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Predictors of Prolonged Postoperative Endotracheal Intubation in Patients
Undergoing Thoracotomy for Lung Resection

Jacek B. Cywinski, MD,* Meng Xu, MS,† Daniel I. Sessler, MD,‡ David Mason, MD,§ and

Colleen Gorman Koch, MD, MS¶
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Objective: The aim of this study was to identify predictors

f delayed endotracheal extubation defined as the need for

ostoperative ventilatory support after open thoracotomy

or lung resection.

Design: An observational cohort investigation.

Setting: A tertiary referral center.

Participants: The study population consisted of 2,068 pa-

ients who had open thoracotomy for pneumonectomy, lo-

ectomy, or segmental lung resection between January

996 and December 2005.

Interventions: Not applicable.

Measurements and Main Results: Preoperative and intra-

perative variables were collected concurrently with the pa-

ient’s care. Risk factors were identified using logistic regres-

ion with stepwise variable selection procedure on 1,000

ootstrap resamples, and a bagging algorithm was used to
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ion, higher preoperative serum creatinine level, absence of a

horacic epidural catheter, more extensive surgical resection,

nd lower preoperative FEV1 were associated with an in-

reased risk of delayed extubation after lung resection.

Conclusion: Most predictors of delayed postoperative extu-

ation (ie, red blood cell transfusion, higher preoperative se-

um creatinine, lower preoperative FEV1, and more extensive

ung resection) are difficult to modify in the perioperative pe-

iod and probably represent greater severity of underlying lung

isease and more advanced comorbid conditions. However,

horacic epidural anesthesia and analgesia is a modifiable fac-

or that was associated with reduced odds for postoperative

entilatory support. Thus, the use of epidural analgesia may

educe the need for post-thoracotomy mechanical ventilation.

2009 Elsevier Inc. All rights reserved.

EY WORDS: anesthesia, thoracotomy, postoperative me-
ummarize the results. Intraoperative red blood cell transfu- chanical ventilation, lung resection, extubation
ELAYED POSTOPERATIVE EXTUBATION prolongs
the duration of recovery, increases cost, and may augment

ostoperative morbidity.1 Early extubation (defined as extubation
n the operating room [OR]) decreases resource utilization, im-
roves patients’ comfort, reduces morbidity related to mechanical
entilation, and possibly allows for early ambulation and rehabil-
tation.2,3 After thoracic procedures and especially after lung re-
ection, an additional benefit of limiting positive-pressure mechan-
cal ventilation may include reducing pressure stress on the lung
issue suture line, potentially decreasing postoperative air leak.4-6

Identifying patients at risk for delayed extubation may allow
linicians to institute appropriate interventions perioperatively,
hich might in turn decrease the duration of postoperative
entilatory support and allow for more efficient resource allo-
ation. The authors’ objective was to identify preoperative
ariables associated with delayed postoperative extubation af-
er thoracotomy for lung resection.

METHODS

The patient population consisted of 2,068 patients who had open
ung resection surgery (pneumonectomy, lobectomy, or segmental lung
esection) between January 1996 and December 2005. Preoperative

From the Departments of *General Anesthesiology, †Quantitative
ealth Sciences, ‡Outcomes Research, §Thoracic and Cardiovascular Sur-
ery, and ¶Cardiothoracic Anesthesia, Cleveland Clinic, Cleveland, OH.

Address reprint requests to Jacek B. Cywinski, MD, Department of
eneral Anesthesia/E31, Cleveland Clinic, 9500 Euclid Avenue, Cleve-

and, OH 44195. E-mail: cywinsj@ccf.org
© 2009 Elsevier Inc. All rights reserved.
1053-0770/09/2306-0002$36.00/0
emographic variables, comorbid conditions, laboratory values, and
perative and outcome variables were collected concurrently with
atient care by individuals trained in database management in the
epartment of Cardiothoracic Anesthesiology. Institutional review
oard approval was obtained to perform analyses from the department
egistry. Perioperative anesthetic care was not dictated by any specific
rotocol. Decisions about patient management were left to the discre-
ion of the attending anesthesiologist with the goal to provide optimal
urgical conditions and the ability to extubate at the end of the surgical
rocedure. However, it has been the authors’ practice to initiate epi-
ural catheters during the surgical procedure to achieve adequate
nalgesia at the time of emergence from general anesthesia.

Descriptive statistics were calculated for all key predictors and demo-
raphic variables. Continuous variables were described with median and
5th and 75th percentiles, with p values for tests of differences between the
groups (extubated in the OR v not extubated in the OR). Categoric

ariables were described with frequencies and percents, with p values for
ests of differences between groups. Univariate analysis was performed
ith a chi-square test or Fisher exact test and Wilcoxon rank sum test
here appropriate. Categoric outcomes in the two groups were compared
ith a chi-square test or Fisher exact test as appropriate.
Multivariable logistic regression was used to determine variables that

ere associated with postoperative ventilatory support. Risk factors were
elected by using logistic regression with a stepwise variable selection
rocedure on 1,000 bootstrap resamples. A bagging algorithm was used to
ummarize the results. Entry criterion and stay criterion for the stepwise
election processes were 0.07 and 0.05, respectively. The final logistic
egression models for the outcomes were built by using risk factors that
ppeared in 50% of all models from the bootstrap resamples.

RESULTS

Table 1 presents a comparison of patients who were extubated
n the OR versus those who arrived to a recovery area intubated,

ased on categoric preoperative and intraoperative variables. Pa-

nd Vascular Anesthesia, Vol 23, No 6 (December), 2009: pp 766-769

mailto:cywinsj@ccf.org
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767PROLONGED POSTOPERATIVE ENDOTRACHEAL INTUBATION
ients who were not extubated in the OR had more intraoperative
ed blood cell (RBC) transfusions, a history of preoperative stroke,
ower use of thoracic epidural analgesia (TEA), and a higher rate
f intraoperative use of lumbar epidural analgesia. A comparison
f continuous variables is summarized in Table 2. Patients who
ere not extubated in the OR had a lower preoperative forced

xpiratory volume in 1 second (FEV1), lower forced vital capacity
FVC), lower preoperative hematocrit and albumin, and higher
reoperative creatinine.

The median intubation time in the OR was 3.9 hours (with
5th and 75th percentile of 3.0 and 5.0 hours). The median
ostoperative intubation time (total intubation time minus the
R intubation time) was 7.93 hours, with the 25th percentile
eing 2.75 hours and the 75th percentile 20.67 hours for pa-

Table 1. Comparison of Patients Who Were Extubated in the OR

Categoric Preoperative

Factor Level

Male sex
No
Yes

History of COPD or asthma
No
Yes

History of diabetes
No
Yes

History of stroke
No
Yes

History of end-stage renal disease requiring dialysis
No
Yes

History of smoking
No
Yes

Intraoperative RBC transfusion
No
Yes

Intraoperative placement of intercostal nerve block
No
Yes

Use of thoracic epidural analgesia
No
Yes

Use of lumbar epidural analgesia
No
Yes

Procedure
SLR
LOL
CP

Reintubated
No
Yes

Abbreviations: LOL, lobectomy of lung; SLR, segmental lung resect
isease; RBC, red blood cell.
*Chi-square test unless noted.
†Fisher exact test.
ients who were not extubated in the OR. v
The final multivariate logistic regression identified the follow-
ng predictors of postoperative prolonged intubation: intraopera-
ive RBC transfusion (odds ratio � 2.68 [1.92, 3.74], p � 0.001),
bsence of TEA catheter (odds ratio � 2.27 [1.72, 3.03], p � 0.001),
levated preoperative serum creatinine level (odds ratio � 1.42 [1.20,
.69], p � 0.001), and preoperative FEV1 (per 1 unit decrease [odds
atio � 1.47 (1.23, 1.72), p � 0.001]) as well as the extent of the
ung resection for segmental lung resection, lobectomy, and com-
lete pneumonectomy (more extensive lung resection was predic-
ive of postoperative ventilation, Table 3 and Fig 1).

DISCUSSION

Early postoperative extubation after lung resection is desir-
ble because it saves medical resources and may help to avoid

us Those Who Arrived to a Recovery Area Intubated Based on

traoperative Variables

Arrived Extubated Arrived Intubated

otal N (%) N (%) p Value*

0.58
912 788 44.3 124 42.6

,156 989 55.7 167 57.4
0.17

,566 1,355 76.3 211 72.5
502 422 23.8 80 27.5

0.11
,820 1,572 88.5 248 85.2
248 205 11.5 43 14.8

0.023
,978 1,707 96.1 271 93.1

90 70 3.9 20 6.9
0.99†

,061 1,771 99.7 290 99.7
7 6 0.34 1 0.34

0.62
493 427 24.0 66 22.7

,575 1,350 76.0 225 77.3
�0.001

,857 1,643 92.5 214 73.5
211 134 7.5 77 26.5

0.46†
,064 1,774 99.8 290 99.7

4 3 0.17 1 0.34
�0.001

345 256 14.4 89 30.6
,723 1,521 85.6 202 69.4

�0.001
,892 1,637 92.1 255 87.6
176 140 7.9 36 12.4

�0.001
241 225 12.7 16 5.5

,501 1,298 73.0 203 69.8
326 254 14.3 72 24.7

�0.001
,882 1,649 92.8 233 80.1
186 128 7.2 58 19.9

P, complete pneumonectomy; COPD, chronic obstructive pulmonary
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entilator-related complications.6 An ability to identify periop-
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768 CYWINSKI ET AL
rative modifiable predictors of delayed extubation may help
linicians design interventions to reduce postoperative ventila-
ion time. However, identifying nonmodifiable predictors is
lso helpful because it allows patients to be risk stratified and
acilitates appropriate allocation of clinical resources.

Patients with poor preoperative lung function had a higher
ncidence of postoperative morbidity including prolonged me-
hanical ventilation.7 Lower preoperative FEV1 is frequently con-
idered a strong predictor of postoperative complications (includ-
ng prolonged mechanical ventilation) after lung resection,8

lthough it is not uniformly accepted as a predictor of postopera-
ive cardiopulmonary complications.6,9-11 In the authors’ patients,
ow preoperative FEV1 was associated with greater odds of post-
perative ventilation. However, it seems likely that lower FEV1 is
imply a marker for advanced lung disease, which would be
ifficult to correct with perioperative interventions. Recognizing
he association between low FEV1 and delayed postoperative
xtubation may nonetheless help allocate resources (ie, postoper-
tive disposition recovery room v intensive care unit) to patients
ho are likely to require postoperative mechanical ventilation.
The present investigation showed that intraoperative RBC

ransfusion was strongly predictive of delayed extubation. The
ssociation of intraoperative RBC transfusion with postopera-
ive intubation may well be related to the fact that RBC trans-

Table 2. Comparison of Patients Who Were Extubated in the OR

Continuo

Arrive

Factor N

Age (y) 1,777
BSA (m2) 1,777
BMI 1,777
Preoperative Measured FEV1 1,639
Preoperative Measured FVC 1,639
Preoperative HCT 1,776
Preoperative serum creatinine (mg/dL) 1,774
Preoperative albumin (g/dL) 1,738
Core temperature at the end of the case (°C) 1,720

Abbreviations: BSA, body surface area; BMI, body mass index; HC
*Wilcoxon sum rank test used.

Table 3. Risk Factors for Delayed Extubation From the

Multivariable Regression Model

Factor Odds Ratio (CI) p Value

Intraoperative RBC transfusion
(yes/no)

2.68 (1.92, 3.74) �.001

Preoperative serum creatinine 1.42 (1.20, 1.69) �0.001
Presence of thoracic epidural 0.44 (0.33, 0.58) �0.001
Lower preoperative

measured FEV1

1.47 (1.23, 1.72) �0.001

Type of procedure �0.001
SLR v CP: 0.33 (0.20, 0.56) �0.001
LOL v CP: 0.70 (0.52, 0.95) 0.022
SLR v LOL: 0.47 (0.30, 0.75) 0.001

Abbreviations: LOL, lobectomy of lung; SLR, segmental lung resec-
ion; CP, complete pneumonectomy; RBC, red blood cell; CI, confi-
 m

bence interval.
usion provokes a harmful inflammatory response that may
ontribute to lung injury.12 However, it is more likely that
igher requirements for intraoperative RBC are surrogates for
ore complex and technically difficult procedures, which

hemselves may adversely affect postoperative respiratory out-
omes.6 Furthermore, the need for RBC transfusion may indi-
ate that patients suffer advanced comorbid conditions, which
hen prompts clinicians to use more liberal thresholds for the
ransfusion as compared with “healthier” patients.

Adequate pain control after thoracic surgery may improve
entilatory function (better expansion of the chest, deeper res-
iration, and stronger coughing), which contributes to a pa-
ient’s readiness to be extubated.13 For example, Bauer et al14

howed that postoperative pain relief was better in patients
andomized to TEA after lobectomy at rest and on coughing (as
ompared with intravenous morphine) and that there was less
mpairment of FVC and FEV1 postoperatively. It is unknown if
he same beneficial effect of TEA on FVC and FEV1 can be
chieved immediately at the end of the surgical procedure, but
t is plausible to assume that reduction in pain and pain-related
mpairment of chest mechanics can facilitate earlier extubation.

Intraoperative activation of an epidural catheter also spares
pioids, which presumably improves postoperative respiratory
unction. Consistent with this theory, the authors found that the use

Fig 1. A forest plot showing odds ratio and 95% confidence inter-

al of all variables associated with prolonged intubation after open

horacotomy for lung resection. LOL, lobectomy of lung; SLR, seg-

us Those Who Arrived to a Recovery Area Intubated Based on

ariables

bated Arrived Intubated

an (25th, 75th) N Median (25th, 75th) p Value*

(56.5, 72.3) 291 66.6 (57.1, 72.5) 0.24
(1.7, 2.0) 291 1.8 (1.7, 2.0) 0.21
(23.3, 30.1) 291 26.3 (22.2, 30.5) 0.61
(1.7, 2.8) 267 2.0 (1.6, 2.5) �0.001
(2.5, 4.0) 266 2.9 (2.3, 3.6) �0.001
(37.6, 43.2) 291 39.7 (36.3, 42.8) 0.003
(0.7, 1.0) 291 1.0 (0.8, 1.1) �0.001
(3.9, 4.4) 282 4.1 (3.8, 4.3) �0.001
(35.5, 36.5) 279 36.0 (35.5, 36.5) 0.81

atocrit.
Vers

us V

d Extu

Medi

65.0
1.9

26.3
2.2
3.2

40.5
0.9
4.2

36.0

T, hem
ental lung resection; CP, complete pneumonectomy; RBC, red

lood cell.
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769PROLONGED POSTOPERATIVE ENDOTRACHEAL INTUBATION
f TEA improved the odds of OR extubation in the present
atients. Other methods of postoperative pain control after thora-
otomy have been reported in the literature including paravertebral
nd intercostal blocks and interpleural and subarachnoid adminis-
ration of drugs. Among these alternatives, paravertebral blocks
ppear to be the most effective alternative when epidural blocks
annot be performed.15,16 Thus, it seems likely that a paravertebral
lock would provide benefits similar to TEA.

Preoperative renal dysfunction is a well-recognized risk for in-
reased morbidity after cardiac and thoracic surgery.7 Renal impair-
ent is considered by many as a marker of cardiovascular dysfunc-

ion and by itself can make perioperative fluid management more
ifficult, potentially affecting lung function after resection.7 As
ight be expected, elevated preoperative creatinine was associated
ith delayed endotracheal extubation in the present patients.
The authors found that the volume of the surgical lung resection

as a good predictor of delayed postoperative extubation (the
ore extensive the resection, the greater the chance for postoper-

tive mechanical ventilation). However, it would be an oversim-
lification to assume that a larger volume of resected lung tissue
lone predisposes to extended mechanical ventilation because in
any cases the resected, diseased portion of the lung does not

articipate in respiratory function. That fact can explain why in the
resent analysis preoperative FEV1 was strongly associated with
he chance for postoperative ventilation without adjustment for the
oss of lung function after resection.

Of course, extensive lung resection is also likely to be a surrogate
or a more advanced and/or extensive disease process, which

resumably contributes independently to postoperative respiratory t
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orbidity after lung resection. Eur J Cardiothorac Surg 31:518-521, 2007
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orbidity. Clinicians must also consider that factors besides the
xtent of lung tissue removed account for the loss in respiratory
unction observed early after lung resection including impairment
n chest wall compliance, accumulated bronchial secretions, bron-
hial hyperreactivity, microatelectasis, increased lung water content,
iaphragmatic dysfunction, and reduced surfactant activity.17,18

The main limitation of the present analysis is its retrospec-
ive nature, which could not account for all variables, poten-
ially affecting decisions of when to extubate the patient. Fur-
hermore, patients in the present study represent a population
reated over a period of 9 years; hence, changes in the practice
ould play a role in the decision regarding timing of extubation.
nd, finally, the authors were unable to analyze the association
etween predicted postoperative FEV1 and delayed extubation,
hich might have been, as some suggest, a stronger predictor
f postresection lung function than preoperative FEV1 alone.
In summary, the authors found most predictors of delayed

ndotracheal extubation to be difficult to correct in the perioper-
tive period. Lower FEV1, elevated preoperative creatinine, and
ntraoperative requirements for RBC transfusion may simply rep-
esent a more advanced underlying lung disease, advanced comor-
id conditions, or technically more difficult surgical procedures.
ecognizing the predictive importance of these factors may none-

heless help identify patients at risk for extended postoperative
echanical ventilation and help to allocate postoperative re-

ources. In contrast, the use of TEA is a straightforward interven-
ion that may reduce the odds of prolonged postoperative ventila-

ion.
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