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Abstract: Objective: To investigate the effect of individualized positive end-expiratory pressure (PEEP) titration on 
intraoperative respiration and circulation in elderly patients undergoing spinal surgery in prone position under gen-
eral anesthesia. Methods: We prospectively selected 80 elderly patients (39 males and 41 females) aged over 
65 years old, at American Society of Anesthesiologists (ASA) grade II or III, who underwent elective prone spinal 
surgery under general anesthesia, for this study. These patients were randomly divided into titration group and 
control group, with 40 cases in each group. PEEP of the titration group was increased from 0 to 20 cmH2O by steps 
of 2 cmH2O. For the control group, PEEP was constantly at 5 cmH2O and ventilation was maintained throughout the 
surgery. Dynamic pulmonary compliance (Cdyn) measurements were recorded when each PEEP level was kept for 
1 min during titration, and individualized PEEP was determined by maximal Cdyn. MAP (mean arterial pressure), 
heart rate (HR), and CVP (Central venous pressure) were recorded at the set of prone position (T0), PEEP ventilation 
for 10 min (T1), 30 min (T2), 60 min (T3), end of surgery (T4), and 20 min after extubation (T5). Mean airway pressure 
(Pmean) and Cdyn were recorded from T0 to T4. Blood gas analysis was performed from T0 to T5 to calculate intra-
pulmonary shunt fraction (Qs/Qt) and OI (PaO2/FiO2). The rate of phenylephrine use during mechanical ventilation 
and the incidence of postoperative pulmonary complications were also recorded. Results: The individualized PEEP 
obtained by titration for 1 min in the titration group was (12.38±2.67) cmH2O, which was significantly higher than 
the 5 cmH2O in constant PEEP of the control group (P<0.05). There was no significant difference in MAP, HR, and 
CVP between the two groups at different time points, and no significant difference was noted in Pmean between the 
two groups from T0 to T4 (all P>0.05). From T2 to T4, Cdyn was significantly higher, and Qs/Qt was lower in the titra-
tion group than those in the control group (all P<0.05). From T2 to T5, the OI in the titration group was significantly 
higher than that in the control group (P<0.05). The rate of phenylephrine use was significantly higher in the titration 
group than that in the control group (10 patients (25%) vs. 3 patients (8%), P<0.05). The incidence of postoperative 
pulmonary complications in the titration group was significantly lower than that in the control group (2 cases (5%) 
vs. 8 cases (20%), P<0.05). Conclusion: Compared with a constant PEEP of 5 cmH2O, intraoperative individualized 
PEEP titration in elderly patients undergoing spinal surgery in prone position can improve oxygenation, reduce intra-
pulmonary shunt and postoperative pulmonary complications. (Chinese Clinical Trial Registry, registration number 
ChiCTR2000040722, https://www.chictr.org.cn).
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Introduction

In general anesthesia, due to inhalation of high 
concentration of oxygen, myosin drugs and 
mechanical ventilation can lead to persistent 
pulmonary atelectasis and postoperative pul-
monary complications (PPCs) which may pro-

long hospital stays and increase mortality. 
Besides, elderly patients represent a great 
majority of patients with spinal diseases, and 
with a decrease in pulmonary function and lon-
ger operation time, they can easily develop 
respiratory and circulatory diseases and atelec-
tasis, resulting from increased thoracoabdomi-
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nal pressure and anomalous vena caval return 
caused by prone position during operation [1].

Atelectasis is one of the common complica-
tions in patients undergoing surgery in the 
prone position, which can be effectively pre-
vented by lung-protective ventilation strategy 
(LPVS) [2-4]. LPVS refers to a respiratory sup-
port strategy to reduce alveolar overexpansion, 
prevent collapse, and bring down the incidence 
of ventilator-associated lung injury under the 
premise of maintaining adequate oxygenation, 
so as to protect and improve pulmonary func-
tion, reduce pulmonary complications and 
decrease the mortality of surgical patients. 
Such strategy mainly consists of low tidal vol-
ume, individualized and moderate positive end-
expiratory pressure (PEEP), intermittent lung 
recruitment and low FiO2, with other auxiliary 
measures including prone position ventilation, 
high-frequency oscillatory ventilation and liquid 
ventilation. 

Positive end-expiratory pressure (PEEP), espe-
cially individualized PEEP, during which a cer-
tain pressure in the end-expiratory airway is 
maintained under the premise of intermittent 
positive pressure ventilation, is critical for pro-
tecting lung ventilation [5]. However, general 
and fixed PEEP is not applicable for all patients 
because of individual differences. As too low 
PEEP cannot keep the alveoli fully open, effec-
tively improve oxygenation and avoid complica-
tions such as atelectasis. In addition, exces-
sive-high PEEP may lead to overexpanded pul-
monary alveoli, increase the risk of lung injury 
and have a greater impact on circulation [6]. 
Therefore, individualized PEEP has become a 
major focus in recent studies, including app- 
roaches aiming at optimal oxygen, P-V curve, 
optimal pulmonary compliance, pulmonary 
stress index, transpulmonary pressure and 
electrical impedance tomography. Individua- 
lized PEEP titration, which often uses dynamic 
pulmonary compliance (Cdyn) as a clinical indi-
cator, can minimize intrapulmonary shunting 
and increase oxygen partial pressure [7, 8].

For elderly patients, there is no consensus on 
whether protective ventilation PEEP can bring 
some benefits. In recent years, the choice of 
spinal surgery in elderly patients has attracted 
more and more attention. Most spinal surgery 
requires reclining, which can significantly 
reduce lung function and cause respiratory 
complications associated with surgery. Based 

on this, this study investigated the effect of 
Cdyn for individualized PEEP titration on respi-
ration and circulation in elderly patients under-
going spinal surgery in the prone position under 
general anesthesia. The study was a prospec-
tive, single-center, randomized controlled ex- 
periment.

Materials and methods

General data

This prospective, single-center, randomized 
controlled experiment was approved by the 
hospital Ethics Committee, and signed inform- 
ed consent was obtained from all patients. We 
prospectively included 80 elderly patients (39 
males and 41 females) aged over 65 years old, 
who underwent elective prone spinal surgery 
under general anesthesia from February 2020 
to June 2021, in this study.

Inclusion criteria: Patients at ASA grade II to III, 
with no obvious heart and lung disease; Pati- 
ents aged over 65 years old; and Patients with 
a body mass index of 18.5 to 28.0 kg/m2. 
Exclusion criteria: Patients with chronic lung 
diseases including chronic obstructive pulmo-
nary disease and lung cancer; Patients with 
conditions that may affect the compliance of 
the respiratory system such as thoracic defor-
mity, pneumothorax, and massive pleural effu-
sion; Patients with severe liver and kidney dys-
function, cardiovascular and cerebrovascular 
diseases; Patients with a forced expiratory vol-
ume in the first second/forced vital capacity 
(FEV1/FVC) ratio <70%; Patients with a smok- 
ing history within 8 weeks before surgery; and 
Patients who refused to participate in the 
experiment by themselves or their families. 
Eliminate criteria: Patients with a peak airway 
pressure (Ppeak) >40 cmH2O during individual-
ized PEEP titration; Patients with time of opera-
tion <2 h or >6 h; Patients with intraoperative 
hemorrhage, anaphylactic shock or other seri-
ous complications; or Patients who presented 
to ICU.

Anesthesia

Peripheral oxygen saturation (SpO2), electrocar-
diographic (ECG) and MAP (mean arterial pres-
sure) were monitored after admission. Right 
radial artery puncture was performed under 
local anesthesia to monitor invasive arterial 
pressure. Patients breathed pure oxygen spon-
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taneously through a facial mask for 5 min. Then 
anesthesia was induced with 0.25 to 0.30 μg/
kg of sufentanil (Hubei Yichang Humanwell 
Pharmaceutical Co., Ltd., China), 0.20 to 0.30 
mg/kg of etomidate (Jiangsu Nhwa Pharma- 
ceutical Co., Ltd., China), and 0.60 mg/kg of 
rocuronium (Jiangsu Dongying Pharmaceutical 
Co., Ltd., China). After successful endotracheal 
intubation, volume-controlled mechanical ven-
tilation was performed with a Primus anesthe-
sia machine. Ventilation was set at a tidal vol-
ume (VT) of 6 mL/kg (standard weight), 60% 
FiO2, fresh gas flow of 1 L/min, and an I:E ratio 
of 1:2. The respiratory rate (RR) was adjusted 
to maintain the partial pressure end-tidal car-
bon dioxide (PETCO2) at 30 to 35 mmHg. 
Anesthesia was maintained by intravenous 
pump injection of 3 to 4 mg/kg/h propofol 
(Beijing Fresenius Kabi Pharmaceutical Co., 
Ltd., Germany) and 4 to 8 μg/kg/h remifentanil 
(Hubei Yichang Humanwell Pharmaceutical Co., 
Ltd., China). Bispectral index (BIS) value was 
maintained at 40 to 60, with intermittent intra-
venous injection of 0.20 mg/kg rocuronium to 
keep train of four (TOF) count at 0 to 1. 
Compound sodium lactate (Guangdong Otsuka 
Pharmaceutical Co., Ltd., China) at a dose of 10 
to 20 mL/kg/h was adopted for fluid replace-
ment. Central venous pressure (CVP), PETCO2, 
mean airway pressure (Pmean), and Cdyn were 
monitored during surgery.

Grouping and treatment

The patients were randomly divided into two 
groups by random number table: the titration 
group and the control group. In the titration 
group, patients were adjusted to a prone hori-
zontal position, MAP was recorded before the 
start of surgery, and individualized PEEP titra-
tion was conducted. PEEP of the titration group 
was increased from 0 to 20 cmH2O by steps of 
2 cmH2O every 2 min [9, 10]. The results of the 
preliminary test showed that there was no sig-
nificant difference in Cdyn and oxygenation 
index (OI) when each PEEP level was kept for 1 
min and 2 min. Therefore, in this study, end-
expiratory Cdyn at each PEEP level maintained 
for 1 min during titration was documented, and 
individualized PEEP was determined by maxi-
mal Cdyn. Individualized PEEP ventilation was 
maintained in the titration group until the end 
of surgery. For the control group, PEEP was kept 
constantly at 5 cmH2O and ventilation was 
maintained throughout the surgery. The control 

group was ventilated with PEEP 5 cmH2O until 
the end of surgery. When the decrease in MAP 
exceeded 10% of the baseline value during sur-
gery, 0.1 mg intravenous bolus of phenyleph-
rine (Shenyang No. 1 Pharmaceutical Co., Ltd., 
China) was given.

Outcome measures

Primary outcome measures: Cdyn and MAP 
were recorded at 1 min of titration at each 
PEEP level in the titration group, and the intra-
pulmonary shunt fraction (Qs/Qt) and OI were 
calculated. Hemodynamic index including MAP 
(mean arterial pressure), heart rate (HR), and 
CVP (Central venous pressure) was recorded 
when the prone position (T0) was set up, and 
PEEP-based ventilation was continued for 10 
min (T1), 30 min (T2), 60 min (T3), end of surgery 
(T4), and 20 min after extubation (T5). Respira- 
tory mechanics including mean airway pres-
sure (Pmean) and Cdyn were recorded from T0 
to T4. Radial artery blood and central venous 
blood of 1 mL each were collected from T0 to T5 
for arterial blood gas (ABG) and mixed central 
venous blood gas (cVBG) analysis using a blood 
gas analyzer (Osmetech OPTI CCA, USA). Then 
the blood PH value, partial pressure of carbon 
dioxide (PaCO2), hemoglobin (Hb), partial pres-
sure of oxygen (PaO2), arterial oxygen satura-
tion (SaO2), mixed venous oxygen saturation 
(SvO2) and venous partial pressure of oxygen 
(PvO2) were recorded to calculate Qs/Qt and OI 
values. The calculation formula is as follows: 
Alveolar-arterial oxygen partial pressure differ-
ence (A - aDO2) = ((PB - PH2O) * FiO2 - PaCO2/R) 
- PaO2

Arterial oxygen content (CaO2) = (Hb + 1.34) * 
SaO2 + PaO2 * 0.0031

Mixed venous oxygen content (CvO2) = (Hb + 
1.34) * SvO2 + PvO2 * 0.0031

Qs/Qt = P (A - a) DO2 * 0.0031/P (A - a) DO2 * 
0.0031 + (CaO2 - CvO2) * 100%

OI = PaO2/FiO2

Secondary outcome measures: The patients’ 
blood flow mechanics indicators (including 
MAP, HR, and CVP) at pitch position T0, T1,  
T2, T3, T4, and T5 were recorded. The rate of 
phenylephrine use during mechanical ventila-
tion and the occurrence of postoperative pul-
monary complications were also documented, 
including respiratory tract infection, pneumo-
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thorax, pleural effusion, respiratory failure, and 
bronchospasm.

Statistics

Statistical analysis was performed using SPSS 
20.0 software. According to the results of the 
preliminary test with α = 0.05 and statistical 
power (1 - β) = 0.8, the minimum sample size 
was calculated to be 32 for each group. 
Considering a 20% loss rate of follow-up, 40 
patients were included in each group. For nor-
mally distributed measurement data express-
ing as mean ± standard deviation (

_
x±sd), inde-

pendent samples t-test was performed for com-
parison between groups, and repeated mea-

lactate between the two groups (all P>0.05). 
See Table 1. In the titration group, the individu-
alized PEEP obtained by titration for 1 min was 
(12.38±2.67) cmH2O.

Comparison of Cdyn, MAP and OI at 1 min of 
titration for each PEEP level in the titration 
group

Compared with PEEP = 0, Cdyn and OI were  
significantly higher at PEEP levels of 12, 14,  
16 and 18 cmH2O (all P<0.05) and MAP was 
significantly lower at PEEP levels of 16, 18 and 
20 cmH2O (all P<0.05) in the titration group. 
Among them, OI was highest at PEEP levels of 
12, 14 cmH2O. See Table 2.

Table 1. Comparison of general data between the two groups
Characteristics Titration group (n = 40) Control group (n = 40) t/χ2 P
Male/Female (n) 18/22 21/19 0.450 0.502
Age (years) 68.2±6.4 67.7±6.8 0.339 0.736
BMI (kg/m2) 26.81±4.32 25.73±3.50 1.255 0.213
ASA II/III grade (n) 16/24 18/22 0.205 0.651
Mechanical ventilation (h) 3.11±0.80 3.23±0.71 -0.595 0.554
Operation time (h) 2.43±0.52 2.54±0.63 -0.810 0.421
FEV1/FVC (%) 87.12±4.93 86.74±5.23 0.354 0.724
Propofol (mg) 258.62±37.51 267.32±41.84 -0.980 0.330
Remifentanil (μg) 185.32±77.95 173.62±82.43 0.653 0.516
Compound sodium lactate (mL) 363.71±87.33 382.34±90.52 -0.936 0.352
Note: BMI: body mass index; ASA: American Society of Anesthesiologists; FEV1/FVC: forced expiratory volume in the first sec-
ond/forced vital capacity. χ2: Chi-square test value; t: t-test value.

Table 2. Comparison of Cdyn, MAP and OI at 1 min of titra-
tion for each PEEP level in the titration group (

_
x±sd, n = 

40)

PEEP (cmH2O) Cdyn (mL/cmH2O) MAP (mmHg) OI (mmHg)

0 24.89±4.78 83.76±8.34 362.41±64.78
2 24.98±5.00 83.11±7.80 367.98±65.00
4 25.44±4.85 82.97±8.23 370.44±64.85
6 25.83±5.80 82.22±7.80 374.33±75.80
8 26.77±5.78 82.01±7.87 377.64±71.78
10 27.03±5.53 81.62±7.85 389.93±61.53
12 29.49±6.07* 81.27±9.23 422.49±46.07*

14 29.81±5.39* 80.83±7.39 427.81±55.39*

16 28.86±5.36* 79.96±8.63* 399.86±75.36*

18 27.89±5.40* 78.44±7.68* 391.49±57.40*

20 27.11±5.69 77.63±9.37* 380.13±65.69
Note: 1 mmHg = 0.133 KPa; 1 cmH2O = 0.098 KPa. Compared with PEEP 
= 0 in the titration group, *P<0.05. PEEP: positive end-expiratory pressure; 
Cdyn: dynamic pulmonary compliance; MAP: mean arterial pressure; OI: 
oxygenation index.

sures ANOVA followed with Bonfer- 
roni test was conducted for within-
group comparison. For enumeration 
data expressing as case (%), χ2 test 
or Fisher’s exact probability test was 
employed for between-group com-
parisons. Statistical differences were 
accepted at P<0.05.

Results

Comparison of general data be-
tween the two groups

A total of 80 patients were included, 
with 40 patients in each group, and 
no patients lost to the study. There 
was no significant difference in gen-
der, age, BMI, ASA grade, duration  
of mechanical ventilation, operation 
time, FEV1/FVC, doses of propofol, 
remifentanil and compound sodium 
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Comparison of MAP, HR and CVP at different 
time points between the two groups

There was no significant difference in MAP, HR, 
and CVP between the two groups at different 
time points (all P>0.05). See Table 3 and Figure 
1.

Comparison of Pmean and Cdyn at different 
time points between the two groups

There was no significant difference in Pmean 
between the two groups from T0 to T4 (all 
P>0.05). At T0 and T1, no significant difference 
was observed in Cdyn between the two groups 
(all P>0.05). The titration group has significant-
ly higher Cdyn than the control group from T2 to 
T4 (all P<0.05). See Table 4 and Figure 2.

Comparison of Qs/Qt and OI at different time 
points between the two groups

There was no significant difference in Qs/Qt 
between the two groups at T0, T1, and T5 (all 
P>0.05). Qs/Qt was significantly lower in the 
titration group than in the control group from T2 
to T4 (all P<0.05). No significant difference was 
found in OI between the two groups at T0 and T1 
(all P>0.05). The OI in the titration group was 
significantly higher than that in the control 
group from T2 to T5 (all P<0.05).

Compared with T1, Qs/Qt was significantly lower 
and OI was significantly higher in the titration 
group from T2 to T4 (P<0.05). See Table 5 and 
Figure 3.

Figure 1. Comparison of MAP, HR and CVP at dif-
ferent time points between the two groups. A: Com-
parison of MAP at different time points between 
the two groups; B: Comparison of HR at different 
time points between the two groups; C: Compari-
son of CVP at different time points between the 
two groups. MAP: mean arterial pressure; HR: 
heart rate; CVP: central venous pressure.

Table 3. Comparison of MAP, HR and CVP at different time points between the two groups (
_
x±sd)

Indicators n T0 T1 T2 T3 T4 T5

MAP (mmHg)
    Titration group 40 74.82±8.53 84.94±13.92 76.15±8.80 80.52±8.76 84.51±13.44 85.56±12.08
    Control group 40 77.61±10.02 86.63±16.27 80.16±12.54 84.83±10.61 86.90±9.93 86.91±9.98
HR (beats/min)
    Titration group 40 60.03±7.42 71.81±14.66 72.13±9.92 71.56±11.03 75.62±12.61 84.93±12.11
    Control group 40 63.92±9.33 73.82±12.69 75.84±11.78 74.22±11.27 75.68±13.56 83.85±14.16
CVP (cmH2O)
    Titration group 40 6.86±2.04 8.62±2.53 9.82±2.51 9.46 ±2.13 7.58±1.96 5.67±2.42
    Control group 40 6.36±2.39 8.51±2.27 8.76±1.89 8.55±1.76 7.62±2.35 5.73±1.86
Note: 1 mmHg = 0.133 KPa; 1 cmH2O = 0.098 KPa. MAP: mean arterial pressure; HR: heart rate; CVP: central venous pres-
sure; T0: prone position; T1: PEEP ventilation for 10 min; T2: PEEP ventilation for 30 min; T3: PEEP ventilation for 60 min; T4: at 
the end of surgery; T5: 20 min after extubation.
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Table 4. Comparison of Pmean and Cdyn at different time points between the two groups (
_
x±sd)

Indicators n T0 T1 T2 T3 T4

Pmean (cmH2O)
    Titration group 40 17.44±2.12 18.61±3.11 19.83±2.86 19.75±2.65 18.56±3.21
    Control group 40 16.26±2.41 19.23±3.24 20.47±4. 55 21.37±4.16 17.74±3.18
Cdyn (mL/cmH2O)
    Titration group 40 24.88±7.84 26.59±9.47 30.56±4.99* 30.78±4.46* 31.26±5.86*

    Control group 40 25.09±9.32 25.87±9.62 26.03±5.52 25.81±5.39 27.62±5.23
Note: 1 mmHg = 0.133 KPa; 1 cmH2O = 0.098 KPa. Compared with control group, *P<0.05. Pmean: mean airway pressure; 
Cdyn: dynamic pulmonary compliance; T0: prone position; T1: PEEP ventilation for 10 min; T2: PEEP ventilation for 30 min; T3: 
PEEP ventilation for 60 min; T4: at the end of surgery.

Figure 2. Comparison of Pmean and Cdyn at different time points between the two groups. A: Comparison of Pmean 
at different time points between the two groups; B: Comparison of Cdyn at different time points between the two 
groups. Compared with control group, *P<0.05. Pmean: mean airway pressure; Cdyn: dynamic pulmonary compli-
ance.

Table 5. Comparison of Qs/Qt and OI at different time points between the two groups (
_
x±sd)

Indicators n T0 T1 T2 T3 T4 T5

Qs/Qt
    Titration group 40 9.78±4.54 9.56±3.39 8.01±3.43*,# 7.81±3.72*,# 7.21±4.64*,# 8.19±4.42
    Control group 40 10.16±3.96 9.74±3.32 9.67±3.57 9.48±3.64 9.36±4.92 9.65±4.31
OI (mmHg)
    Titration group 40 354.50±67.48 389.43±78.94 422.16±59.95*,# 431.53±60.40*,# 442.91±61.67*,# 415.91±53.51*

    Control group 40 355.97±69.34 380.81±79.62 389.82±51.78 394.43±67.32 402.22±66.48 383.64±54.19
Note: 1 mmHg = 0.133 KPa; 1 cmH2O = 0.098 KPa. Compared with the control group, *P<0.05; compared with T1 of the titrition group, #P<0.05. 
Qs/Qt: intrapulmonary shunt fraction; OI: oxygenation index; T0: prone position; T1: PEEP ventilation for 10 min; T2: PEEP ventilation for 30 min; T3: 
PEEP ventilation for 60 min; T4: at the end of surgery; T5: 20 min after extubation.

Figure 3. Comparison of Qs/Qt and OI at different time points between the two groups. A: Comparison of Qs/Qt at 
different time points between the two groups; B: Comparison of OI at different time points between the two groups. 
Compared with the control group, *P<0.05; compared with T1 of the titration group, #P<0.05. Qs/Qt: intrapulmonary 
shunt fraction; OI: oxygenation index.
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Comparison of phenylephrine usage and post-
operative pulmonary complications between 
the two groups

Significantly higher rate of phenylephrine use 
was observed in the titration group than in the 
control group (10 patients (25%) vs. 3 patients 
(7.5%), P<0.05). The incidence of pulmonary 
complications after surgery in the titration 
group was significantly lower than that in the 
control group (2 cases (5%) vs. 8 cases (20%), 
P<0.05). See Table 6.

Discussion

Currently, perioperative lung protective ventila-
tion strategies mainly include small tidal vol-
ume, moderately positive end expiratory pres-
sure, intermittent lung recruitment, low driv- 
ing pressure, permissive hypercapnia, and low 
inspired oxygen concentration [9]. Among  
them, the use of small tidal volume has been 
proven to improve the prognosis of patients, 
but if a certain level of PEEP is not applied at 
the same time, the protective benefits of small 
tidal volume ventilation may be reduced or 
even disappear [10]. Simple low tidal volume 
ventilation can increase alveolar instability, 
cause atelectasis, and cause ventilation-perfu-
sion ratio imbalance. PEEP can re-open the  
collapsed lung tissue during mechanical venti-
lation and keep the alveoli open throughout 
ventilation [11]. How to get the optimal PEEP is 
still controversial. Lung compliance refers to 
the change in lung volume caused by a change 
in unit pressure, which represents the effect of 
changes in thoracic pressure on lung volume 
[12]. There are literatures suggesting that in 
mechanical ventilation, the individualized PEEP 
level can be determined based on dynamic 
lung compliance [13], that is, the PEEP pres-
sure produced on maximum dynamic compli-

ance. In this study, individualized PEEP was 
titrated based on Cdyn under a small tidal vol-
ume (6 mL/kg) to study the effect of general 
anesthesia on the respiratory function of elder-
ly patients undergoing prone spine surgery.

When the patient lies in prone position, the 
dynamic compliance of the lung decreases, 
indicating alveolar collapse, and appropriate 
PEEP can restore the collapsed alveoli [14].  
The results of our study showed that com- 
pared with fixed PEEP, individualized PEEP 
(12.38±2.67) cmH2O titrated according to  
Cdyn contributes to higher OI, lower Qs/Qt, 
more open alveoli without increasing pulmo-
nary vascular resistance, thereby improving  
the proportion of ventilatory blood flow. When 
Cdyn gradually increases, it indicates that alve-
oli are increasingly re-expanded; while when 
Cdyn peaks and begins to decrease, it implies 
that the alveolar recruitment reaches its maxi-
mum level, and higher barometric pressure 
may aggravate airway and alveolar injury [15, 
16]. Some studies have adopted PEEP at 12 
cmH2O as a means of lung recruitment and 
achieved significant results [17, 18]. In this 
study, Cdyn was higher in patients with individ-
ualized PEEP than those with fixed PEEP at 30 
and 60 min of ventilation as well as at the end 
of surgery. Such result is consistent with the 
research of Sérgio et al. and also in line with 
relative theory [19]. In conclusion, compared 
with 5 cmH2O fixed PEEP, the application of in- 
dividualized PEEP to elderly patients undergo-
ing prone spine surgery can significantly in- 
crease the partial pressure of arterial oxygen 
and improve oxygenation.

When higher PEEP ventilation is applied, de- 
creased blood pressure may occur due to an 
increase in intrathoracic pressure and a de- 
cline in returned blood volume, which necessi-
tates close monitoring of circulation during 
PEEP for pulmonary recruitment maneuver 
[20]. Intraoperative hypotension is an impor-
tant factor affecting the prognosis of surgery. 
Referring to recent guidelines for blood pres-
sure control, phenylephrine was used in this 
study to increase blood pressure when MAP 
was reduced by 10%, in order to attenuate  
the effect of titration process on circulation 
[21]. In this study, the rate of phenylephrine  
use was significantly higher in patients with 
individualized PEEP titration than in patients 

Table 6. Comparison of phenylephrine usage 
and postoperative pulmonary complications 
between the two groups (n = 40, n, %)

Group Phenylephrine 
usage

Pulmonary 
complications

Titration group 10 (25) 2 (5)
Control group 3 (7.5) 8 (20)
χ2 4.501 4.114
P 0.034 0.043
Note: χ2: Chi-square test value.
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with fixed PEEP. Studies [22, 23] have shown 
that PEEP<10 cmH2O has little effect on hemo-
dynamics, PEEP at 20 cmH2O can cause a  
certain degree of decrease in blood pressure 
[15], but when PEEP reaches 30 cmH2O, it will 
cause a significant decrease in cardiac index 
[24, 25], so 20 cmH2O is often used as the 
highest level of titrated PEEP in clinical prac-
tice. In the study, decreased MAP in patients 
with titrated PEEP was mainly noticed when the 
PEEP value reached between 16 to 20 cmH2O. 
During PEEP titration, MAP decreases as PEEP 
increases. Although the change in MAP is less 
correlated with the change in PEEP, this study 
shows that significant change in PEEP has a 
certain impact on hemodynamics. Compared 
with 5 cmH2O PEEP, the application of individu-
alized PEEP did not have a differential impact 
on hemodynamics, while the PEEP titration  
process has a certain effect on hemodynamic 
stability.

Postoperative pulmonary complications are an 
important factor affecting the prognosis of 
patients. In this study, postoperative pulmo-
nary complications were mainly pleural effu-
sion, followed by pulmonary infection, which 
was consistent with the main classification of 
postoperative pulmonary complications [26]. 
The patients titrated with individualized PEEP 
had significantly fewer postoperative pulmo-
nary complications than patients with fixed 
PEEP. Thus, individualized PEEP is superior to 
fixed PEEP in terms of improving patient’s 
outcomes.

Currently, in studies of individualized PEEP  
titration, there is no uniformity concerning the 
duration of each PEEP level, which varies from 
30 s to 10 min [27, 28]. The compliance curve 
needs to be completed during titration. How- 
ever, during PEEP titration, due to the fact that 
the Cdyn of patients has been dynamically 
changing because of surgical procedures, very 
short expiratory time increases the difficulty of 
determining true Cdyn, and prolonged time 
interval not only increases the duration of titra-
tion, but also raises the risk of lung injury and 
hypotension [29, 30]. The results of this study 
revealed that satisfactory individualized PEEP 
could be obtained with each level lasting for 1 
min during titration, which had little effect on 
respiration and circulation. Although individual-
ized PEEP titration was performed at the begin-
ning of surgery, the ventilatory function of the 

lung will be changed during mechanical ventila-
tion. Therefore, the required PEEP level may 
vary after prolonged surgery. Since inflamma-
tory indicators were not measured in this  
study, their effect on PEEP setting needs to be 
further validated. This study is a single-center 
randomized controlled clinical trial with a small 
sample size. In addition, further investigation 
should be focused on individualized PEEP in 
obese, young, and middle-aged patients during 
spinal surgery in prone position.

Taken together, compared with a constant 
PEEP of 5 cmH2O, individualized PEEP titration 
with each PEEP level merely kept for 1 min dur-
ing titration in elderly patients undergoing spi-
nal surgery in prone position can better impro- 
ve oxygenation, reduce intrapulmonary shunt 
and postoperative pulmonary complications.
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