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Abstract
Background: The effects of intravenous and inhalation anesthesia on intraoperative and postoperative
pulmonary inflammatory responses have been reported in many studies. However, the differences in
clinical postoperative pulmonary complications (PPCs) have rarely been studied, except in cases of
lung resection. The main goal of the current study was to assess the impact of sevoflurane and
propofol on the incidence of PPCs in patients undergoing oral and maxillofacial surgery. Methods: In
this double-blind, randomized, controlled trial, we randomly assigned 220 adults at intermediate-tohigh risk of pulmonary complications after oral and maxillofacial surgery to either propofol or
sevoflurane as a general anesthetic. The occurrence of pulmonary complications according to the
Clavien-Dindo score was defined as the primary (within 7 days after surgery) outcome. Results: The
two intervention groups had similar characteristics at baseline. The PPCs incidence during 7 days
after surgery was 32.4% and 18.2% in the propofol and sevoflurane groups, respectively (adjusted
relative risk, 0.44; 95% confidence interval [CI], 0.22 to 0.91; P = 0.027). The corresponding incidence
of PPCs in patients who underwent tracheotomy after surgery was 44.8% and 24.5% (adjusted
relative risk, 0.39; 95% CI, 0.17 to 0.91; P = 0.030). Intergroup difference in the time to occurrence of
the first PPC after surgery was significant (P = 0.021). There was no difference in postoperative
hospital stay between the two groups. Conclusions: Compared with intravenous anesthesia, the
administration of sevoflurane reduces the frequency of PPCs in intermediate-risk and high-risk
patients undergoing oral and maxillofacial surgery with microvascular reconstruction. Trial
registration: Clinical Trail Registration: ChiCTR1800015347; Registered March 25, 2018.

Introduction
Postoperative pulmonary complications (PPCs) are important factors affecting the prognosis of
patients. PPCs prolong hospitalization time and increase hospitalization expenses; severe PPCs
increase the mortality of patients. Oral and maxillofacial surgery is considered a risk factor for PPCs.
The radial forearm, fibula, and anterolateral thigh flaps are usually used for soft tissue and/or bone
tissue repair after tumor resection. Perforator-based free flaps have been increasingly used in the
repair and reconstruction in head and neck surgery. Previous studies have shown that the incidence
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1

of PPCs after free flap surgery is 18.8% to 44.8%,

1,2,3

while that of PPCs in patients undergoing

tracheotomy after surgery is up to 47%.4 It is a key point for anesthesiologists to prevent and reduce
the occurrence of postoperative PPCs.
Propofol and sevoflurane are commonly anesthetics, both of which can effectively maintain general
anesthesia. The choice for anesthesia maintenance is mostly based on the anesthesiologists’ habits
and hospital practice. The incremental value of anesthetics, such as their anti-inflammatory effects,
have also been studied.

5

However, the immunomodulatory effects of anesthetics on the lung mostly

involve biological markers, and not so much PPCs.

6,7

Current research indicates that compared to

propofol, sevoflurane for anesthesia maintenance is more conducive for reducing the incidence of
PPCs after lung or cardiac surgery.

7,8,9

The association with other types of surgery has been rarely

reported and there is no relevant clinical evidence available. Therefore, the effect of anesthetics on
clinical outcomes needs to be explored further. Recently, it has been found that anesthetics can affect
the long-term survival rate of patients.

10,11

The present study was designed to compare the incidence of PPCs in intermediate- and high-risk
patients who received propofol or sevoflurane during oral and maxillofacialsurgery. We hypothesized
that compared to propofol, sevoflurane could improve outcomes after free flap surgery.

Methods
Trial design
This single-center study was conducted by the Department of Anesthesiology, Peking University
Hospital of Stomatology in Beijing, China. Ethics approval was received from the Biomedical Ethics
Committee of Peking University Hospital of Stomatology (Number: PKUSSIRB–201734029) in
December 2017. The trial is registered with the Chinese Clinical Trial Registry (Number:
ChiCTR1800015347). This was a prospective trial with two parallel arms to test the hypothesis of
whether conditioning with sevoflurane leads to fewer PPCs compared to those associated with
propofol within 7 days after surgery. Eligible patients were enrolled and randomly assigned to receive
one of two interventions, sevoflurane or propofol.

Patients
3

The study population comprised 220 patients between March 26, 2018, and March 25, 2019. Written
informed consent was obtained before randomization from each patient. Patients were eligible for
participation in the study if they were older than 18 years and younger than 80 years, were scheduled
to undergo free flap (fibula or forearm) surgery with an expected duration of at least 4 h, and had a
preoperative pulmonary complication risk index (Canet score) exceeding 26 points. The Canet score is
a risk score for pulmonary complications, with a score of 26–44 representing moderate risk and that
of 45 or greater representing high risk.
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Patients were ineligible if they refused to participate in the clinical trial or had a body mass index of
35 or higher, severe chest wall malformation, acute phase of chronic obstructive pulmonary disease
(AECOPD), acute phase of chronic bronchial inflammation, uncontrolled asthma, pulmonary artery
stenosis, pulmonary hypertension and congestive heart failure, complex heart deformities, severe
liver or kidney dysfunction, or a history of mental illness.

Intervention
All patients were managed according to the same anesthesia protocol. Routine hemodynamic
monitoring (continuous 5-lead electrocardiogram, pulse oximetry, and noninvasive blood pressure), as
well as the bispectral index (BIS) (Covidien, USA), was performed and cannulation of the dorsalis
pedis was completed immediately after anesthesia induction.
Anesthesia induction was carried out in both groups with 0.1 mg/kg penehyclidine hydrochloride, 0.05
mg/kg midazolam, 0.3 μg/kg sufentanil, 2 mg/kg propofol, and 0.6 mg/kg rocuronium. The parameters
were volume-controlled ventilation, tidal volume (Vt) of 8 ml/kg, and fraction of inspiration O2 (FiO2)of
0.4–0.5; the respiratory rate was adjusted to maintain an end-tidal carbon dioxide concentration
(ETCO2) between 35 and 45 mmHg.
In the propofol group, anesthesia was maintained by propofol as a target-controlled infusion (2 to 6 μ
g /ml), while in the sevoflurane group, sevoflurane was applied with end-tidal concentrations of 2 to
5%. Analgesia was administered by applying target-controlled infusion of remifentanil up to 6 ng/ml
and or boluses of sufentanil 0.2 to 0.5 μg/kg in accordance with patient needs. Muscle relaxation was
achieved by intermittent injection of rocuronium bromide. The depth of anesthesia was to maintain a
4

BIS between 40 and 60. In patients who underwent surgery for more than 4 h, cefuroxime sodium was
used 30 minutes before surgery and for the fourth hour during surgery.

Randomization and blinding
Randomization was performed by an independent statistician, and random numbers generated by
SAS 8.0 software were used to assign participants randomly (1:1) to either intravenous propofol or
inhalational sevoflurane for maintenance of anesthesia. The codes were kept in sealed envelopes.
Before surgery, these envelopes were provided to the attending anesthesiologist by a researcher not
involved in patient care. Patients and surgeons did not know about the grouping during surgery and
follow-up. In addition, the physicians who conducted follow-up examinations after surgery were
blinded to the group allocation.

Postoperative data
Postoperative patients undergoing tracheotomy (extubation on the fifth day) or endotracheal
intubation (extubation the next morning) according to intraoral conditions were observed for a night
in the post-anesthesia care unit (PACU). All patients were treated with dexmedetomidine sedation (4
µg/ml) in the PACU and intravenous patient-controlled analgesia (PCA) (48 h). If there were no special
circumstances, patients returned to the ward the next morning.
Patients in the ward inhaled hydrocortisone three times a day up to discharge, and the vibrating
sputum clearance device was used until the sixth day after surgery. Patients with forearm flaps were
treated with cefuroxime sodium until the fifth day after surgery. Cefuroxime sodium and ornidazole
were used up to 6 days for patients with fibula flaps after surgery.
Furthermore, when any pulmonary complication was suspected, bedside chest radiography (CXR) was
also performed. The follow-up period was 7 days. Pulmonary complications were classified according
to diagnostic criteria and assessed using the Clavien-Dindo classification, whereby grade 0 indicated
no complication and grade V indicated death.

13,14

PPCs were diagnosed based on objective data such

as blood gas analysis data, complete blood count, X-ray findings, and medical records in real time.
Surgical complications (vascular crisis or hematoma), extrapulmonary complications, hospital stay,
and mortality at 30 days were also recorded.

Statistical analysis
5

The sample size was calculated based on previous studies. The incidence of PPCs after a free flap
surgery in the propofol group was 26%, compared to 54% in the sevoflurane group.

2

Considering that

clinical research mostly involves studies with a small sample, the power is increased as much as
possible to increase the credibility of the results. Therefore, in this study, 95% power was considered.
In order to detect differences, it was necessary to include 90 patients per group with an alpha risk of
2.5% and a beta risk of 5% in a two-tailed comparison. The ratio of the two groups was 1:1.
Considering a 20% loss rate, 110 pairs were enrolled.
Categorical variables were analyzed using the chi-squared test, continuity correction chi-squared test,
or Fisher exact test based on sample size or frequency. The independent t-test was used for normally
distributed continuous variables, and Mann-Whitney U test was used for non-parametric continuous
variables. The relative risk and the 95% confidence interval of the differences were calculated for the
primary outcome. Univariate logistic regression analysis was used to determine relevant baseline
covariates associated with the primary outcome. If P values were less than 0.10 and were clinically
relevant, then adjusted analyses were performed using a multivariate logistic regression model.
Furthermore, the time to occurrence of the PPCs was compared using the Kaplan-Meier estimator, and
the differences between groups were tested by the log-rank test. All analyses were performed using
SPSS version 21.0. A two-sided P value of less than 0.05 was considered to indicate statistical
significance.

Results
Study population
From March 26, 2018, to March 25, 2019, a total of 220 patients were recruited into the study. Eleven
patients in the sevoflurane group and eight in the propofol group were excluded because of protocol
violations. Thus, a total of 201 patients were included in the intention-to-treat analysis and were
followed up for 7 days after surgery (Fig 1). Baseline characteristics were similar between the two
groups (Table 1).

Intraoperative data
Intraoperative characteristics were comparable (Table 2). In particular, there was no difference
between limb ischemia time as well as the duration of surgery and anesthesia. Approximately 52.5%
6

of the patients in the sevoflurane group and 51.0% of those in the propofol group underwent repair of
the defect with a fibula flap. About 53 patients (53.5%) in the sevoflurane group and 58 (56.9%) in
the propofol group underwent tracheotomy after surgery. However, the total dosage of sufentanil and
remifentanil during the operation was lower in the sevoflurane group than in the propofol group. (p <
0.001). In addition, the urine volume in the propofol group was significantly lower than that in the
sevoflurane group. (p < 0.001)

OUTCOMES

Primary Outcome
Pulmonary complications occurred within the first 7 days after surgery in 18 patients (18.2%) in the
sevoflurane group and 33 patients (32.4%) in the propofol group (adjusted relative risk, 0.44; 95%
confidence interval [CI], 0.22 to 0.91; P = 0.027) (Table 3).

Secondary Outcomes
More patients who underwent tracheotomy after surgery in the propofol group showed pulmonary
complications than in the sevoflurane group (adjusted relative risk, 0.39; 95% confidence interval [CI],
0.17 to 0.91; P = 0.030). However, there were no significant differences between the two groups with
respect to tracheal intubation. In addition, the Clavien-Dindo classification showed significant
differences between groups in minor complications (CD I and II) but not in major complications (CD III
to V). The proportion of patients who required postoperative ventilatory assistance for acute
respiratory failure was similar in the sevoflurane and propofol groups (3 of 99 patients [3.0%] vs. 5 of
102 [4.9%]). The PPCs occurred within 7 days after surgery, Kaplan-Meier curves are shown in Figure
2. The differences between groups were statistically significant (p = 0.021). (Fig 2) No differences
were found for hospital stay, extrapulmonary complications, and 30-day mortality (Table 3).

Discussion
This trial suggested that sevoflurane for maintenance anesthesia, in comparison with propofol,
significantly reduced the incidence of postoperative PPCs after oral and maxillofacial surgery. This
finding was in line with that obtained in studies by Conno et al and Gala et al.

7,8

A few randomized

controlled trials (RCTs) involving patients who underwent lung surgery revealed that sevoflurane

7

decreased the incidence of PPCs based on the reduction in the pulmonary inflammatory response,

6

but conflicting data exist, with one study showing no difference in the incidence of major
complications between the two anesthesia regimens after lung surgery.

15

However, previous studies

mainly focused on the effect of the anesthetics on lung ischemia-reperfusion injury, and clinical
evidence that volatile anesthetics prevent PPCs in other types of surgery are still missing. The present
prospective study was the first to compare the effects of the two anesthetics on clinical outcome after
extrathoracic surgery.
The anti-inflammatory effect of sevoflurane could explain the differences in the present study.

16

The

duration of free flap surgery is generally longer than four hours, vascular anastomosis of the flap
needs adequate perfusion, and an expanding volume is often used, and acquisition of forearm or tibial
flaps often results in the effects of limb ischemia-reperfusion injury (IRI) on distant organs (lungs).
Furthermore, patients may require tracheal intubation or tracheotomy for a long time after surgery.
These factors contributed to the intraoperative and postoperative inflammatory response, which may
provoke or aggravate PPCs. The lipopolysaccharide lung injury model in vitro has confirmed the antiinflammatory effects of the carbon trifluoride component (CF3) in sevoflurane.

17

Strosing and

colleagues also reported that the anti-inflammatory and antioxidant effects of inhaled anesthesia play
a protective role in mechanical ventilation lung injury.

18

More in vitro studies have suggested that

volatile anesthetics exert anti-inflammatory effects in lungs, possibly due to the activation of
signaling pathways including GABAA, TLR4-MyD88, ERK1/2/Akt, and others.

19

However, the effect of

anesthetics on the inflammatory response in other types of surgery is controversial.

20.21

In our study,

we found a significant difference in grade I and II PPCs, but no difference in grade III and IV PPCs
between the sevoflurane and propofol groups according to the Clavien-Dindo classification of PPCs.
Therefore, it could be postulated that sevoflurane had a certain anti-inflammatory effect, but could
not prevent the occurrence of severe disease. Moreover, the lack of differences in the need for
ventilation and hospital stays between the two groups could also validate this result.

8

Although we excluded patients with a low risk of PPCs and a larger proportion of patients underwent
tracheotomy, the observed rate of PPCs in our study was slightly lower than that in the previous
study. This finding may be associated with the improvement in operation time, intravascular volume
management, blood loss and transfusion (no patient underwent blood transfusion in this study), etc,
which appear to have an important impact on the risk of PPCs during major surgery.

2,22

Thirty-three

of the 201 patients in our study had postoperative pneumonia (POP), which is inconsistent with
previous reports. Pulmonary edema or respiratory failure were the main types of PPCs in previous
studies.

3,23

Advanced age, male gender, prolonged operation time, tracheotomy, and delayed

mobilization have been identified as risk factors for POP.

24,25

Most of our patients were male (70.7%

vs. 69.6%, respectively), older (mean age 59 years vs 60 years), and underwent tracheotomy after
surgery (53.5% vs 56.9%), which could have been responsible for the high incidence of POP in our
study. Our results further confirmed that tracheotomy was an independent predictor for PPCs (13.3%
vs 35.1%, the incidence of PPCs with endotracheal intubation versus that with tracheotomy after
surgery, respectively).

26

In addition, the time between surgery and the appearance of the first PPCs

was 3 (2 to 4) days, which was in agreement with the results of previous large retrospective studies.
27

Our results showed a significant difference in intraoperative opioid consumption between the two
groups, and it could be argued that the lower opioid consumption in the sevoflurane group is caused
by the analgesic effect of sevoflurane,

28,29

and intraoperative opioid savings are thought to play a

30

However, the multivariate analysis in this study showed

role in lower rates of PPCs development.

that intraoperative opioid dosage did not affect PPCs, which may be correlated with the overall dose
being a low dose, requiring further large-sample studies.

31

In addition, the amount of urine was

significantly greater in the propofol group, but there is no evidence showing that the amount of urine
is associated with PPCs. The age and ASA grade may account for the absence of cerebrovascular
accidents in extrapulmonary complications, but hypotension and delirium occurred in postoperative

9

patients.
The limitations of this study are as follows: (1) For experimental consistency, all flaps in this study
were fibula and forearm, and other types of flaps, such as thigh flap and iliac bone flap, were not
used. Since the first two flaps had limb IRI caused by a tourniquet, their use might have influenced
the incidence of PPCs. (2) This study was aimed at patients with Canet scores indicating intermediate
and high risk, while the low-risk patients were not included, considering the low incidence of PPCs. (3)
This study was a single-center study, and the sample size was not large enough. Because of the
particularity of free flap surgery, there is a certain gap in the operative quantity and quality between
other hospitals. Therefore, further research in the future will take the above factors into account.

Conclusion
Our study provides evidence that administration of sevoflurane reduces the incidence of PPCs in
moderate- and high-risk patients after oral and maxillofacial surgery with free flap reconstruction. In
order to mitigate PPCs and possible sequelae, inhalation anesthesia should be popularized.
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Tables
Table 1. Baseline characteristics of patients in the sevoflurane and propofol groups
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Characteristic

Sevoflurane
(n = 99)

Propofol
(n = 102)

Age (y r), median (IQR)

59(55-64)

61(55-67)

BMI (kg·m-2), median (IQR)

22.8(21.2-24.5)

22.7(20.2-24.6)

Sex: male, n (%)

71(70.7%)

71(69.6%)

26-44

96(97.0%)

98(96.1%)

≥45

3 (3.0%)

4(3.9%)

ASA, n (%)
I–II–III–IV

28(28.3%)
/67(67.7%)/4(4.0%)/0(0%)

30 29.4% /68(66.7%)/4(3.9%)/0(0
%)

Current smoking

39(39.4%)

39(38.2%)

Any alcohol intake

37(37.4%)

27(26.5%)

Hypertension.

30(30.3%)

39(38.2%)

Diabetes mellitus

14(14.1%)

22(21.6%)

Respiratory disease

4(4.0%)

6(5.9%)

Canet points, n (%)

Coexisting condition, n (%)

BMI = body mass index; IQR = interquartile range; ASA = American Society of Anesthesiologists;
Canet points: pulmonary complications risk points; 26-44 points: moderate risk; ≥45 points: high risk.

Table 2 Intraoperative procedures in the sevoflurane and propofol groups

Variable

Sevoflurane

Propofol

(N = 99)

(N = 102)

Type of flap, n (%)
forearm

P value

0.827
47(47.5%)

50(49.0%)
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fibula

52(52.5%)

52(51.0%)

Cervical lymph node
dissection, n (%)

0.344

unilateral

64(64.6%)

68(66.7%)

bilateral

20(20.2%)

25(24.5%)

no

15(15.2%)

9(8.8%)

Crystalloid (ml), median
(IQR)

1700 1700-2200

2200 1700-2200

0.346

Colloid (ml), median (IQR)

500 0-500

500 0-500

0.340

Duration of anesthesia
(min), median (IQR)

375 295-445

360 300-420

0.721

Duration of surgery (min),
median (IQR)

340 264-405

327 260-400

0.673

Duration of limb ischemia
time (min),

54 45-65

51 40-64

0.155

Blood loss (ml), median
(IQR)

300 200-400

300 200-300

0.065

Urine output (ml), median
(IQR)

500 350-650

700 500-912

<0.001

Sufentanil dosage

39.5±17.6

47.6±17.4

<0.001

1.6±0.4

2.3±0.7

<0.001

65.5±11.4

64.3±10.6

0.725

median (IQR)

(μg)
Remifentanil dosage
(mg)
Sufentanil dosage in
PCA(μg)
Postopetative

0.635

tracheotomy, n (%)

53(53.5%)

58(56.9%)

Endotracheal intubation,
n (%)

46(46.5%)

44(43.1%)

Data are expressed as mean ± SD or median (IQR).
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SD = standard deviation; IQR = interquartile range; PCA = patient-controlled analgesia.

The duration of surgery was calculated as the time between skin incision and closure of the incision;
The duration of anesthesia was calculated as the time from the start of induction to the patient
leaving the operating room; The duration of limb ischemia time was calculated as the time from the
beginning of the inflation of the tourniquet in the thigh or forearm to the end of the exhalation of the
tourniquet.

Table 3 Comparisons of the incidence of major complications in the propofol and sevoflurane groups

Variable

Sevoflurane

Propofol

Relative risk

N = 99

N = 102

(95% CI)

P value

Adjusted

P Value

relative risk
or
betweengroup
difference
(95% CI)

Primary
outcome
, n (%)
PPCs Within
7 days

18(18.2)

33(32.4)

0.47(0.240.90)

0.021

11(11.1)

22(21.4)

0.52(0.261.0)

0.045

Secondary
outcomes, n
(%)
Pneumonia
within 7 days
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0.44(0.220.91)

0.027

Atelectasis
within 7 days

4(4.0)

6(5.8)

0.783

Pulmonary
edema within
7 days

2(2.0)

2(1.9)

1.0

Pulmonary
embolism
within 7 days

1(1.0)

0(0)

0.988

Pleural
effusion

2(2.0)

4(3.9)

0.706

6(6.1)

9(8.7)

0.456

81-14-3-1

69-24-7-2

0.140

Need for
ventilation
within 7 days

3(3.0)

5(4.9)

0.715

PPCs in
tracheotomy

13(24.5)

26(44.8)

PPCs in
endotracheal
intubation

5(10.8)

7(15.9)

0.588

Clavien
Dindo

11/12/3/3/0

16/23/5/5/0

0.965

0 vs I+ II

70/23

55/38

0.019

0+ I + II vs III
+IV +V

93/6

93/9

0.456

The time to
first PPCs

3(2-4)

3(2-4)

0.021

Hematoma or
vascular
crisis
exploration

3(3.0)

5(4.9)

0.751

Postoperative

4(4.0)

3(2.9)

0.968

within 7 days
Respiratory
failure
within 7 days
Patients with
0–1–2–>2
PPCs

0.40(0.180.90)

0.025

I/II/III/IV/V

Extrapulmon
ary
complication
s, n (%)

hypotension
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0.39(0.170.91)

0.030

Postoperative
delirium

4(4.0)

3 (2.9)

0.968

30-day
mortality

0(0)

0(0)

1

Hospital stay
(days)

9(8-10)

9(8-11)

0.989

median (IQR)

Data are expressed as mean (SD) or median (IQR); PPCs = postoperative pulmonary complications.

Adjusted for variables (hypertension, diabetes mellitus, tracheotomy/endotracheal intubation,
duration of limb ischemia, duration of anesthesia, duration of surgery, type of flap).
Figures

Figure 1
A total of 220 patients were enrolled according to the inclusion and exclusion criteria and
randomized. Nineteen patients were excluded due to operative time and intraoperative
replacement of other types of flaps. A total of 201 patients were followed up and underwent
intention-to-treat analysis.

Figure 2
Kaplan-Meier curve representing the time to occurrence of PPCs after surgery between the
sevoflurane group and the propofol group (P = 0.021, log-rank test).
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