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Background: The purpose of this study was to uncover preoperative risk factors for extubation failure or
re-intubation for patients undergoing lung transplant (L'Tx).

Methods: We performed a retrospective case-control study of LTx from our center between January 2017
and March 2019. Demographic and preoperative characteristics were collected for all included patients.
Univariable analysis and multivariable logistic regression were used to analyze risk factors of postoperative
unsuccessful extubation following L'Tx.

Results: Among 107 patients undergoing first LTx investigated, 74 (69.16%) patients who were successfully
liberated from mechanical ventilation (MV), and 33 (30.84%) patients who were unsuccessful extubation,
which 18 (16.82%) patients suffered from reintubation. associated preoperative factors for unsuccessful
extubation following LTx included preoperative extracorporeal membrane oxygenation (ECMO) support
[OR =4.631, 95% confidence interval (CI): 1.403-15.286, P=0.012], the preoperative ability of independent
expectoration (OR =4.517, 95% CI: 1.498-13.625, P=0.007), the age older than 65-year-old (OR =4.039,
95% CI: 1.154-14.139, P=0.029), and receiving the double lung and heart-I'T'x (OR =3.390, 95% CI: 0.873—
13.162, P=0.078; and OR =16.579, 95% CI: 2.586-106.287, P=0.012, respectively). Further, we investigated
the preoperative predicted factors for reintubation. Only the preoperative ECMO remained a significant
predictor of re-intubation (OR =4.69, 95% CI: 1.56-15.286, P=0.012).

Conclusions: Preoperative independent sputum clearance, preoperative ECMO, older than 65-year-old,
and double lung or heart-LTx were four independent risk factors for unsuccessful extubation. Moreover,

preoperative ECMO was the only independent risk factor for reintubation.
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Introduction disease (ILD), and cystic fibrosis (CF). Up to now, there
were more than 69,200 patients who have received LTx

Lung transplant (LTx) is the only effective therapeutic around the world (1).

strategy for most end-stage lung diseases, such as chronic Tracheal intubation and mechanical ventilation (MV) are

obstructive pulmonary disease (COPD), interstitial lung the critical short-term life support techniques from scheduled
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surgical procedures to acute respiratory failure, which is the
routine practice during LTxs. Some patients even needed
ventilation support before surgery to wait for a matching donor.

Nowadays, increasing studies have proved early
extubation, especially extubation in the operative room, was
directly associated with good long-term survival for patients
undergoing I'T’x (2,3). However, not all patients are suitable
for early extubation. About 10-20% of patients might
require emergency reintubation after successfully weaning
from MV caused by post-extubation acute respiratory
failure, or prolonged extubation (4,5). Unsuccessful
extubation is associated with prolonged MV, a higher risk of
ventilator-associated pneumonia, longer intensive care unit
and hospital stays, and increased mortality (25-50%) (6,7).

Reintubation has been proved to be independent
prognostic factors and increased mortality (86%) in ITX (8).
However, confronted by alarmingly high mortality, there
is a lack of relevant studies to conduct clinicians to prevent
the risk of unsuccessful extubation or reintubation. In this
study, we examined the associated preoperative risk factors
of unsuccessful extubation or reintubation in I'Tx patients.
We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-2546).

Methods
Patients

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by Ethics Commission of the First Affiliated
Hospital of Guangzhou Medical University (No. 2019-53)
and informed consent was taken from all the patients.

An observational retrospective case-control study was
performed in all patients who underwent L'Tx or heart-LTxs
in our center between January 2017 and March 2019, with
a survival follow-up of 1 year. The first LTx was included
for the next analysis, and the re-transplant was excluded in
consideration of the complex preoperative status, the flow
diagram as shown in Figure 1.

Postoperative MV management

The extubation criteria were: (I) successful spontaneous
breathing trial (SBT) 120 minutes; (II) hemodynamic
stability; (III) Glasgow coma scale score of 13 or larger; (IV)
without upper airway resistance and controllable secretions;
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(V) ameliorative imaging of chest X-ray. As reported in
the previous study in detail (9). The reintubation would
be performed when the patients suffered from post-
extubation respiratory failure or serve clinical events,
such as respiratory or cardiac arrest, massive aspiration,
serve hemodynamic instability, and so on. In our center, a
tracheostomy was performed if a patient failed to wean from
the ventilator and intubation would exceed postoperative
30 days, which was evaluated by intensive care physicians.

Definition of variables

The independent variables analyzed included the patient’s
demographic characteristics (sex, age, and BMI), indication
[idiopathic pulmonary fibrosis (IPF), COPD, silicosis,
and others], general preoperative factors [extracorporeal
membrane oxygenation (ECMO), independent sputum
clearance, and partial pressure of oxygen/fraction of inspired
oxygen (PaO,/Fi0,)], and type of transplant. The ability of
independent sputum clearance of patients was judged by the
clinical physician based on whether the patients could clear
sputum by spontaneous cough without medical assistance
or not during being hospitalized for transplantation. The
major dependent variable (primary outcomes) analyzed
whether were successful extubation or not. The second
dependent variables (secondary outcomes) was reintubation.

In this study, the age was stratified three subgroups,
included age between 45 and 65 years, younger than
45 years, and older than 65 years. The BMI has also
stratified three subgroups, less than 18.5 (underweight), 18.5
to 24.9 (normal), more than 24.9 (overweight). According
to the preoperative arterial PaO, and FiO,, the patients
were divided into three subgroups, PaO,/FiO, less than
150, PaO,/FiO, between 150 to 250, and PaO,/FiO, more
than 250. And we defined successful extubation as the first
successful extubation within 30 days after IT'x and without
reintubation. The unsuccessful extubation contained MV
dependent or reintubation.

Statistical analysis

All statistical analysis was performed with SPSS 19.0.
Univariable analysis was performed to assess statistically
significant data by using the chi-square test. While the
variables with P<0.20 were entered into the further
multivariable analysis. Logistic regression models were
applied for multivariable analysis using a forward stepwise
selection procedure. The cutoff for variable removal was set
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109 patients underwent lung transplant or
heart-lung transplant in our center from
January 2017 to March 2019

Exclusion | 2 patients underwent lung

A

re-transplantation

99 lung transplants and 8 heart-lung
transplants were included to our study

Weaning from mechanical ventilation

Yes

Y

successful extubation
N=74

No

Y

unsuccessful extubation (MV
dependent and re-intubation)
N=33

y

4

Univariable and multivariable analysis

Preoperative risk factors for unsuccessful
extubation or re-intubation

Figure 1 Flow diagram. MV, mechanical ventilation.

at a significance level of 0.05. A probability value of P<0.05 was
required for entry into the model and P>0.05 for elimination.
Results were expressed as an odds ratio with 2 95% confidence
interval (CI). We used receiver operating characteristic (ROC)
curves to calculate the area under the curve (AUC) values to
assess the predictive ability of relevant preoperative factors
for unsuccessful extubation or reintubation. In this study, a
statistical significance was defined as P<0.05.

Results
Subject demograpbhics

One hundred and nine LTX were performed: 2 re-
transplant, 9 heart-lung, 33 left unilateral, and 37 right
unilateral and 29 bilateral transplants in our center between
January 2017 and March 2019. Among them, 2 patients
who underwent re-transplant were excluded. A total of
107 patients undergoing first LTx were categorized into
different groups according to weaning from MV or not,

including successful extubation or unsuccessful extubation
(including reintubation or MV dependent). As shown in
Tuble 1, there were 74 (69.16%) patients who successfully
liberated from MV, and 33 (30.84%) patients who were
unsuccessful extubation, which included 18 patients
(16.82%) who suffered from reintubation and 15 patients
with MV dependent (14.02%), and 9 patients underwent a
tracheostomy because MV exceeds 30 days. The main age of
the sample was between 45 and 65 (50.47%), with 81.31%
male patients. IPF occupied the main reasons from those L'T'x
patients (49.53%), following by COPD (33.64%) and silicosis
(8.41%). The postoperative severe infections were the main
causes of unsuccessful extubation, occupied by 75.76%.

Relevant preoperative factors influencing unsuccessful
extubation

Univariable analysis
According to univariable analysis, ECMO, independent
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Table 1 The overall characteristics of the first IT'x

Characteristics N %
Sex
Male 87 81.31
Female 20 18.69
Age
45-65 54 50.47
<45 27 25.23
>65 26 24.30
BMI
<18 29 27.10
18-24 61 57.01
>24 17 15.89
Indication
IPF 53 49.53
COPD 36 33.64
Silicosis 9 8.41
Others 9 8.41

Comorbidities

Hypertension 8 7.48

Diabetes 6 5.61
Type of transplant

Right 37 34.58

Left 33 30.84

Double 29 27.10

Heart/lung 8 7.48
Outcomes

Successful extubation 74 69.16

Unsuccessful extubation 33 30.84

Reintubation 18 16.82

LTx, lung transplant; IPF, idiopathic pulmonary fibrosis; COPD,
chronic obstructive pulmonary disease.

sputum clearance, hypoxia, and type of transplant were the
impact factors for the prolonged extubation. There was a
greater percentage of unsuccessful extubation patients who
had received ECMO support bridge to LTx (51.52% uvs.
17.57%, P<0.001) (1lable 2). A greater proportion of patients

in the successful extubation group had the preoperative
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ability of independent sputum clearance (83.78%) compared
with the unsuccessful extubation group (48.48%) (P<0.001).
The patients in unsuccessful extubation had more probably
suffered PaO,/FiO, <150 before LTx (33.33%) compared
with successful extubation (8.11%) (P=0.004). A greater
percentage of the unsuccessful extubation patients had
undergone double-lung or heart-LTx compared with
the successful group (45.45% vs. 18.92%, and 15.15%
vs. 4.05%, respectively; P=0.001). The demographic
characteristics, such as sex, age, BMI, and diagnosis,
were not significantly associated with differential risk for
unsuccessful extubation.

Multivariable analysis

This study used multivariable logistic regression to
investigate the preoperative risk factors of unsuccessful
extubation for undergoing I'I'x patients. As shown in Zable 3,
associated preoperative risk factors for unsuccessful
extubation following L'Tx included preoperative ECMO
support (OR =4.631, 95% CI: 1.403-15.286, P=0.012),
the preoperative ability of independent expectoration
(OR =4.517, 95% CI: 1.498-13.625, P=0.007), the age
older than 65-year-old (OR =4.039, 95% CI: 1.154-14.139,
P=0.029), and receiving the double lung and heart-LTx
(OR =3.390, 95% CI: 0.873-13.162, P=0.078; and OR
=16.579, 95% CI: 2.586-106.287, P=0.012, respectively).
The ROC curve was presented in Figure 2 for the
preoperative predicted model of unsuccessful extubation in
LTx, with C-statistic for the ROC AUC =0.857 (95% CI,
0.787-0.928).

Relevant preoperative factors influencing re-intubation

The demographic characteristics, patient-relevant
preoperative factors, and surgical indications also were
selected to investigate the preoperative risk of re-intubation
after L'Tx.

Univariable analysis and multivariable analysis

The results for the univariable analysis of re-intubation
are shown in Table 4. A greater proportion of patients in
re-intubation group had received ECMO support and
suffered double or heart-I'T'x compared with the successful
group (50.00% vs. 17.57%, P=0.004; and double: 44.44%
vs. 18.92%, heart-lung: 11.11% vs. 4.05%, P=0.044;
respectively). Regarding the independent expectoration
and hypoxia variables, although there was no significant
difference between the successful extubation group and the
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Table 2 Subject demographics and preoperative factors for the successful extubation and unsuccessful extubation groups
Successful extubation (n=74) Unsuccessful extubation (n=33)
Characteristics P value
N % N %
Demographic
Sex 0.530
Male 59 79.73 28 84.85
Female 15 20.27 5 15.15
Age 0.133
45-65 41 55.41 13 39.39
<45 19 25.68 8 24.24
>65 14 18.92 12 36.36
BMI 0.771
<18.5 25 33.78 9 27.27
18.5-24.9 42 56.76 20 60.61
>24.9 7 9.46 4 39.39
Indication 0.420
IPF 35 47.30 18 51.43
COPD 26 35.14 10 31.43
Silicosis 8 10.81 1 2.86
Others 5 6.76 4 14.29
Preoperative characteristics
ECMO <0.001
Yes 13 17.57 17 51.52
No 61 82.43 16 48.48
Independent sputum <0.001
clearance
Yes 62 83.78 16 48.48
No 12 16.22 17 51.52
PaO,/FiO, 0.004
>250 42 56.76 13 39.39
150-250 26 35.14 9 27.27
<150 6 8.11 11 33.33
Type of transplant 0.001
Right 32 43.24 5 15.15
Left 25 33.78 8 24.24
Double 14 18.92 15 45.45
Heart/lung 3 4.05 5 15.15

IPF, idiopathic pulmonary fibrosis; COPD, chronic obstructive pulmonary disease; ECMO, extracorporeal membrane oxygenation; PaO,,

partial pressure of oxygen; FiO,, fraction of inspired oxygen.
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Table 3 Preoperative risk factors of unsuccessful extubation through multivariable logistic regression analysis

Variables 95% ClI P value
ECMO 4.631 1.403-15.286 0.012
Age 0.031
45-65
<45 0.396 0.076-2.074 0.273
>65 4.039 1.154-14.139 0.029
Type of transplant 0.016
Right
Left 0.441-6.832 0.431
Double 3.390 0.873-13.162 0.078
Heart/lung 16.579 2.586-106.287 0.012
Independent sputum clearance 4.517 1.498-13.625 0.007

ECMO, extracorporeal membrane oxygenation; Cl, confidence interval.

ROC curve
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Figure 2 ROC curve drawn for the model built using B coefficients
(unsuccessful extubation). C-statistic for the ROC AUC =0.857
(95% CI, 0.787-0.928). ROC, receiver operating characteristic;

AUC, area under the curve; CI, confidence interval.

re-intubation group, the rate of re-intubation for patients
without independent expectoration was higher than the
successful liberation from MV (33.33% vs. 16.22%), and the
patient suffered severe hypoxia was more likely to confront
the re-intubation risk (22.22% vs. 6.76%).

For multivariable analysis are presented in Table 5.
Four relevant preoperative factors, including ECMO,
independent expectoration, PaO,/FiO,, and type of
transplant, were analyzed through multivariable logistic
regression. Only the preoperative ECMO remained a
significant predictor of re-intubation (OR =4.69, 95% CI:

© Journal of Thoracic Disease. All rights reserved.

1.56-15.286, P=0.012). The ROC curve was presented in
Figure 3, with C-statistic for the ROC AUC =0.662 (95%
CI: 0.511-0.813).

Long-term outcome

In this study, 1-year mortality for successful extubation was
12.12%. For the unsuccessful extubation or re-intubation,
the 1-year mortality was 81.82% and 72.22%, respectively.

Discussion

According to the 2019 report from the International
Thoracic Organ Transplant Registry, there were more
than 69,200 adult and 4,128 adult heart-LT'xs performed
through June 30, 2018, around the world (1). Many studies
have proved the early extubation was directly associated
with good long-term survival for patients undergoing
LTx (2,3). However, the difficulty for clinical work is to
assess which patients are suitable for early extubation after
undergoing L'T’x. Previous studies have reported nearly
20% of LTX patients might suffer the risk of reintubation
after the first liberation from MV (8,10,11), In our center,
the reintubation rate was 16.82% which is similar to those
previous reports. In addition to the reintubation, 14.02%
of patients developed MV dependent due to postoperative
complications, such as primary graft dysfunction, respiratory
infections, and chronic lung allograft dysfunction. In this
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Table 4 Subject demographics and preoperative factors for the successful extubation and re-intubation groups

Successful extubation (n=74) Re-intubation (n=18)
Characteristics P value
N % N %
Demographic
Sex 0.854
Male 59 79.73 14 77.78
Female 15 20.27 4 22.22
Age 0.295
45-65 41 55.41 7 38.89
<45 19 25.68 3 16.67
>65 14 18.92 8 44.44
BMI 0.720
<18.5 25 33.78 5 27.78
18.5-24.9 42 56.76 12 66.67
>24.9 7 9.46 1 16.67
Indication 0.915
IPF 35 47.30 9 50.00
COPD 26 35.14 7 38.89
Silicosis 8 10.81 1 5.56
Others 5 6.76 1 5.56
Preoperative characteristics
ECMO 0.004
Yes 13 17.57 9 50.00
No 61 82.43 9 50.00
Independent sputum clearance 0.101
Yes 62 83.78 12 66.67
No 12 16.22 6 33.33
PaO,/FiO, 0.063
>250 42 56.76 9 50.00
150-250 26 35.14 4 22.22
<150 6 8.11 5 27.78
Type of transplantation 0.044
Right 32 43.24 3 16.67
Left 25 33.78 5 27.78
Double 14 18.92 8 44.44
Heart/lung 3 4.05 2 11.11

IPF, idiopathic pulmonary fibrosis; COPD, chronic obstructive pulmonary disease; ECMO, extracorporeal membrane oxygenation; PaO,,
partial pressure of oxygen; FiO,, fraction of inspired oxygen.
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Table 5 Preoperative risk factors of re-intubation through multivariable logistic regression analysis

Variable OR

95% Cl P value

ECMO 4.69

1.56-14.11 0.006

ECMO, extracorporeal membrane oxygenation; Cl, confidence interval.

ROC curve

0.8

0.6+

Sensitivity

0.4+

0.2

0.0 f T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity
Figure 3 ROC curve drawn for the model built using B coefficients
(re-intubation). C-statistic for the ROC AUC =0.662 (95% CI,
0.511-0.813). ROC, receiver operating characteristic; AUC, area

under the curve; CI, confidence interval.

study, we aimed at discriminating the high-risk patients
of unsuccessful extubation by preoperative characteristics,
and understanding the effect of preoperative factors on
unsuccessful extubation presents an important opportunity
for improving successful extubation.

We found preoperative ECMO support was an important
factor for unsuccessful extubation (OR =4.631). Despite
many reports have demonstrated the safety and success
of ECMO as a bridge to transplant (12,13). However, the
patients receiving preoperative ECMO support have worse
perioperative outcomes than patients not requiring ECMO
support for some low volume centers (14,15).

We found the ability of preoperative sputum clearance
was associated with whether successful extubation or not.
The patients without the independent sputum clearance
ability had more risk than patients with the ability to
unsuccessfully weaning from MV (OR =4.517). Patients
undergoing I'Tx are subject to lifelong immunosuppression
to manage allograft rejection (16), but meanwhile which
increases the risk of graft lung infection (17). On the other
hand, I'T'x altered recipients’ respiratory physiology such as
diminish cough reflex, denervation, and impair mucociliary
clearance (18,19), which caused the patients, especially

© Journal of Thoracic Disease. All rights reserved.

the inability of independent sputum clearance, have more
difficult to clear sputum. Sputum clearance is vital for
the recovery after LTx through reducing infection and
inflammation and improving lung function. Therefore, the
independent sputum clearance impact whether weaning or
not probably related to postoperative pulmonary infection.
The rates of unsuccessful extubation may be decreased by
strengthening the preoperative training of independent
sputum clearance to waiting for ITx patients.

In our study, we found that type of transplant also could
influence whether successful extubation or not. The right
single L'T'x had the lowest risk for unsuccessful extubation,
followed by left single LTx and double L'Tx. And the heart-
LTx receptors suffered the highest fail risk for postoperative
extubation (OR =16.579, vs. right single transplant). we
found the right single LTx had less risk for extubation
failure than the left single ITx (OR =1.735), although the
difference was not significant in statistics (P=0.431). the
more angle of the right main bronchus may be a potential
cause leading to less extubation for right single LTk,
which may decrease the postoperative infection risk of
transplanted lung. Moreover, I Ben Nachum and associates
reported that the left-sided bronchial anastomosis may
be more vulnerable to complications (20). Therefore, we
recommend patients undergoing single LT, especially right
single LT, can consider early extubation. On the contrary,
we should detailly assess before weaning from MV for
double LTx or heart-LT.

It is known that aging causes many physiological changes
and syndromes that lead to increasing fragility, resulting in an
increased risk of postoperative complications (21,22). Ehrsam
has reported that older age serves as a marker for a complex
constellation of factors that might be considered the relative
or absolute contraindication to LTx (23). In this study, we
found that patients older than 65 years have a higher risk of
extubation failure than the age between 45- and 65-year-old
(OR =4.039). The higher risk of unsuccessful extubation for
the old patients may partly account for lower median survival
compared with their younger counterparts.

Compared with those patients with MV dependent, there
may are more chances to liberate from MV successfully
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Journal of Thoracic Disease, Vol 12, No 12 December 2020

for the patients suffering from reintubation. Therefore,
we further investigate the preoperative predicted factors of
reintubation. Although the four preoperative factors, such
as ECMO, Independent sputum clearance, PaO,/FiO,, and
type of transplant, were included in multivariable logistic
regression analysis. Only preoperative ECMO remained
a significant predictor of reintubation. The patients with
pretransplant ECMO often continue to keep ECMO support
in early post-transplant, which will increase the odds for
some postoperative complications, such as postoperative
ventilator support >48 hours, in-hospital stroke, in-hospital
dialysis, in-hospital acute rejection episodes, etc. (10,24).
Those complications may further cause re-intubation.

Limitations

This study has some limitations. this study is a retrospective,
non-randomized, single-center study. The observational
design means that there is a possibility of unmeasured
factors that could be confounders of the relationships
described. We have attempted to reduce those confounder
factors by including as many variables as were available to us
in our multivariable logistic regression. Moreover, we didn’t
include the factors of the donor’ lung into this study, which
need further study to investigate the predicted functions of
postoperative extubation.

Conclusions

In conclusion, as we develop a more comprehensive
understanding of the preoperative predicted factors behind
postoperative unsuccessful extubation or reintubation, we will
have more chances to prevent early and provide more precise
and personalized airway management strategies for patients
who have a high risk for unsuccessful extubation. In our study,
we demonstrated that preoperative independent sputum
clearance, preoperative ECMO, older than 65-year-old,
and double lung or heart-L'Tx were four independent risk
factors for unsuccessful extubation. Further, we found that
preoperative ECMO was the only independent risk factor
for reintubation. Unsuccessful extubation may be avoided
by proper perioperative management for those high-
risk patients, and for those low preoperative patients, we
recommend to liberate from MV early.
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