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Abstract

Background: This study was designed to examine extubation time and to determine its association with postopera-
tive pneumonia (POP) after meningioma resection.

Methods: We studied extubation time for 598 patients undergoing meningioma resection from January 2016 to
December 2020. Extubation time was analysed as a categorical variable and patients were grouped into extubation
within 21 minutes, 21-35 minutes and > 35 minutes. Our primary outcome represented the incidence of POP. The
association between extubation time and POP was assessed using multivariable logistic regression mixed-effects
models which adjusted for confounders previously reported. Propensity score matching (PSM) was also performed at
a ratio of 1:1 to minimize potential bias.

Results: Among 598 patients (mean age 56.1 £ 10.7 years, 75.8% female), the mean extubation time was 32.4 min-
utes. Extubation was performed within 21 minutes (32.4%), 21-35 minutes (31.2%) and > 35 minutes (36.4%), respec-
tively, after surgery. Older patients (mean age 57.8 years) were prone to delayed extubation (> 35min) in the operat-
ing room, and more inclined to perioperative fluid infusion. When extubation time was analysed as a continuous
variable, there was a U-shaped relation of extubation time with POP (P for nonlinearity = 0.044). After adjustment for
confounders, extubation >35 minutes was associated with POP (odds ratio [OR], 2.73 95% confidence interval [Cl],
1.36~5.47). Additionally, the results after PSM were consistent with those before matching.

Conclusions: Delayed extubation after meningioma resection is associated with increased pneumonia incidence.
Therefore, extubation should be performed as early as safely possible in the operation room.
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Background

Meningioma is the most common primary brain tumor,
accounting for about 30% of central nervous sys-
tem (CNS) tumors in adults [1]. For tumors that are
growing or causing symptomatology, maximal surgi-
cal resection under general anaesthesia with intubation
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respiratory, which in turn may reduce brain functions [3].
Thus, the incidence of postoperative pneumonia (POP) is
high after craniotomy.

POP, one of the most common postoperative pulmo-
nary complications (PPCs) after surgery, not only pro-
longs the hospital stay, but even increases the risk of
other severe complications and postoperative mortality
[4, 5]. Previous studies have shown that early extubation
is associated with reduced PPCs and hospital stay after
major surgery, but they mostly compared the prognosis of
patients with extubation in the intensive care unit (ICU)
and those patients with extubation in operating room
[6-11]. To date, there are no studies regarding the optimal
timing of extubation of ventilated patients after craniot-
omy in the operating room. And few studies explored the
relationship between extubation time and POP in the neu-
rosurgery subgroup. But it’s worth noting that the control
of extubation time in the operative room is more clini-
cally instructive for anesthesiologists. And early recovery
of patients’ breathing and consciousness is conducive to
neurosurgeons’ neurological evaluation. Thus, we aimed
to explore the association between extubation time and
POP after meningioma resection in the operation room
and provided it for clinical practice as a reference.

Methods

This retrospective study was approved by the Institu-
tional Review Board of the First Affiliated Hospital of
Nanjing Medical University (IRB: 2021-SR-047), and the
requirement for written informed consent was waived
by the institutional review board. The Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) checklist for cohort studies was referenced
when we performed this study. All experimental proce-
dures were performed in accordance with relevant guide-
lines and regulations (declarations of Helsinki).

Patient population

We determined the sample size from a similar study of
previous non-cardiac surgery [6, 11-13]. And we retro-
spectively analyzed 820 patients who underwent menin-
gioma resection at the First Affiliated Hospital of Nanjing
Medical University from January 2016 to December 2020.
We included patients aged >18y with the American Soci-
ety of Anesthesiologists (ASA) physical status I-III. The
exclusion criteria were as follows: (1) severe cardiac /lung
/liver or renal insufficiency (The definition is in the Addi-
tional file 1. eTable 1); (2) preoperative lung infection or
other organ infections; (3) incomplete clinical informa-
tion; (4) emergency; (5) failure to reach extubation cri-
teria in the operating room after surgery. In addition, to
reduce unnecessary medical expenses, patients under-
going elective meningioma surgery in our hospital were
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usually extubated in the operative room, so we excluded
the patients who unplanned admission to ICU.

Data collection

Data were obtained from the Hospital Information Sys-
tem, which could be listed as follows: (1) preoperative-
related variables including sex, age (>18y), body mass
index (BMI), preoperative co-morbidities (hyperten-
sion, diabetes, coronary heart disease (CAD), history of
smoking, history of epilepsy, history of tumor, previous
meningioma resection surgery, tumor size (maximum
diameter), the World Health Organization (WHO) class
of meningioma (I-IV); (2) intraoperative-related vari-
ables including ASA status (I-III), surgery duration, total
volume of input fluid, total volume of blood loss, tra-
cheal extubation time, time of post-anesthesia care unit
(PACU) stay; (3) postoperative-related variables includ-
ing ICU admission (yes/no), time of ICU stay, post-
operative complications (POP, intracranial infection,
coma, brain edema, intracranial hematoma, deep venous
thrombosis (DVT)), post-surgical hospital stay, readmis-
sion rate. Among them, extubation time was defined as
the time (in minutes) from the end of surgery to the time
of extubation in the operating room.

Endpoints, exposures, and confounders

The primary outcome of this retrospective analysis was
the incidence of POP, defined as a respiratory infec-
tion requiring antibiotic treatment and meeting at least
one of the following criteria: new or changed sputum,
new or changed lung opacities on a clinically indicated
chest radiograph, temperature >38.3°C, leucocyte count
>12,000 uL ™! [14, 15].

The primary exposure factor in our study was tracheal
extubation time which is defined as the end of surgery to
the removal of a tracheal tube. The decision regarding
tracheal extubation time comprised a response to verbal
commands, a positive gag reflex, tidal volumes >6 mL/kg,
respiratory rate<20 times/min, oxygen saturation>96%
while breathing spontaneously (FiO, <50%), normocar-
bia judged by end-tidal carbon dioxide, reversal of neuro-
muscular blockade judged by peripheral nerve stimulator
or clinical assessment, core body temperature between
36.5°C and 37.5°C, and hemodynamics was stable with-
out the support of vasoactive drugs.

After considering previous definitions of delayed
awakening (20 min, 30 min) [16, 17], preliminary results
of data analysis (Additional file 2. eFigure 1), clinical
significance and balance of sample size between groups,
our research team divided the data into 3 groups (less
than 21 min, 21-35min and more than 35min) to
explore (1) whether patients with shorter extubation
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time (less than 21 min) had a lower risk of POP (2) or
whether patients with delayed extubation time had a
high risk of POP (more than 35 min).

As per previous reports, age, male, low BMI, second-
ary surgery, preoperative combined cardiovascular dis-
ease, and history of smoking constitute preoperative
risk factors of POP. Thus, we considered these factors
as potential confounders in the analysis [4, 18, 19].

Statistical analysis

Patients with incomplete data were excluded. Con-
tinuous data were expressed as mean and standard
deviation (SD) or median and interquartile range, as
appropriate. Categorical variables were expressed as
frequencies (percentages). The difference of normally
distributed data was analyzed using Analysis of Vari-
ance (ANOVA), while data with skewed distribution
were compared by Kruskal-Wallis test. Also, the x* test
and Fisher’s exact test were employed to analyze cat-
egorical variables.

Besides, to explore confounding, we entered covari-
ates into a logistic model in the basic model or elimi-
nated the covariates in the complete model one by one
and compared the regression coefficients. In this study,
the logistic models were adjusted for age, sex, BMI,
previous meningioma resection surgery, size of tumor,
preoperative combined cardiovascular disease, history
of smoking, ASA score, and WHO classification.
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A generalized additive model was used to assess the
nonlinear relationship between extubation time and inci-
dent POP. We conducted restricted cubic spline models
to develop OR curves to examine the possible nonlinear
time-response associations between extubation and POP.

Furthermore, to minimize the potential bias of treatment
allocation and confounding, we generated a propensity
score by logistic regression to balance patients’ preoperative
baseline. A 1:1 nearest neighbor matching algorithm was
applied using a caliper width of 0.01. The following variables
were selected to generate the propensity score: age, gender,
BM], hypertension, diabetes, CAD, history of smoking, pre-
vious meningioma resection surgery, tumor size, and WHO
classification. Afterwards, a standardized mean difference
(SMD) was used to examine the PSM degree, and a thresh-
old of less than 0.1 was considered acceptable.

A statistically significant difference was interpreted as a
P-value of <0.05. All the analyses were performed with the
SPSS 25.0 software (SPSS, Inc., Chicago, IL, USA) and the
statistical software packages R (http://www.R-project.org,
The R Foundation) and Free Statistics software version 1.3.

Results

Study population recruitment summary

From January 2016 to December 2020, a total of 820
patients underwent meningioma resection. Of them,
182 were excluded for missing clinical information, 35
for ineligible criteria, 5 for other causes, and finally 598
were taken into analysis (Fig. 1).

Original database

(N=820)
—— | Missing information (N=182)
Completed information
(N=638)
Subjects excluded (N=35):
Infections before surgery ( N=4)
ASA>4 (N=8)
Emergence (N=5)
> LVEF<35%(N=3)
COPD (N=8)
Liver dys function (N=3)
CKD (N=3)
Died after surgery (N=1)
 J Others (N=5)
Analysed for outcome
(N=598)

Fig. 1 Study population recruitment summary. Abbreviations: ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary
disease; CKD, chronic kidney disease; LVEF, left ventricular ejection fraction
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Table 1 Baseline characteristics of meningioma patients by categories of extubation time, 2016-2020

Total (n=598)

< 21min (n=194) 21-35min (n=186) > 35min (n=218) P-value

Preoperative baseline
Age (years)
Sex (%)
Male
Female
ASA (%)
I
I
Il
BMI (kg/m2)
Co-morbidities (%)
History of smoking
Hypertension
Diabetes
CAD
History of epilepsy

Size of maximum tumor diameter (mm)
WHO grade of meningiomas (%)

Intraoperative
Surgery duration (min)
Anaesthesia duration (min)
Total of infusion (ml)
Total of loss (ml)
Postoperative
Extubation time (min)
PACU stay (min)
ICU admission (%)
POP
Postoperative complication
Coma
Hemorrhage
Intracranial infections
DVT
Brain edema
Hospital Stay (days)
Readmission rate (%)
Second surgery (%)

160.0 (116.0, 220.0)
190.0 (145.0, 255.0)
2000.0 (1600.0, 2596.0)
1000.0 (600.0, 1500.0)

5604112 578496 0.004
0.631
41(22) 57 (26.1)
145 (78) 161 (73.9)
0.102
15(8.1) 12(5.5)
157 (84.4) 189 (86.7)
14 (7.5) 17(7.8)
243435 241432 0.202
9(4.8) 4(1.8)
67 (36) 88 (40.4)
23(12.4) 23 (10.6)
7(3.8) 6(28)
9(4.8) 7(32)
3264202 3384163 3204169 0677
0.799
159 (85.5) 184 (84.4)
14 (7.5) 22 (10.1)
4(22) 6(28)
2(1.0) 1(05)
157.5(112.8,220.0) 160.0 (112.8,215.0) 165.5 (120.0, 225.0) 0616
180.0 (145.0, 255.0) 190.0 (143.0, 250.0) 200.0 (146.2, 255.0) 0.641

2000.0 (1500.0, 2600.0)  2000.0 (1600.0, 2500.0)  2100.0 (1600.0, 2600.0)  0.050
1000.0 (550.0, 1500.0)  900.0 (550.0, 1450.0) 1100.0 (687.5,1500.0)  0.287

278433 5254193 < 0001
4764148 6174165 89.9430.2 < 0.001

5Q.7) 6(2.8) 0.450

8 (4.3) 28(12.8) 0.005

0.786

3(1.6) 2(0.9)

3(1.6) 6(2.8)

17(9.1) 14 (6.4)

12(6.5) 24.(11)

7(38) 4(1.8)

111447 110448 0.519

4(22) 2(0.9) 0.607

0(0) 3(1.4) 0.121

Normally distributed data are presented as mean (SD), which were analyzed ANOVA; non-normal data are presented as median (range), which were analyzed using
Kruskal-Wails test; categorical variables are presented as count (%), which were analyzed using the x2 test and Fisher’s exact test

Abbreviations: ASA American Society Anesthesiologists, BMI Body mass index, CAD Coronary artery disease, DVT Deep venous thrombosis, ICU Intensive care unit,
PACU Post-Anesthesia Care Unit, POP Postoperative pneumonia, WHO The World Health Organization

Demographic and clinical characteristics

Table 1 showed patients in this study and their perio-
perative characteristics. From January 2016 to Decem-
ber 2020, the mean age at symptom onset was 56.1 £ SD

10.7years, and there were 453 female and 145 male
patients. The patients in the delayed extubation cohort
(> 35min) were older (mean age 57.8years), and har-
boured a higher incidence of POP (12.8%) than the
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Table 2 Univariate logistic regression analysis of covariates for

POP
OR (95%Cl) P value

Age 1.01 (0.98~1.04) 0.552
Gender

Male 1

Female 0.73(0.38~1.37) 0323
ASA score

| 1

Il 2.1(049~895) 0316

Il 6.12(1.22~30.7) 0.028
BMI 1.04 (0.95~1.13) 0.371
History of smoking

No 1

Yes 2.85(0.78~10.46) 0.114
Hypertension

No

Yes 1.57(0.88~2.381) 0.129
Diabetes

No 1

Yes 0.69(0.24~2) 0498
CAD

No 1

Yes 332(1.05~1049) 0.041
Size of tumor 1.01 (1~1.03) 0.057
WHO score

I 1

Il 0.7 (0.21~235) 0.564

Il 2(043~93) 0379

vV 21.95 (1.95~247.06) 0.012
Surgery duration 1.01 (1~1.01) < 0.001
Blood loss 1.00 (1.00~1.00) 0.005
Anaesthesia duration 1.01 (1~1.01) < 0.001
Extubation Time 1.02 (1.01~1.03) 0.001
Extubation Time

<35min 1

>35min 2.59(1.34~5.02) 0.005

Abbreviations: ASA American Society Anesthesiologists, BMI Body mass index,
Cl/ Confidence interval, ICU Intensive care unit, OR Odds ratio, WHO The World
Health Organization

other two groups. Although there was no significant dif-
ference in other preoperative baselines such as tumor
size, WHO score, ASA score, surgery or anaesthesia
duration time between the two groups, the patients in
the delayed extubation cohort (> 35 min) had more fluid
infusion (median volume 2100 vs. 2000 ml, P=0.050).

Association between extubation time and POP
Results of the univariate analysis are summarized in Table 2,
ASA score, history of CAD, WHO score, blood loss, surgery
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or anaesthesia duration time and extubation time were asso-
ciated with POP. We therefore adjusted for these confound-
ing factors and other confounders previously reported by
the multivariable logistic regression model.

Figure 2 depicted a generalized additive model that
predicted POP based on extubation time, adjusting for
age, gender, BMI, ASA, surgery duration, history of
smoking, blood loss, previous meningioma resection
surgery, preoperative combined CAD, size of tumor and
WHO classification. Overall, the association between
extubation and POP followed a U-shape. The relation-
ship between extraction time and POP is shown in
fig. 2: the slope of the line decreases and then increases
with increasing extraction time, with the lowest point
of the line at 30—40 minutes. Adjusted splines simulated
an area of inflection around 35 minutes when the risk
of developing POP began to increase (Supplementary
Table 2 in the supplement). The maximum area under
the curve increased when patients were divided into
early or delayed extubation groups using 35 minutes.
Delayed extubation was therefore defined as extubation
occurring more than 35minutes after surgery. Also,
patients who developed POP showed a longer extuba-
tion time than that of patients without POP (41.6 £25.8
vs 31.5+19.4 min, P< 0.001) (Supplementary Fig. 2).

Table 3 showed ORs and 95% ClIs for risk of incident
POP. In the crude model, there was a 1.40-fold increased
risk of POP compared to a shorter extubation time cohort
(<35min) (OR: 2.40, 1.34 to 4.31, P=0.003). In multivariable
logistic regression analyses, after adjusting for age, gender
and BMI, the OR represented 2.24 (1.22 ~4.09). After adjust-
ment for intraoperative and preoperative relevant covariates,
we observed that the ORs of delayed extubation cohort (>
35min) were consistently significant in all four models (2.60
(1.32~5.11), 246 (1.31~4.62), respectively). After adjust-
ment for all covariates in table 2, the risk was increased by
1.73 times in the incidence of POP in the delayed extuba-
tion cohort (> 35min) compared to shorter extubation
time cohort (<35min). (OR:2.73, 1.36 to 5.47, P=0.005). In
PSM analysis, with matching age, gender, BMI, hyperten-
sion, diabetes, CAD, history of smoking, previous meningi-
oma resection surgery, tumor size and WHO classification,
the risk was increased by 1.81 times in the incidence of POP
in the delayed extubation cohort (> 35min) compared to
shorter extubation time cohort (<35min) (OR: 2.81, 1.42
to 5.56, P=0.003). After PSM adjustment, the association
remained significant and was not affected by potential con-
founders (OR: 2.54, 1.16 to 5.53, P=0.019).

Discussion

Our data demonstrated that extubation time was associ-
ated with POP, in addition to well-known prognostic fac-
tors such as age, ASA score, history of CAD, WHO score,
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10.0

P for non-linearity: 0.044

5.0

2.0 1

Odds Ratio of POP
P
]

0.5

0.2

20

and WHO score

T T
60 80

Extubation time (min)
Fig. 2 Associations between extubation time and POP. Adjusted for age, gender, BMI, ASA score, surgery duration, history of smoking, size of tumor

surgery duration and anaesthesia duration. Interestingly,
anesthesiologists wait longer to extubate the elderly and
patients who require a higher fluid infusion. While it was
not surprising that patients with delayed extubation had
a worse outcome, we discovered that early extubation
within 35minutes in the operating room, rather than in
the ICU, had an independent effect.

Consistent with our results, previous studies have
shown that early extubation is associated with reduced
PPCs and shorter hospital stay after major surgery, but
few have focused on the neurosurgical subgroup [6-11].
However, early recovery of patients’ breathing and con-
sciousness is conducive to neurosurgeons’ neurological
evaluation, especially in the “rapid awaking strategy” [3].
Our study extended these findings to explore a safe and
optimal extubation time in neurosurgical patients.

Fandler-Hofler S et al. conducted a retrospective cohort
study in the neurointensive care unit or stroke unit stay
(n=447) and described longer ventilation time was asso-
ciated with a higher rate of pneumonia during neuroin-
tensive care unit or stroke unit stay (early (<6h)/ delayed
(6~24h)/ late (>24h) extubation: 9.6%/20.6%/27.7%,
P< 0.01) [11]. In Nikoubashman O’ cohort, prolonged

ventilation (>24h) was associated with POP during hos-
pitalization and unfavorable functional outcome and
death at follow-up (P<0.001) [10]. Different from pre-
vious studies, our design setting focused on the patients
met immediate extubation criteria within the operating
room. Interestingly, the same phenomenon also can be
found in our study, delayed extubation (>35min in the
operation room) was significantly associated with POP in
patients after meningioma resection.

The reasons underlying the association between intu-
bation duration and POP may be relative to pulmonary
dysfunction. On the one hand, the particularity of neu-
rosurgery is that lung dysfunction can be caused by
damage to functional brain areas, neurological paralysis,
or enteral malnutrition, et al. [20], which in turn may
reduce brain function [3]. General anaesthesia with intu-
bation, on the other hand, disrupts physiological lung
function due to changes in chest wall mechanics and
diaphragm relaxation, causing atelectasis, gas exchange
disruption, and ventilation-perfusion mismatch [21].
Additionally, barotrauma, volutrauma, atelectotrauma,
and biotrauma are partly responsible for ventilator-
induced lung injury [22].
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Table 3 Associations between extubation time and POP in the
crude analysis, multivariable analysis, and propensity-score analyses

Extubation time > 35 min P-value

Crude analysis- OR (95% Cl) 240(1.34~431) 0.003
Multivariable analysis- OR (95% Cl)

Adjust | 2.24(1.22~4.09) 0.009

Adjust Il 260(1.32~5.11) 0.006

Adjust Ill 246 (131~4.62) 0.005

Adjust IV 273 (1.36~547) 0.005
PSM analysis- OR (95% Cl)

With matching * 2.81(1.42~5.56) 0.003

Adjusted for propensity score ° 2.54(1.16~5.53) 0.019

Adjust I model adjusted for age, gender and BMI; adjust Il model adjusted for
adjust |+ ASA score, blood loss and surgery duration; adjust Il model adjusteds
for adjust | 4 previous meningioma resection surgery, preoperative combined
cardiovascular disease, history of smoking, size of tumor and WHO classification,
adjust IV model adjusts for adjust | + ASA, surgery duration, history of smoking,
blood loss, previous meningioma resection surgery, preoperative combined
cardiovascular disease, size of tumor and WHO classification

Abbreviations: ASA American Society Anesthesiologists, BMI Body mass index, C/
Confidence interval, OR Odds ratio, PSM Propensity score matching, WHO The
World Health Organization

PSM analysis matched age, gender, BMI, hypertension, diabetes, coronary artery
disease, history of smoking, previous meningioma resection surgery, tumor size and
WHO classification. ? Shown is the OR from a univariate logistic regression model with
matching according to the propensity score. ® Shown is the OR from a multivariable
logistic regression model, with additional adjustment for the propensity score

It is noteworthy that patients with delayed extubation
had more intraoperative fluid infusion, so the reason of
delayed extubation may be related to pulmonary and cer-
ebral edema, especially in patients with massive blood
loss [20, 23]. Considering the administration of diuret-
ics and the risk of bleeding during major neurosurgery,
anesthesiologists need to balance the basic fluid require-
ment. Because fluid overload could result in pulmonary
edema, cerebral edema or acute kidney injury. Careful
selection of the type of infusion fluid (crystalloid or col-
loid therapy), and the use of goal-directed fluid therapy
(GDFT) may help to manage fluid balance in neurosur-
gical patients who are dehydrated due to administration
of diuretics [24—-26]. Controlling fluid balance to avoid
pulmonary and cerebral edema may allow patients to be
extubated sooner after surgery.

Patients in the delayed extubation cohort were
older than those in the cohort with a shorter extu-
bation time. Our result was akin to many other find-
ings. Most of the previous research had examined that
older age could be the independent factor for delayed
extubation, which was in turn associated with worse
outcomes [27, 28]. Elderly patients have increased
sensitivity toward general anesthetics, and slow return
of consciousness due to progressive decline in CNS
function [29]. Not to mention, craniotomy itself can
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cause CNS dysfunction [20]. But with the progress of
medical technology and increasing human life expec-
tancy, an increasing number of meningiomas has been
identified in elderly patient. Thus, anesthesiologists
need to weigh against benefits of early extubation in
elderly patients.

The limitation of this study is that it was a single-
center, retrospective study. We collected as many sample
sizes as possible, and rigorous data analysis was per-
formed to demonstrate the relationship between airway
extubation time and POP. Furthermore, the incidence
of these complications depends largely on the difficulty
of treatment. Easily accessible meningiomas are far
more different from complicated skull-base ones. The
former shared more limited incisions, shorter surgery
time duration, as well as fewer blood transfusions [19,
20]. And the post-operative intensive care of skull-base
meningiomas resection may be reserved for intubation
and mechanical ventilation, resulting in a significant
increase in POP. For this reason, we excluded patients
who entered the ICU after surgery. The highlight of our
study lies in the inclusion of patients who could be extu-
bated in the operating room and met the extubation cri-
teria, providing a reference for anesthesiologists working
in the operating room.

Conclusion

In conclusion, delayed extubation after meningioma resec-
tion is associated with increased pneumonia incidence.
Thus, appropriate patients should be extubated as early as
possible in the operating room to decrease the incidence of
POP. By doing so, it may help to reduce the use of ICU and
specialized staff without altering other clinical postopera-
tive complications and hospital length of stay.
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