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Abstract 5 

BACKGROUND: Operating room (OR) extubation has been reported after lung transplantation (LT) in 6 

small cohorts. This study aimed to evaluate the prognosis of OR-extubated patients. The secondary 7 

objectives were to evaluate the safety of this approach and to identify its predictive factors. 8 

METHODS: This retrospective single-center cohort study included patients undergoing double lung 9 

transplantation (DLT) from January 2012 to June 2019. Patients undergoing multiorgan transplantation, 10 

repeat transplantation, or cardiopulmonary bypass during the study period were excluded. OR-extubated 11 

patients were compared with intensive care unit (ICU)-extubated patients. 12 

RESULTS: Among the 450 patients included in the analysis, 161 (35.8%) were extubated in the OR, and 13 

four were reintubated within 24 hours. Predictive factors for OR extubation were chronic obstructive 14 

pulmonary disease (COPD)/emphysema (p=0.002) and cystic fibrosis (p=0.005), recipient body mass index 15 

(p=0.048), and the PaO2/FiO2 ratio 10 minutes after second graft implantation (p<0.001). OR-extubated 16 

patients had a lower prevalence of grade 3 primary graft dysfunction at day 3 (p<0.001). Eight (5.0%) 17 

patients died within the first year of OR extubation, and 49 (13.5%) patients died after ICU extubation (log-18 

rank test; p=0.005). After adjustment for OR extubation predictive factors, the multivariate Cox regression 19 

model showed that OR extubation was associated with greater one-year survival (adjusted hazard ratio = 20 

0.40 [0.16-0.91], p=0.028). 21 

CONCLUSIONS: OR extubation was associated with a favorable prognosis after DLT, but the 22 

association should not be interpreted as causality. This fast-track protocol was made possible by a team 23 

committed to developing a comprehensive strategy to enhance recovery.  24 
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Introduction 5 

Mechanical ventilation is a cornerstone of intraoperative and postoperative lung transplantation (LT) 6 

practices. Many concepts applied in LT originate from experience in anesthesia during cardiac surgery. 7 

Historically, patients were maintained under prolonged sedation and mechanical ventilation until the 8 

morning after surgery or even longer. Progressively, the evolution of surgical and anesthetic methods 9 

allowed increasingly early extubation. Similarly, the Enhanced Recovery After Surgery (ERAS) Society 10 

suggested extubation in the intensive care unit (ICU) within 6 hours after cardiac surgery.1 This approach 11 

reduced the hospital length of stay, morbidity rate, and economic cost.2 Immediate extubation, i.e., 12 

extubation in the operating room (OR), was then proposed by some teams after cardiac surgery.3 4 13 

Some centers have applied this concept to LT,5-8 but this practice has remained anecdotal since then. 14 

However, our team has routinely adopted an OR extubation strategy according to the following 15 

fundamental practices: the use of short-acting drugs combined with effective analgesia, such as thoracic 16 

epidural analgesia; the avoidance of excessive fluid support; the maintenance of normothermia; and the 17 

application of systematic postoperative noninvasive ventilation.9 Our group published an OR extubation 18 

strategy based on data from two separate cohorts considering specific populations: cystic fibrosis 19 

patients10 and emphysema or chronic obstructive pulmonary disease (COPD) patients.11 20 

The main objective of the present study was to predict the prognosis of patients extubated immediately by 21 

comparing it with the prognosis of patients extubated in the ICU. The secondary objectives were to 22 

evaluate the safety of this approach and to identify predictive factors associated with successful OR 23 

extubation. 24 

25 
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Methods 1 

The Institutional Review Board of the French Society for Anesthesia and Intensive Care approved the 2 

analysis of this prospectively maintained institutional anesthesia lung transplant database (CERAR N°IRB 3 

00010254 – 2019; June 29, 2019). Informed consent was obtained from all patients. The Foch Lung 4 

Transplant Group attests strict compliance with the International Society for Heart and Lung 5 

Transplantation ethics statement. 6 

 7 

Study participants 8 

All consecutive patients undergoing double-lung transplantation (DLT) at Foch Hospital (Suresnes, 9 

France) from January 2012 to June 2019 were included in the study. Patients undergoing multiorgan 10 

transplantation or cardiopulmonary bypass were excluded from the analysis, as were cases of 11 

retransplantation of patients initially transplanted during the study period. The remaining patients were 12 

divided into two groups: the OR extubation group and the ICU extubation group (Figure 1). 13 

 14 

Transplant protocol 15 

DLT was performed as two successive sequential single-LT procedures.12 The surgical approach used 16 

two anterolateral thoracotomy incisions. Standardized anesthetic management has been previously 17 

described13 and is detailed in Supplementary File 4 (http://anesthesie-foch.org/protocoles-anesthesie/). 18 

Briefly, thoracic epidural analgesia and total intravenous anesthesia with propofol and remifentanil, 19 

systematic inhaled nitric oxide (iNO), and intraoperative femoral arterio-venous extracorporeal 20 

membrane oxygenation (ECMO) were applied either in cases of severe hemodynamic or respiratory 21 

failure refractory to medical treatment or as planned a priori (by the preoperative clinical staff). 22 

OR extubation was preceded by hemodynamic and respiratory support de-escalation via a three-step 23 

weaning trial (Supplementary Figure 1). First, in patients under ECMO, a 10-minute weaning trial was 24 

performed by reducing the ECMO blood flow progressively to 1-1.5 L.min-1 under clinical and 25 
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echocardiographic monitoring ("ECMO weaning test"). A positive test was defined as a stable left 1 

ventricular outflow and a PaO2/FiO2 ratio > 200. In the case of a positive weaning test, surgeons removed 2 

the ECMO cannulas. 3 

Second, when the surgical procedure was performed without ECMO, the PaO2/FiO2 ratio was calculated 4 

at the end of surgery, and the following steps were performed: 5 

- if the PaO2/FiO2 ratio was lower than 100 at the end of the procedure, ECMO was established before 6 

transferring the patient to the ICU; 7 

- if the PaO2/FiO2 ratio was greater than 100, an "iNO weaning test" was performed. iNO was interrupted 8 

and reintroduced in cases of a substantial decrease in the PaO2/FiO2 ratio (more than 10% diminution) or 9 

hemodynamic state worsening (a norepinephrine dose increase greater than 10%, fluid support greater 10 

than 250 mL, or a mean pulmonary artery pressure increase with right ventricle dilation on 11 

transesophageal echocardiography). In these cases, patients were transferred to the ICU under mechanical 12 

ventilation and iNO. 13 

Third, for patients whose iNO weaning test was successful, a new PaO2/FiO2 ratio was calculated after 14 

terminating iNO therapy. OR extubation and a "non-invasive ventilation attempt" were performed if the 15 

PaO2/FiO2 ratio was greater than 300 and no hemodynamic failure and normothermia were detected. 16 

The weaning trial was performed via a double-lumen tube, similar to elective thoracic surgery after the 17 

interruption of IV anesthetic agents. The "non-invasive ventilation attempt" consisted of a 20-minute 18 

period of non-invasive ventilation in an awake and calm patient using a face-mask and specific ventilator 19 

with inspiratory and expiratory airway pressures of 8 and 4 cmH2O, respectively, with an FiO2 = 100%, 20 

and adapted to patient comfort. If the attempt was successful, patients were then transferred to the ICU 21 

with a high-concentration oxygen face mask. Otherwise, the patients were anesthetized and reintubated 22 

with a single-lumen tube using a tube exchanger (Cook® Airway Exchange Catheter – Extra-Firm with 23 

Soft Tip, Cook Medical Incorporated, Bloomington, IN, USA) before transfer to the ICU under 24 

mechanical ventilation. 25 

 26 
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Data handling 1 

Data related to the donor and recipient and the intraoperative period were extracted for statistical analysis 2 

after anonymization by using the FileMaker Pro database (FileMaker Company, Santa Clara, CA, USA). 3 

This database was prospectively completed in real time during each procedure. Details regarding the data 4 

collection used for the analysis are provided in Supplemental File 2. 5 

 6 

Primary and secondary outcomes 7 

The main outcome was one-year mortality. The secondary outcomes were the prevalence of early 8 

reintubation after surgery, incidence of grade 3 primary graft dysfunction (PGD3) at 1, 2, and 3 days after 9 

the operation, ICU-related complications and length of stay. Finally, we looked for predictive factors of 10 

OR extubation. 11 

 12 

Statistical analysis 13 

Continuous variables are presented as median [interquartile range] and were compared using the 14 

independent t-test or Mann-Whitney test. Categorical variables are presented as number (%) and were 15 

compared using the chi-square test or Fisher’s exact test. 16 

Multivariable logistic regression was performed to assess the predictive determinants of OR extubation. 17 

Factors associated with OR extubation in the univariable analyses (at a significance level of p<0.20) were 18 

selected for inclusion in the multivariable analysis. These factors corresponded to donor and recipient 19 

characteristics and intraoperative data up to implantation of the second graft; later items were not 20 

considered in this analysis, as they were part of the extubation decision. 21 

The patient survival rate (time to death at one year) was estimated using the Kaplan-Meier estimator and 22 

compared by the log-rank test. A Cox regression model was performed to determine the association 23 

between OR extubation and the mortality rate at one year. Predictive determinants of OR extubation were 24 

selected as confounding factors for the Cox regression model. 25 
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For all analyses, p<0.05 was considered statistically significant. Statistical analyses were performed using 1 

SAS software (version 9.4; SAS Institute, Cary, NC). 2 

3 
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Results 1 

 2 

A total of 475 patients underwent DLT at our institution during the study period. After excluding patients 3 

who did not meet the study criteria, 450 patients were included in the analysis; among them, 161 (35.8%) 4 

were extubated in the OR (Figure 1). All organs were obtained from brain-dead donors, regardless of the 5 

etiology, except 22 organs that were donated after circulatory death. 6 

 7 

Safety of OR extubation 8 

Four patients (2.5%) were reintubated within 24 hours: two in the OR (one case of undiagnosed residual 9 

neuromuscular blockade and one case of major agitation due to intense pain despite epidural analgesia in a 10 

patient with a past medical history of polytoxicomania) and two in the first hours after admission in the 11 

ICU (protocol violation because the PaO2/FiO2 ratio was < 300 mmHg after extubation). These patients 12 

were  maintained in the OR extubation group (intention to treat analysis). 13 

Furthermore, eight OR-extubated patients were reintubated during the first postoperative week but after 14 

the first 24 postoperative hours; three of them were reintubated because of primary graft dysfunction. Five 15 

additional patients were reintubated after one week because of septic complications and bronchial 16 

anastomotic leakage. 17 

Some cases of protocol violation were observed. Specifically, 9 patients were extubated when their 18 

PaO2/FiO2 ratio was < 200, and 48 patients were extubated when their PaO2/FiO2 ratio was 200-299. 19 

Among the OR-extubated patients with a PaO2/FiO2 ratio < 200, 2 were reintubated (both within 24 20 

hours); one died on day 9, and the other died thereafter. Among the OR-extubated patients with a 21 

PaO2/FiO2 ratio of 200-299, 2 were reintubated within 24 hours, and 6 were reintubated thereafter. In this 22 

last subgroup, only one patient died in the 10th month; he was reintubated on day 6. 23 

 24 

 25 
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Preoperative and intraoperative variables 1 

Recipient and donor characteristics are illustrated in Table 1. 2 

Intraoperative variables are illustrated in Table 2. Compared with ICU-extubated patients, OR-extubated 3 

patients experienced less bleeding and required fewer transfusions during surgery (p<0.001), had greater 4 

hemodynamic stability (less epinephrine support) (p<0.001) and required less ECMO support (p<0.001), and 5 

had a lower blood lactate level and a greater PaO2/FiO2 ratio after second graft implantation (p<0.001). 6 

Nineteen percent of the patients who required intraoperative ECMO were extubated in the OR. 7 

 8 

Predictive factors of OR extubation 9 

Details of the multivariable analysis are provided in Supplemental File 3. Primary pulmonary disease 10 

(especially COPD and cystic fibrosis, p=0.002 and p=0.005, respectively), recipient body mass index 11 

(p=0.048), and the PaO2/FiO2 ratio 10 minutes after second graft implantation (p<0.001) were predictive 12 

factors for successful OR extubation (Figure 4). Receiver operating characteristic (ROC) curve analysis 13 

revealed that the model had a sensitivity of 82.2%, a specificity of 70.3%, and an accuracy of 74.2% in 14 

predicting OR extubation (area under the curve: 0.83; r2=0.39) (Figure 5). 15 

 16 

Postoperative outcomes 17 

Postoperative outcomes were generally better in the OR extubation group than in the ICU-extubation 18 

group (Table 3). In particular, compared to with ICU-extubated patients, OR-extubated patients had a 19 

significantly lower prevalence of PGD3 at 1, 2, and 3 days after the operation (p<0.001 for each time 20 

point). 21 

Two (1.2%) patients and 17 (5.9%) patients died within the first 30 days after the operation in the OR 22 

extubation group and in the ICU extubation group (p=0.019), respectively. Eight (5.0%) patients died within 23 

the first year in the OR extubation group, and 39 (13.5%) patients died within the first year in the ICU-24 

extubation group; the one-year survival rate was significantly greater in the OR extubation group than in the 25 
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ICU extubation group (log-rank; p=0.005). After adjustment for predictive factors, OR extubation was still 1 

associated with better one-year survival in the Cox regression model than ICU extubation (adjusted hazard 2 

ratio = 0.40 [0.16-0.91], p=0.028) (Figure 2). The rate of mortality at one year was similar in both groups 3 

when patients who died within the first 30 days were excluded from the analysis (log-rank test; p=0.081) 4 

(Figure 3). Five-year survival was also better in the OR extubation group than in the ICU extubation 5 

group (p=0.008) (Supplemental File 5).6 

7 
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Discussion 1 

 2 

This retrospective single-center study showed that OR extubation i) was possible for nearly one-third of 3 

patients undergoing DLT; ii) was safe; and iii) was a clinical marker of a good prognosis, as the outcomes 4 

were better in these patients than in patients extubated in the ICU. Of prime importance was that our 5 

protocol did not include the preselection of potential patients for OR extubation and considered that all 6 

patients were candidates for OR extubation and that the decision was made at the end of the procedure 7 

according to all measured parameters. This was confirmed by the fact that 1 in 5 patients who received 8 

intraoperative ECMO were extubated at the end of the procedure. Finally, this possibility can be predicted 9 

within a few minutes after implantation of the second graft. 10 

 11 

Interest in fast-track surgery has increased in cardiothoracic anesthesia practice. Cardiac surgery is the 12 

discipline in which reducing the time to extubation has been most studied. Historically, this time has 13 

decreased from routine extubation the morning after the operation to early extubation under the concomitant 14 

pressure of changes in anesthesiology methods (application of short-acting drugs, optimal analgesia, and 15 

restoring normothermia),14
 changes in surgical techniques (faster and less invasive techniques),15 and pressure 16 

on ICU staff (to reduce ventilation-related complications and economic constraints). In contrast to fears 17 

regarding outcomes, the rate of postoperative complications did not increase;16 however, the ERAS program, 18 

a patient-centered multidisciplinary strategy was required to reduce it.1 Hemmerling went further as he 19 

considered that a successful medical-surgical team should implement an immediate extubation strategy, as it 20 

is more difficult and more dangerous to perform extubation later, particularly because of the need to maintain 21 

sedation, which can have hemodynamic consequences.3 22 

 23 

Regarding LT, the earliest studies involved relatively small cohorts with different indications, types of 24 

transplantation (single-LT and/or DLT, possibly combined with heart transplantation)5-8 and extubation times 25 
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(a few hours after the procedure5 or in the OR at the end of the procedure6-8). These studies proved that it was 1 

possible to extubate patients after LT with a low rate of reintubation. However, little information was 2 

provided regarding predictive factors of success or long-term follow-up. Our team showed that OR 3 

extubation was possible in nearly half of cystic fibrosis10 and COPD/emphysema patients,11 with few cases 4 

of reintubation. Interestingly, in both types of patients, OR extubation was associated with a simpler 5 

postoperative course with a low rate of reintubation, a lower prevalence of PGD3 and a shorter ICU length 6 

of stay than ICU extubation. In contrast, Felten et al. did not observe a difference in one-year mortality 7 

between OR-extubated and ICU-extubated patients in a cystic fibrosis cohort10, while Assenzo et al. found 8 

better one-year survival among OR-extubated patients than ICU-extubated patients in a 9 

COPD/emphysema cohort.11 Similarly, among the whole cohort, we observed better one-year survival in 10 

the OR extubation group than in the ICU-extubation group. Upon deeper analysis, we found that this long-11 

term mortality difference disappeared when one-year survival was adjusted for 30-day survival. 12 

Consequently, OR extubation may be considered a strong surrogate supporting uneventful early follow-13 

up, leading to a low rate of PGD, a low rate of ICU-related complications, and a decreased rate of 14 

mortality. Finally, this favorable outcome may also stem from the effect of a fast-track program in which 15 

all stakeholders are extensively involved to enhance recovery after surgery and reduce postoperative 16 

complications. However, since this was not a randomized control trial, causality is impossible to 17 

determine regarding the time of extubation. 18 

 19 

The present study included our whole population of consecutive DLT patients regardless of their primary 20 

pulmonary pathology, except patients with primary pulmonary hypertension who were not treated at our 21 

center. This wide variety of patients confirmed the feasibility of OR extubation, although at a lower rate 22 

than that previously published10 11 and with a minimal reintubation risk (2.8%). This rate could have been 23 

even lower if the protocol had been more scrupulously followed. Westerlind et al. initially pointed out the 24 

increase in the safety of extubation with the use of continuous positive airway pressure via a face mask.5-8 25 
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Currently, high-flow nasal cannula oxygen therapy is a sustainable alternative to reintubation in acute 1 

hypoxemic respiratory failure after LT.17 2 

Our cohort analysis allowed us to identify predictive factors of OR extubation. First, primary lung diseases 3 

such as cystic fibrosis and COPD/emphysema are known to have a better early postoperative course than 4 

other pulmonary diseases.18 Second, a donor body mass index above 25 kg/m2 is an independent factor 5 

associated with PGD.19 Third, Pottecher et al. reported that the PaO2/FiO2 ratio measured just after graft 6 

reperfusion and some other variables that are difficult to measure (extravascular lung water and level of 7 

human soluble receptor for advanced glycation end products) are predictors of PGD.20 Similarly, a trend 8 

of increased risk of PGD3 on day 3 was observed when the PaO2/FiO2 ratio was <200 at the end of the 9 

procedure,21 and a low PaO2/FiO2 ratio measured upon arrival to the ICU or a few hours later was 10 

associated with a similar risk.22 11 

All these elements could lead to a more aggressive approach for nonextubated patients before discharge 12 

from the OR. In the absence of specific drug therapy that may reduce the severity of PGD, early prone 13 

positioning23 or prophylactic ECMO24 is suggested. However, it must be noted that among patients with 14 

early PGD (6 hours after transplantation), complete resolution of dysfunction within 72 hours and 15 

attenuation without complete resolution within 72 hours were observed in 7% and 39% of the cases, 16 

respectively.25 17 

Finally, a limitation of the generalization of OR extubation could be the fact that our policy increases OR 18 

occupation by approximately one hour, sometimes during regular working hours. This is possible in our 19 

institution because the whole anesthesia team is fully dedicated to transplant patients. 20 

 21 

Limitations of the study 22 

First, our study was subject to all inherent limitations of any retrospective single-center analysis. However, 23 

all the data were prospectively collected from an institutional database with strict definitions. It would be 24 

interesting to randomize patients likely requiring extubation in the OR into two groups: an OR extubation 25 
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group and an ICU extubation group, but it seems unethical to us to continue ventilation (and sedation) if it is 1 

not necessary. Second, our study focused exclusively on patients extubated in the OR and not on those 2 

extubated in the first 6, 12 or 24 hours post-operatively. Third, our cohort included a high proportion of 3 

patients with cystic fibrosis (52.0%) or COPD/emphysema (25.1%), a low proportion of patients with 4 

interstitial lung disease (14.0%) and an absence of patients with primary pulmonary hypertension. In 5 

addition, patients who underwent DLT under cardiopulmonary bypass were excluded because this 6 

technique carries a risk of specific complications and has become marginalized during the last decade after 7 

the development of ECMO. Fourth, we could not obtain data on all potential variables, such as 8 

preoperative frailty assessment results, to compare groups and better understand the differences in 9 

prognoses. Finally, in this study, we present unique practices, especially thoracic epidural analgesia 10 

combined with total intravenous anesthesia, and a three-step weaning trial at the end of surgery (ECMO 11 

systematic withdrawal, iNO withdrawal, extubation trial).13 12 

 13 

Conclusion 14 

In conclusion, OR extubation after DLT is an option for COPD/emphysema patients (51.3% of extubated 15 

patients were in this group) and cystic fibrosis patients (36.3%) but probably should not be pursued in patients 16 

with interstitial lung disease (14.3%). The survival of patients who underwent OR extubation was higher at all 17 

time points. Moreover, OR-extubated patients suffered fewer postoperative complications, including PGD3, 18 

than ICU-extubated patients. OR extubation could be considered as a clinical marker of a good prognosis;  19 

however, the association between OR extubation and improved outcomes should not be interpreted as 20 

causality. These results, made possible by the commitment of all the stakeholders of the project, pave the way 21 

for adaptation of the ERAS program for LT. A logical subsequent step is to investigate whether OR-extubated 22 

patients could benefit from the prompt removal of catheters and tubes (e.g., Swan-Ganz catheter, central 23 

venous line, urinary catheter), which are sources of infectious complications, limit early mobilization and 24 

early rehabilitation with physiotherapists, and increase costs.  25 
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Figures 1 

 2 

Figure 1. Flow chart 3 

* Some patients presented several criteria for exclusion from the analysis 4 

 5 

Figure 2. One-year survival in the OR extubation and ICU extubation groups 6 

Red line: OR-extubated patients 7 

Blue line: ICU-extubated patients 8 

Solid lines: Kaplan-Meier analysis 9 

Dashed lines: 95% confidence interval 10 

 11 

Figure 3. One-year survival in the OR extubation and ICU extubation groups in the sub-cohort of patients 12 

who survived at least 30 days 13 

 14 

Figure 4. Predictive factors for successful OR extubation 15 

COPD: chronic obstructive pulmonary disease 16 

ECMO: extracorporeal membrane oxygenation 17 

ICU: intensive care unit 18 

 19 

Figure 5. ROC curve 20 

 21 
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Table 1. Donor characteristics and preoperative patient characteristics 

   OR extubation 

n = 161 

ICU extubation 

n = 289 

P 

Donor characteristics 

 Age, years 49 [27] 40 [26] 0.277 

 Male sex 89 (55.3) 168 (58.1) 0.558 

 Weight, kg 74 [17] 74 [20] 0.557 

 Size, cm 171 [13] 170 [14] 0.765 

 Body mass index, kg.m−2 25 [6] 25 [6] 0.588 

 Smoking history, pack-years 0 [8] 0 [18] 0.004 

 PaO2/FiO2 ratio 368 [136] 359 [118] 0.080 

 Estimated TLC, L 6.2 [2.0] 6.5 [1.9] 0.582 

Recipient characteristics 

 Age, years 42 [28] 40 [26] 0.277 

 Male sex 80 (49.7) 142 (49.1) 0.910 

 Sex mismatch 59 (36.6) 114 (39.4) 0.753 

 Weight, kg 53 [15] 55 [20] 0.009 

 Size, cm 166 [12] 166 [12] 0.697 

 Body mass index, kg.m−2 19 [5] 20 [6] 0.003 

 TLC, L 6.5 [2.4] 5.5 [2.4] <0.001 

 TLC, mismatch* 1.1 [0.5] 0.9 [0.5] <0.001 

 Past history    

  Primary pulmonary disease   <0.001 

   Cystic fibrosis 85 (52.8) 149 (51.6)  

   COPD/emphysema 58 (36) 55 (19)  

   Pulmonary fibrosis 9 (5.6) 54 (18.7)  

   Other pathologies 9 (5.6) 31 (10.7)  

  Redo transplantation 0 9 (3.1) 0.024 

  Pulmonary hypertension** 56 (34.8) 124 (42.9) 0.092 

  Diabetes 41 (25.5) 91 (31.5) 0.176 

  Previous thoracic surgical procedure 29 (18.0) 72 (24.9) 0.093 

  Patent foramen ovale 15 (9.5) 26 (9.1) 0.888 

  

  



Table 1. Donor characteristics and preoperative patient characteristics (continued) 

   

   OR extubation 

n = 161 

ICU extubation 

n = 289 

P 

 Preoperative status    

  Time on waiting list, days 21 [39] 17 [40] 0.737 

  Lung Allocation Score 36 [5] 38 [8] 0.001 

  High Emergency Lung Transplantation 8 (5) 34 (11.8) 0.018 

  Hemoglobin, g/dL 12.0 [2.2] 11.9 [2.8] 0.217 

  ECMO (bridge to transplantation) 3 (1.9) 23 (8.0) 0.006 

  Preoperative mechanical ventilation 1 (0.6) 16 (5.5) 0.009 

 

Values are number (%) and median [interquartile range]  

ICU = intensive care unit; OR = operating room; TLC = total lung capacity; ECMO = extracorporeal 

membrane oxygenation; COPD = chronic obstructive pulmonary disease 

TLC mismatch * = total lung capacity of the donor/total lung capacity of the recipient 

Pulmonary hypertension** = mean pulmonary artery pressure > 25 mmHg 

 



Table 2. Intraoperative data  
 

   OR extubation 

n = 161 

ICU extubation 

n = 289 

P 

Technical aspects 

 Preoperative plasmapheresis 60 (37.3) 115 (39.8) 0.598 

 Ex vivo lung perfusion 34 (21.1) 56 (19.4) 0.658 

 Graft lung reduction 27 (7.8) 71 (24.6) 0.242 

 Ischemic time, first graft, min 273 [120] 289 [132] 0.173 

 Ischemic time, second graft, min 393 [158] 422 [151] 0.061 

Fluid support, bleeding and transfusion 

 Intraoperative fluid support, L 2.7 [1.5] 3 [1.5] 0.039 

 Estimated blood loss, L 1.0 [0.9] 1.2 [1.3] <0.001 

 Packed red blood cells, units 4.0 [2.5] 5.0 [5.0] <0.001 

 Fresh-frozen plasma, units 4.0 [4.0] 6.0 [4.0] <0.001 

 Packed platelets, units 0 [0] 0 [1] <0.001 

Other variables 

 Blood lactate level, mmol/L    

  Initial level 0.7 [0.4] 0.9 [0.5] 0.119 

  At 1st lung clamping 0.9 [0.6] 1.1 [0.9] 0.262 

  At 2nd lung clamping 1.3 [0.9] 2.0 [1.5] 0.235 

  At 1st graft implantation 1.3 [1.0] 1.8 [1.6] 0.523 

  10 min after second graft implantation 2.0 [1.2] 2.9 [2.1] <0.001 

  At end-surgery 1.8 [1.3] 2.7 [2.3] <0.001 

 PaO2/FiO2 ratio 10 min after second graft 

implantation 

311 [209] 174 [192] <0.001 

 Major hemodynamic event* 4 (2.5) 28 (9.7) 0.004 

 Epinephrine during surgery 8 (5.0) 46 (16.0) <0.001 

 ECMO during surgery 41 (25.5) 174 (60.2) <0.001 

End-of-surgery status 

  PaO2/FiO2 ratio 333 [167] 179 [150] <0.001 

  PGD3 10 (6.2) 95 (32.9) <0.001 

  iNO dependence 1 (0.6) 59 (20.4) <0.001 

  Epinephrine requirement 8 (5.0) 28 (9.7) <0.001 

  Norepinephrine, µg/kg/min 0 [0] 0 [0.05] 0.018 

 

  



Table 2. Intraoperative data (continued) 

 

Values are number (%) and median [interquartile range]  

ICU = intensive care unit; OR = operating room; PGD3 = grade 3 pulmonary graft dysfunction; ECMO 

= extracorporeal membrane oxygenation; iNO: inhaled nitric oxide 

* A major hemodynamic event corresponds to a cardiac arrest, an episode of myocardial ischemia 

sometimes due to a coronary air embolism, an episode of right or left ventricular failure, or a 

hemorrhagic shock. 

  

 



Table 3. Postoperative complications and outcomes 

   OR extubation 

n = 161 

ICU extubation 

n = 289 

P 

Lung complications    

 PGD    

  PDG3 at T24 3 (1.9) 156 (54.0) <0.001 

  PGD3 at T48 6 (3.7) 149 (51.6) <0.001 

  PGD3 at T72  3 (1.9) 73 (25.3) <0.001 

 Time to reintubation, days 3 [7] 2 [7] 0.905 

 Tracheotomy 8 (5.0) 78 (27.0) <0.001 

 LOS under postoperative mechanical 

ventilation, days 
0 [0] 4 [12] <0.001 

 Secondary ECMO 2 (1.2) 19 (6.6) 0.010 

 Time to secondary ECMO, days 7 [12] 3 [17] 0.879 

 Postoperative ECMO 0 (0) 106 (36.7) <0.001 

Surgical complications    

 Reoperation for bleeding 10 (6.2) 76 (26.3) <0.001 

 Lower limb complication 8 (5.0) 23 (8.0) 0.230 

 Vascular complications 16 (9.9) 66 (22.8) <0.001 

Other complications    

 Vasopressor support 56 (34.8) 215 (74.4) <0.001 

 Atrial fibrillation 31 (19.2) 73 (25.3) 0.148 

 Thromboembolic complication 17 (10.6) 71 (24.6) <0.001 

 Septic shock 16 (9.9) 72 (24.9) <0.001 

 Cerebrovascular accident 2 (1.2) 10 (3.5) 0.162 

 Renal replacement therapy 2 (1.2) 28 (9.7) <0.001 

Bleeding and transfusion    

 Postoperative packed red blood cells, units 0 [0] 0 [5] <0.001 

 Postoperative fresh-frozen plasma, units 0 [0] 0 [2] <0.001 

Lengths of stay 

 Hospital LOS, days 26 [13] 32 [24] <0.001 

 ICU LOS, days 4 [3] 8 [11] <0.001 

 

  



Table 3. Postoperative complications and outcomes (continued) 

   OR extubation 

n = 161 

ICU extubation 

n = 289 

P 

Mortality 

 In-hospital mortality 3 (1.9) 28 (9.7) 0.002 

 30-day mortality 2 (1.2) 17 (5.9) 0.019 

 90-day mortality 4 (2.5) 24 (8.3) 0.014 

 One-year mortality 8 (5.0) 39 (13.5) 0.005 

 

Values are number (%) and median [interquartile range] 

ICU = intensive care unit; OR = operating room; PGD = pulmonary graft dysfunction; PGD3 = grade 3 

pulmonary graft dysfunction; LOS = length of stay; ECMO = extracorporeal membrane oxygenation 

 

 
 



QUESTIONS: 
1) Evaluate prognosis of patients extubated in OR after double-lung transplantation (DLT) compared with those extubated in ICU;

2) Identify factors related to successful OR extubation;

3) Evaluate its safety.

CONCLUSION: OR extubation is associated with a favorable prognosis after DLT, but the association should not be 

interpreted as causality. This fast-track protocol was made possible by the commitment of a team to developing a global 

strategy to enhance recovery after lung transplantation.

INTRAOPERATIVE MANAGEMENT: Combination of short-acting anesthetic drugs, thoracic epidural analgesia, and inhaled 

nitric oxide (iNO), ECMO for refractory hemodynamic or respiratory failure, and three-step weaning trial (ECMO, iNO, extubation)

FINDINGS        FEASIBILITY:  Of 450 patients, 35.8% were extubated in the OR   

SAFETY: Four OR-extubated patients were reintubated within 24 hours.

OPERATING ROOM EXTUBATION, A PREDICTIVE FACTOR OF ONE-YEAR 

SURVIVAL AFTER DOUBLE-LUNG TRANSPLANTATION

ONE-YEAR SURVIVALPREDICTORS




