatment period, relationships 
among PaCO2, V-MCA, and rSO2 need further research. The de-
creased rSO2 and V-MCA after RM in our study suggested that 
the significant change in circulation caused by the change of 
airway pressure was a more important factor that affects ce-
rebral blood flow and cerebral oxygenation than the effect of 
carbon dioxide.

The purpose of an RM is to maintain a certain pressure for a 
certain period, reopen collapsed alveoli, and reduce the ad-
verse effects of mechanical ventilation on the lungs. An of-
ten-used protocol for RM is to maintain an airway pressure of 
30-40 cmH2O for 20-30 s, which seems to achieve alveolar re-
tention without barometric injury in animal experiments; its 
effect on improving oxygenation in patients with ARDS has 
also been verified in clinical experiments [48]. In the present 
study, this method was used for RM. Although it was simple 
and effective, our results confirmed that such manipulation 
leads to changes in cerebral oxygen saturation and cerebral 
blood velocity in patients undergoing CEA. Therefore, the RM 
of 30 cmH2O for 30 s should be carefully used for patients with 
carotid artery stenosis undergoing CEA.

All of the observed indicators returned to baseline within 5 
min, but unfortunately the more accurate recovery time was 
not recorded. The recovery time is similar to that of anoth-
er study, showing that the changes in ICP and CPP caused by 
RM return to the baseline value within 2-3 min [40]. NIRS and 
TCD are not the criterion standard in detecting ischemia for 
their intrinsic limitations, but their changes can be used as a 
trend monitor for cerebral perfusion change. Although an RM 
brings benefits, it also can affect cerebral perfusion. Whether 
transient changes in V-MCA and rSO2 caused by an RM have 
long-term effects on patients needs to be further explored.

There are some limitations in this study. First, no specific time 
was observed for each parameter to return to the baseline val-
ue. This study proved only that all the observed parameters 
returned to the baseline value within 5 min. If the parame-
ter has been recorded, the appropriate time for an RM could 
be determined more accurately, thus achieving pulmonary re-
tention and minimizing its impact. Second, we recorded only 
the intraoperative information of this study; a long-term ob-
servation of postoperative recovery was not made. Follow-up 
studies should focus on whether decreased V-MCA and rSO2 
caused by an RM influence the long-term recovery of patients.

Table 3A. Correlation analysis.

RM
rSO2	change	(%)

r value P value

HR change (%) 0.086 0.518

MAP change (%) 0.720 <0.001

PaCO2 change (%) 0.204 0.121

RM
V-MCA	change	(%)

r value P value

HR change (%) 0.036 0.789

MAP change (%) 0.557 <0.001

PaCO2 change (%) 0.275 0.037

rSO2 change (%) 0.566 <0.001

Table 3B. Correlation analysis.

Correlation analysis. Correlation analysis among the changes 
in HR, MAP, PaCO2, rSO2, and V-MCA during the recruitment 
maneuver. P<0.05. HR – heart rate; MAP – mean arterial 
pressure; PaCO2 – arterial partial pressure of carbon dioxide; 
RM – recruitment maneuver; rSO2 – regional oxygen saturation; 
SM – sham maneuver; V-MCA – blood velocity of the middle 
cerebral artery.
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Conclusions

CEA is done to prevent a future stroke. However, owing to the 
particularity of the disease group and the surgery itself, the 
occurrence of pulmonary complications is higher for CEA than 
any other surgery. An RM has been occasionally used in such 
patients. This study revealed that the RM of 30 cmH2O for 30 
s results in hemodynamic fluctuations, reduced MAP, and de-
creased cerebral oxygen saturation monitored by NIRS and 
cerebral blood velocity by TCD. Whether these changes affect 
long-term prognosis is still unclear. Therefore, a study involv-
ing postoperative outcomes is needed.
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