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ABSTRACT

Background: This study aims to compare intensive care unit
(ICU) outcomes of patients with lung cancer who developed acute
respiratory failure after pneumonectomy or lobectomy.

Methods: This retrospective observational cohort study included 57
lung cancer patients admitted to ICU who developed acute respiratory
failure after pneumonectomy or lobectomy. Patients were divided as
pneumonectomy (group 1; 19 males, 1 females; median age 65 years)
and lobectomy (group 2; 36 males, 1 females; median age 62 years)
groups. Pulmonary function test, invasive or noninvasive mechanical
ventilation results, duration of ICU stay, and ICU mortality and
long-term mortality were recorded. The groups were compared
according to the recorded data.

Results: In group 1 and group 2, median preoperative forced expiratory
volume in one second values were 1.58 L (predicted 61%) and
1.82 L (predicted 63%), respectively (p=0.82). Rates of patients with
acute respiratory failure due to postoperative sepsis were similar in
group 1 (65%) and group 2 (52.6%) (p=0.37). Group 1 and group 2 had
similar median duration of ICU stay (9 and 8 days, respectively; p=0.76),
ICU mortality (30.0% and 18.6%, respectively; p=0.34), and long term
survival (n=6, 11 months; n=21, 5 months, respectively; p=0.79).

Conclusion: Lung cancer patients who were performed
pneumonectomy or lobectomy might require ICU stay due to
postoperative sepsis. Our study suggests that ICU mortality and
long-term survival are not affected by the type of lung resection in
these patients.

Keywords: Acute respiratory failure; intensive care unit; lobectomy; lung
cancer; pneumonectomy.

oz

Amag: Bu ¢alismada pnomonektomi veya lobektomi sonrasi akut
solunum yetmezligi gelisen akciger kanserli hastalarin yogun bakim
unitesi (YBU) sonuglari kargilagtirildi.

Caligma plani: Bu geriye donuk gozlemsel kohort caligmaya
pnomonektomi veya lobektomi sonrasi akut solunum yetmezligi
gelisip YBU’ye kabul edilen 57 akciger kanseri hastasi dahil
edildi. Hastalar pnomonektomi (grup 1; 19 erkek, 1 kadin; ortanca
yas 65 yil) ve lobektomi (grup 2; 36 erkek, 1 kadin; ortanca yas
62 yil) gruplarina ayrildi. Solunum fonksiyon testi, invaziv veya
noninvaziv mekanik ventilasyon sonuglari, YBU’de kalis suresi,
YBU mortalitesi ve uzun donem mortalite kaydedildi. Gruplar
kaydedilen verilere gore karsilagtirildi.

Bulgular: Grup 1 ve grup 2’de ameliyat Oncesi ortanca birinci saniye
zorlu ekspirasyon volumu degerleri sirasiyla 1.58 L (beklenen %61)
ve 1.82 L (beklenen %63) idi (p=0.82). Ameliyat sonrasi sepsise
bagl1 akut solunum yetmezligi olan hasta oran1 grup 1 (%65) ve grup
2’de (%52.6) benzer idi (p=0.37). Grup 1 ve grup 2’nin ortanca YBU
kalis suresi (sirastyla 9 ve 8 gn, p=0.76), YBU mortalitesi (sirastyla
%30.0 ve %18.6, p=0.34) ve uzun donem sagkalimlar1 benzerdi
(sirastyla n=6, 11 ay; n=21, 5 ay, p=0.79).

Sonug¢: Pnomonektomi veya lobektomi uygulanan akciger kanseri
hastalarinin ameliyat sonrasi sepsis nedeniyle YBU’de kalmasi
gerekebilir. Calismamiz bu hastalarda YBU mortalitesinin ve uzun
donem sagkalimin akciger rezeksiyonu turiinden etkilenmedigine
isaret etmektedir.

Anahtar sozciikler: Akut solunum yetmezligi; yogun bakim unitesi;
lobektomi; akciger kanseri; pnomonektomi.
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It is well known that non-small cell lung cancer
(NSCLC) patients who had postoperative respiratory
failure that required mechanical ventilation are
associated with limited pulmonary functions and
cardiovascular comorbidity.!"¥ In addition, the type
of surgical procedure, especially an extensive lung
resection (pneumonectomy), contributes independently
to postoperative respiratory morbidity. Besides the
extensive surgical procedure, the extension of the
cancer affects the patient’s outcome.™ After both
pneumonectomies and lobectomies, some patients
required prolonged postoperative intubation because
of an inability to spontaneously breathe in the early
postoperative period or in the recovery room, which
resulted in them being referred to the intensive care
unit (ICU).®!

To best of our knowledge, there has been no
definitive study in the English literature that has
evaluated the outcomes of pneumonectomies or
lobectomies in the ICU, and only limited data exists
concerning those patients’ pulmonary functions, length
of ICU stays, and long-term outcomes. In this study,
we compared the ICU data and outcomes for acute
respiratory failure (ARF) patients who underwent
pneumonectomies and lobectomies along with their
long-term survival rates.

PATIENTS AND METHODS

This retrospective observational cohort study was
conducted between January 2008 and December 2011
in a tertiary chest and thoracic surgery education and
research hospital. The intensive care management
of the patients was done by the same pulmonary
intensivists in a 22-bed level III respiratory ICU. The
study was approved by the local ethics committee.

Fifty-seven consecutive lung cancer patients
(55 males and 2 females) who had resections via either a
pneumonectomy or lobectomy and who had been admitted
to the ICU with ARF were included in this study. Group
1 consisted of patients who had a pneumonectomy while
group 2 was composed of those who had a lobectomy.
Additionally, the study was open only to patients with a
histopathological diagnosis of NSCLC.

The preoperative evaluation included obtaining
the patients’ medical history, giving a physical
examination, and performing routine blood tests,
electrocardiography (ECG), a pulmonary function
test (PFT), and a perfusion lung scan. In addition,
spirometry (Zan GPI 3.00, nSpire Health, Longmont,
Colorado, USA) was performed according to the
European Respiratory Society (ERS) guidelines® to
obtain the forced expiratory volume in one second

324

(FEV)), percentage of the predicted FEV; (%),
forced vital capacity (FVC), percentage of predicted
FVC (%), and FEV|/FVC ratio. If the FEV| was more
than 80% of the predicted norm or more than two
liters, the patient was considered to be suitable for
a pneumonectomy without any further evaluation,”
and if the FEV; was more than 1.5 liters, the patient
was considered suitable for a lobectomy without any
further evaluation. Those patients with FEV| values
of less than 80% of the predicted norm underwent
additional tests such as a ventilation-perfusion scan
with technetium-99m, after which calculations were
made to understand the postoperative lung reserve
of the patients. The predicted postoperative FEV|
(ppoFEV)) for the pneumonectomy candidates was
calculated using the following formula: preoperative
FEV; x rate of perfusion of remaining lung/perfusion
of total ipsilateral lung. Furthermore, a quantitative
radionuclide perfusion scan was performed to measure
the relative function of each lung. The ppoFEV; for
the lobectomy was calculated with a similar to the
perfusion scan using the number of segments removed
via the following formula: the preoperative FEV x the
number of segments which is remaining/the number of
total segments.

The patients who underwent a lung resection were
followed up in the recovery room for a period ranging
from a few hours to 24 hours by an anesthesiologist
after surgery. Those who were spontaneously breathing
were either extubated in the operating room or in the
recovery room after a few hours had passed. The stable
patients were admitted to the surgical ward after being
extubated in the recovery room. The patients who
needed respiratory support via mechanical ventilation
or who were clinically unstable (hemodynamically
unstable, hypotensive, or hypoxemic [partial arterial
oxygen pressure over fractionated inspired oxygen
(PaO2/FiO3) of <200] or those with a systolic pressure
<90 mmHg were admitted to the respiratory ICU.
The ICU patients were cared for with both invasive
and noninvasive mechanical ventilation (IMV and
NIMV). The NIMV was applied when it was not
contraindicated,’® whereas the IMV was applied
when the NIMV was not suitable or when it was
contraindicated.”®

The pressure assist-control mode was initially
chosen for the IMV, and the inspiratory positive
airway pressure (IPAP) was set to have a tidal
volume of 250-300 mL for the pneumonectomies and
300-350 mL for the lobectomies. We also paid special
attention to make sure that the plateau pressure was less
than 35 cm H»O and that the positive end-expiratory
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pressure (PEEP) was cautiously applied with less than
5 cm H7O. In addition, the respiratory rate was set at
12-20 breaths/minute. All of the patients were weaned
using our normal ICU protocol, which we adapted
from the ERS protocol.”’ The patients’ TPAP settings
were then slowly raised from 5 cm H»0 to 25 cm H20
using the ventilators in the NIMV mode. Furthermore,
the sedation and agitation levels of the patients were
determined according to the Richmond Agitation-
Sedation Scale (RASS).I""

All of the patients’ data was recorded retrospectively
from an electronic database and written medical
records, and information regarding age, gender, body
mass index (BMI), comorbid diseases such as chronic
obstructive pulmonary diseases (COPD)!! diabetes
mellitus (DM), arrhythmia [atrial fibrillation (AF) and
supraventricular tachycardia), hypertension (HT), type
of surgery (pneumonectomy or lobectomy), and the
preoperative PFT results of both groups was obtained.
Those patients who were 70 years old or older were
deemed to be elderly.'"” Moreover, the C-reactive
protein (CRP) levels, leukocyte counts, serum albumin
levels, and blood biochemistry results (blood glucose
and creatinine) were recorded when the patients were
admitted to the hospital for the surgery and when they
were admitted to the ICU. The IMV/NIMV demand
and duration and arterial blood gas (ABG) values were
also recorded. In addition, the ICU severity score was
evaluated using the Acute Physiology and Chronic
Health Evaluation II (APACHE II) after admission
to the ICU.'"Y Postoperative respiratory failure and
ICU demand were defined as having hypoxemia
(paO2/FiO2 <300) as well as either sepsis, severe
sepsis, or septic shock.!¥

Statistical analysis

The two groups were compared using the Mann-
Whitney U test for nonparametric continuous variables,
Student’s t-test for parametric continuous variables,
and a chi-square test for dichotomous variables. The
median and interquartile range (IQR) were used
to describe the nonparametric continuous variables,
and mean + standard deviation (SD) was used for
the parametric continuous variables. Furthermore,
numerical values and percentages were used when
applicable, and the Kaplan-Meier survival analysis
was used to determine long-term survival. A p value
of <0.05 was considered to be statistically significant.

RESULTS

The patient demographics along with their pre-
and postoperative surgical and ICU outcomes are
summarized in Table 1. The groups were similar

with respect to age, BMI, gender distribution, and
comorbid diseases. The preoperative PFT results were
also similar, except for FEV{/FVC. The majority of
the patients had American Society of Anesthesia
(ASA) scores ranging from 2-3, and approximately
80% of the patients in each group were successfully
extubated within six hours postoperatively. The
revision surgery rate was nearly four times higher in
group 1, but this did not reach statistical significance.
Sepsis was the major reason for respiratory failure
and ICU demand in groups 1 and 2 (65% and 54%,
respectively) and about 90% of the patients with
ARF were intubated before being admitted to the
respiratory ICU (Table 1).

Groups 1 and 2 had similar basic blood chemistry
results (Table 2), but the serum albumin levels were
significantly lower in group 1 (p=0.034). Moreover,
the ABG analysis upon admission to the respiratory
ICU were similar in both groups (Table 2). We also
determined that approximately 90% of the patients in
the two groups were initially ventilated with IMV but
that after extubation, half of the patients underwent
NIMYV (Table 2). Furthermore, the patients in group 2
(41.4%) needed a higher rate of IMV (more than 14 days)
than those in group 1 (22.2%) (Table 2). Although not
statistically significant, the number of patients who
required a blood transfusion during their stay in the
ICU was four times higher in group 2 than in group 1
(21% vs. 5%, respectively). Furthermore, the length of
time spent in the respiratory ICU was similar in both
groups as was the mortality and long-term survival rate
in months (Table 2).

Figure 1 shows the similar long-term survival rates
of groups 1 and 2 (p=0.79). Twenty-seven patients
were discharged from the respiratory ICU; the patients
with pneumonectomies (n=6) median survival was 11
months (IQR, 3-25) and the patients with lobectomies
(n=21) median survey was five months (IQR, 1-17).
However, this difference was not statistically significant
(Figure 1).

DISCUSSION

This study demonstrated that ICU outcomes and the
long-term survival rates of patients who undergo either
a pneumonectomy or lobectomy due to lung cancer did
not differ significantly. However, we determined that
the patients who were followed up in the ICU because
of respiratory failure after a lung resection showed
signs of pulmonary infections, higher inflammatory
markers, and lower preoperative PFT results.

Two past studies with very large sample
sizes found mortality rates of between 1.2 and
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Table 1. Patient demographics and pre- and postoperative surgical intensive care unit outcomes of groups 1 and 2

Variables Group 1 (n=20) Group 2 (n=37)
n % Median Range n % Median Range P
Age 65 61-71 62 59-68 0.38
Gender
Female 1 1 0.65
Male 19 36
Body mass index 25 23-27 24 21-25 0.39
Comorbidity factors
Chronic obstructive pulmonary diseases 9 45 16 432 0.90
Diabetes mellitus 1 5 5 108 0.46
Hypertension 3 15 14 378 0.07
Cardiac arrhythmia 6 30 13 351 0.70
Preoperative pulmonary function tests
FEV; () 1.58 1.38-1.90 1.82 1.54-2.27 0.26
FEV; (predicted %) 61 53-81 63 51-711 0.82
FVC (L) 2.26 1.87-2.78 2.31 1.81-2.85 0.73
FVC (predicted %) 63 51-79 61 55-74 0.87
FEV//FVC 74 67-79 87 71-90 0.009
Pre- and postoperative evaluations
ASA 1 1 5 6 162 0.45
ASA 2 10 50 15 406
ASA 3 9 45 16 432
Postoperative extubation
Postoperative early (<6 hours) extubation 15 75 30 8l1.1 0.73
Postoperative extubation failure 5 25 8 140
Extubation day; median (IQR) 1 1-1 1 1-2 0.27
Operation for revision 4 20 2 54 0.08
Postoperative ICU day; median (IQR) 6 4-7 4 2-5 0.050
Postoperative IMV day; median (IQR) 2 0-4 2 1-6 0.29
Postoperative re-intubation reasons
Respiratory failure 7 35 18 48.6 0.37
Sepsis 13 65 20 541
Admission to respiratory ICU
Intubation 18 90 30 8l.1 0.39
NIMV 2 10 5 135
High-flow oxygen 0 0 3 8.1

FEV1: Forced expiratory volume in one second; FVC: Forced volume capacity; ASA: American Society of Anesthesia; IQR: Interquartile range; ICU: Intensive
care unit; IMV: Invasive mechanical ventilation, NIMV: Non-invasive mechanical ventilation.

4.2% for lobectomies and 3.2 and 11.6% for
pneumonectomies.!'>!® In this study, although the
overall lung resection mortality rate in our hospital
was not included in the data, the mortality rates for
lobectomies and pneumonectomies in the ICU were
18.9% and 30.0%, respectively. We previously found
that postoperative respiratory failure was affected
independently by the type of surgery and that the
demand for mechanical ventilation was correlated
with advanced disease and lower PFT scores.!'”)

Several studies have shown that the postoperative
complications associated with these procedures are
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primarily cardiac in nature and include myocardial
infarction (MI), stroke, and severe arrhythmias.!!3-2%
In this study, we determined that a third of the patients
had arrhythmias, despite having similar heart rates
and HT, and that the arrhythmia rates were higher in
group 2 than in group 1 (35% vs. 15%). This might be
explained by the fact that the long-term survival of
the majority of patients in group 2 (11 months) was
twice as high as those in group 1 (5 months).

Perioperatively, age and comorbid diseases
were important factors related to the morbidity and
mortality of our patients with lung cancer. Recently
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Table 2. Respiratory intensive care unit outcomes of groups 1 and 2

Variables Group 1 (n=20) Group 2 (n=37)
n % Median Range n % Median Range p
APACHE 1I score upon
admission to the ICU 20 16-25 22 17-28 0.82
Biochemistry results in the ICU
Blood glucose (mg/dL) 140 113-179 123 108-139 0.11
Serum albumin (mg/dL) 2.5 2.1-2.8 2.1 1.7-2.4 0.034
Serum creatinine 0.8 0.6-1.1 0.9 0.7-1.0 0.81
Leucocyte count (x10°/mL) 139 11.2-18.2 13.4 10.0-15.9 0.50
C-reactive protein (mg/dL) 149 83-203 192 116-237 0.22
Arterial blood gas results upon
admission to the ICU
pH 7.44 7.39-7.50 7.44 7.37-7.50 0.58
PaCO, (mmHg) 46 7-5 41 37-55 0.81
Pa0,/FiO; 127 74-231 133 93-180 0.82
Mechanical ventilation
Noninvasive ventilation 9 450 13 351 0.47
Noninvasive ventilation (days) 3 2-5 3 2-6 0.70
Invasive ventilation 18 90 30 81.1 0.38
Invasive ventilation
(median IQR in days) 5 3-10 7 3-17 0.26
Invasive ventilation longer
than 14 days 4 222 12 414 0.18
Sepsis 13 65 20 541 0.42
Septic shock 10 50 13 351 0.28
Blood transfusion 1 5 8 216 0.10
Patients with thoracic tube 6 30 18 48.6 0.17
Length of ICU stay in (days) 9 6-13 8 5-22 0.76
Mortality 6 30.0 7 189 0.34
Median survival (months) 11 3-25 5 1-17 0.51

APACHE II: Acute Physiology and Chronic Health Evaluation; ICU: Intensive care unit; PaCO»: Partial pressure of arterial carbondioxide; PaO/FiO;: Partial
pressure of arterial oxygen over fractionated pressure of inspired oxygen; IQR: Interquartile range.

Takamochi et al.'® compared 409 elderly lung
cancer patients (=70 years) and 664 younger patients
(<70 years) with regard to morbidity and mortality
and found that the mortality and morbidity rates were
higher for the elder patients.''” In addition, Sekine
et al.l?!l determined that for postoperative patients
diagnosed with NSCLC who underwent thoracic
surgical procedures, pulmonary complications
occurred more frequently in COPD patients than in
non-COPD patients and that the major cause of non-
cancer-related deaths in their COPD patient group
was respiratory failure. In our study, approximately
50% of the patients in both groups had COPD.

Karakurt et al.?? found that patients who undergo
extended surgical procedures require prolonged
mechanical ventilation, and they believed that this
might have been the reason for the profound alterations
in diaphragm functions and respiratory mechanics

in their patients. They also determined that their
patients who experienced weaning failure had higher
blood glucose levels, lower PaO2/FiO2, and increased
mortality. We did not measure diaphragm functions
in our study, but the number of patients who had a
prolonged weaning period of longer than 14 days
was higher in group 2 (41%) than in group 1 (22%).
After lung resection, the rate of ICU demand due
to acute respiratory distress is 2.5% for lobectomies
and 3.9% for pneumonectomies,”?¥ and Dulu et
al.”?¥ indicated that earlier ICU admission may lead
to favorable patient outcomes for those who undergo
these procedures. In our study, the majority of patients
had hypoxemia along with elevated inflammatory
and infectious markers, and half were diagnosed with
septic shock. The mortality rate was higher in those
patients who had septic shock. In contrast, Dulu et
al.?! reported that ICU mortality occurred in the
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Figure 1. Comparison of the long-term survival after ICU
discharge of the pneumonectomy (group 1) and lobectomy
(group 2) patients.

majority of their patients who were admitted early to
the ICU.

The main limitation of our study was that it was a
retrospective, single-center cohort. In addition, because
of the specific patient population, our results may not
apply to all lung resection patients. Therefore, further
randomized controlled studies must be conducted
with a larger patient population. Furthermore, the
inflammatory markers in this study were recorded
upon admission to the ICU, and even though the
majority of the patients in both groups were admitted to
the ICU a couple of days after the surgery, we accepted
that these values were still remarkable. Moreover, we
did not record the pathogen of the sepsis/severe sepsis;
however, the presence of sepsis and the mortality rates
were statistically similar in both groups of patients in
the ICU. Hence, a further detailed clarification of the
pathogens may not have aided our results. Finally, the
overall mortality rate in our hospital for lobectomies
and pneumonectomies was not taken into account
because our aim was to evaluate the ICU outcomes of
the patients who had ARF.

The strength of our study was that all the patients
in the ICU are followed around the clock during their
hospital stays by pulmonary intensivists who were
very familiar with the management of pulmonary
complications, ventilator settings, and weaning
procedures.
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Conclusion

In a very specific patient population made up of
lung cancer patients with borderline lung functions,
presence of infection seems to be the most important
reason for intensive care demand. Our findings showed
that patients who underwent lung cancer resection via
either lobectomies or pneumonectomies and had been
admitted to the ICU because of ARF have similar ICU
and long-term survival outcomes.

Declaration of conflicting interests

The authors declared no conflicts of interest with
respect to the authorship and/or publication of this
article.

Funding

The authors received no financial support for the
research and/or authorship of this article.

REFERENCES

1. Wright CD, Gaissert HA, Grab JD, O’Brien SM, Peterson
ED, Allen MS. Predictors of prolonged length of stay after
lobectomy for lung cancer: a Society of Thoracic Surgeons
General Thoracic Surgery Database risk-adjustment model.
Ann Thorac Surg 2008;85:1857-65.

2. Melley DD, Thomson EM, Page SP, Ladas G, Cordingley
J, Evans TW. Incidence, duration and causes of intensive
care unit admission following pulmonary resection for
malignancy. Intensive Care Med 2006;32:1419-22.

3. Cywinski JB, Xu M, Sessler DI, Mason D, Koch CG.
Predictors of prolonged postoperative endotracheal intubation
in patients undergoing thoracotomy for lung resection. J
Cardiothorac Vasc Anesth 2009;23:766-9.

4. Nagai K, Yoshida J, Nishimura M. Postoperative mortality
in lung cancer patients. Ann Thorac Cardiovasc Surg
2007;13:373-7.

5. Desiderio D, Downey R. Critical issues in early extubation
and hospital discharge in thoracic oncology surgery. J
Cardiothorac Vasc Anesth 1998;12:3-6.

6. Pellegrino R, Viegi G, Brusasco V, Crapo RO, Burgos F,
Casaburi R, et al. Interpretative strategies for lung function
tests. Eur Respir J 2005;26:948-68.

7. Beckles MA, Spiro SG, Colice GL, Rudd RM; American
College of Chest Physicians. The physiologic evaluation of
patients with lung cancer being considered for resectional
surgery. Chest 2003;123:105-114.

8. International Consensus Conferences in Intensive Care
Medicine: noninvasive positive pressure ventilation in
acute Respiratory failure. Am J Respir Crit Care Med
2001;163:283-91.

9. Boles JM, Bion J, Connors A, Herridge M, Marsh B, Melot
C, et al. Weaning from mechanical ventilation. Eur Respir J
2007;29:1033-56.

10. Sessler CN, Gosnell MS, Grap MJ, Brophy GM, O’Neal PV,
Keane KA, et al. The Richmond Agitation-Sedation Scale:
validity and reliability in adult intensive care unit patients.



Yazicioglu Mogin et al. Postoperative lung cancer patients in ICU

11.

12.

13.

14.

15.

16.

17.

Am J Respir Crit Care Med 2002;166:1338-44.

Fromer L, Cooper CB. A review of the GOLD guidelines for
the diagnosis and treatment of patients with COPD. Int J Clin
Pract 2008;62:1219-36.

Takamochi K, Oh S, Matsuoka J, Suzuki K. Risk factors
for morbidity after pulmonary resection for lung cancer in
younger and elderly patients. Interact Cardiovasc Thorac
Surg 2011;12:739-43.

Knaus WA, Draper EA, Wagner DP, Zimmerman JE.
APACHE II: a severity of disease classification system. Crit
Care Med 1985;13:818-20.

Dellinger RP, Levy MM, Carlet JM, Bion J, Parker MM,
Jaeschke R, et al. Surviving Sepsis Campaign: international
guidelines for management of severe sepsis and septic shock:
2008. Crit Care Med 2008;36:296-327.

Romano PS, Mark DH. Patient and hospital characteristics
related to in-hospital mortality after lung cancer resection.
Chest 1992;101:1332-7.

Wada H, Nakamura T, Nakamoto K, Maeda M, Watanabe
Y. Thirty-day operative mortality for thoracotomy in lung
cancer. J Thorac Cardiovasc Surg 1998;115:70-3.

Varela G, Jiménez MF, Novoa N, Macri P. Discordance
between predicted postoperative forced expiratory volumes in
one second (ppoFEV1) calculated before and after resection
of bronchogenic carcinoma. Interact Cardiovasc Thorac Surg

18.

19.

20.

21.

22.

23.

24.

2003;2:138-42.

Licker M, de Perrot M, Hohn L, Tschopp JM, Robert J,
Frey JG, et al. Perioperative mortality and major cardio-
pulmonary complications after lung surgery for non-small
cell carcinoma. Eur J Cardiothorac Surg 1999;15:314-9.
Bernard A, Ferrand L, Hagry O, Benoit L, Cheynel N, Favre
JP. Identification of prognostic factors determining risk
groups for lung resection. Ann Thorac Surg 2000;70:1161-7.
Sedrakyan A, Zhang H, Treasure T, Krumholz HM.
Recursive partitioning-based preoperative risk stratification
for atrial fibrillation after coronary artery bypass surgery.
Am Heart J 2006;151:720-4.

Sekine Y, Behnia M, Fujisawa T. Impact of COPD on
pulmonary complications and on long-term survival of patients
undergoing surgery for NSCLC. Lung Cancer 2002;37:95-101.
Karakurt Z, Fanfulla F, Ceriana P, Carlucci A, Grassi M,
Colombo R, et al. Physiologic determinants of prolonged
mechanical ventilation in patients after major surgery. J Crit
Care 2012;27:221.e9-16.

Dulu A, Pastores SM, Park B, Riedel E, Rusch V, Halpern
NA. Prevalence and mortality of acute lung injury and
ARDS after lung resection. Chest 2006;130:73-8.

Kutlu CA, Williams EA, Evans TW, Pastorino U, Goldstraw
P. Acute lung injury and acute respiratory distress syndrome
after pulmonary resection. Ann Thorac Surg 2000;69:376-80.

329



