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Abstract

Aim-Background: The aim of this study was to evaluate the complications after major pulmonary resections for
lung cancer and identify the risk factors associated with the occurrence of complications. We studied risk factors
related to both clinical and laboratory characteristics of patients and those related to tumour stage, histology and
type of surgery.

Methods: Between January 2011 and June 2012, 89 patients (mean age 64.4, ranging from 37 to 82 years) underwent
major pulmonary resection at our institution for treatment of lung cancer. A univariate analysis was conducted to
determine whether there were statistically significant group differences in the variables. Logistic regression analysis
was performed to assess the impact of variables on the emergence of complications after the operation, including
categorical and continuous variables.

Results: Complications occurred in 64% of patients, 79% of whom displayed complications that were not potentially
life-threatening, 12.4% experienced a life-threatening complication, and 4.5% died. Intraoperative and postoperative
bleeding, myocardial infarction, pulmonary embolism, bronchopleural fistula, adult respiratory distress syndrome,
postoperative pneumonia and need for reoperation were among the complications that were considered as being
potentially dangerous.

Conclusions: The preoperative haemoglobin levels and the need for transfusion are strongly associated with the
occurrence of complications. Complications occurred in 75% of patients with chronic obstructive pulmonary dis-
ease, albeit these complications were not life-threatening. Diabetes mellitus is associated with critical complications.
Prolonged hospitalization was observed primarily for persistent air leak, atelectasis, fever, and particularly after a

right-sided procedure.
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Introduction-aim

The basic aim of this study was to identify complica-
tions after major pulmonary resections for lung cancer and
identify the risk factors associated with the occurrence of
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complications. We studied risk factors related to both clinical
and laboratory characteristics of patients and those related
to tumour stage, histology and type of surgery.

The secondary objective of the study was to identify the
causes and risk factors that lead to prolonged hospitalization
and hence a significant increase in healthcare costs, as well as
to describe the characteristics of patients who either died or
experienced serious complications such as adult respiratory
distress syndrome (ARDS), bronchopleural fistula (BPF).

Complications tend to be classified according to when
they occur: in the intraoperative or postoperative period.
Early complications are conditions appearing in the immedi-
ate postoperative period within 30 days after thoracotomy
[1]-[10]. For the purposes of this study, late complications
are considered all events occurring beyond 30 days (Table 1).

Methods
Patients and preoperative assessment

From January 2011 to June 2012, 89 patients (19 females)
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Table 1. Complications after major pulmonary resections for
lung cancer. A bibliographic review

1. Intraoperative complications

1.1. Vessel injury (pulmonary vein or branch of the
pulmonary artery)

1.2. Cardiac complications (arrhythmias, myocardial
ischaemia)

1.3. Contralateral pneumothorax
2. Early postoperative complications
2.1. Postoperative haemorrhage
2.2. Bronchovascular fistula
2.3. Cardiac Herniation
2.4. Tamponade
2.5. Arrhythmias
2.6. Cardiac failure
2.7. Myocardial ischaemia - Myocardial infarct
2.8. Deep venous thrombosis — Pulmonary embolism
2.9. Shunt Dx—Sx
2.10. Pneumonia
2.11. Post- pneumonectomy pulmonary oedema
2.12. Respiratory failure
2.13. Atelectasis
2.14. Lobar torsion
2.15. Lung infarct after angioplastic resection
2.16. Air leak
2.17. Emphysema subcutaneous
2.18. Residual pleural space
2.19. Pleural effusion
2.20. Chylothorax
2.21. Bronchopleural fistula
2.22. Empyema
2.23. Oesophageal injury — Oesophagopleural fistula
2.24. Wound infection
2.25. Wound dehiscence
2.26. Peripheral embolism from tumour emboli
2.27. Acute renal failure
2.28. Massive gastrointestinal bleeding
2.29. Stroke
2.30. Phrenic nerve injury
2.31. Recurrent laryngeal nerve injury
2.32. Spinal cord injury
2.33. Dura Madre injury
2.34. Fever
3. Late postoperative complications
3.1. Post-thoracotomy pain
3.2. Post-pneumonectomy syndrome
3.3. Late empyema
3.4. Intrathoracic haematoma
3.5. Mycetoma
4. Death
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aged 37-82 years underwent major pulmonary resection
(lobectomy, bilobectomy or pneumonectomy) for lung
cancer at Sismanogleio General Hospital in Athens.

A preoperative diagnosis was made in 72 patients
(80.9 %). Neoadjuvant chemotherapy was given in five
cases for downstaging. Standard preoperative evaluation
included a detailed clinical history and physical examina-
tion, chest radiography, fibre optic bronchoscopy, chest,
upper abdomen and brain CT scanning. Twelve patients
were submitted to bone scintigraphy with technetium 99
(*Tc) due to clinical suspicion of bone metastasis, and eight
underwent positron tomography (PET) in the context of
investigating suspicious mediastinal lymphadenopathy[11].
No patient was subjected to invasive mediastinal exploration
with cervical mediastinoscopy or anterior mediastinotomy.
Transthoracic needle biopsy (TTNB) enabled diagnosis in
32 patients.

As part of the preoperative assessment, a fibre optic
bronchoscopy was performed on all patients. Endobron-
chial biopsies and bronchial washings followed, with a
daily collection of three sputum specimens for at least three
days. Transbronchial needle biopsy (TBNA) confirmed a
preoperative diagnosis in 14 patients.

All patients underwent spirometric pulmonary function
tests. Pulmonary function tests were performed while the
patient was at rest in a seated upright position. These tests
consisted of spirometry using the Cosmed FX pony spirom-
eter (Cosmed Srl, Rome, Italy). All respiratory function tests
were performed according to the American Thoracic Society
(ATS)/European Respiratory Society (ERS) guidelines [12].

In 25 cases presenting low forced expiratory volume in
the first second (FEV,), in whom a major lung resection
could increase morbidity or even be prohibitive, further
testing was carried out to measure the diffusion capacity
for carbon monoxide (DLCO). According to radiological
and endoscopic findings, four of these patients seemed to be
candidates for pneumonectomy, and were hence submitted
to lung perfusion scintigraphy calculating the postopera-
tive FEV,. All patients were evaluated preoperatively by a
cardiologist and underwent a complete electrocardiogram
and echocardiogram.

A preoperative anaesthetic assessment of the patients
was made. All patients were informed in detail of the type
of surgery, possible alternatives, potential complications
and risks, as well as the impact of the operation on the
quality of life (work, hobbies, sport activities and social
life). They were also informed about the possible need for
supplementary treatments (chemotherapy or radiotherapy)
based on intraoperative and histological findings.

Surgical treatment

All patients were operated on by the same surgical team.
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The majority of patients (92%) underwent endotracheal
intubation with a single lumen tube. Only seven patients
were intubated with a double lumen endotracheal tube. All
patients had two peripheral venous catheters and an arterial
line for continuous intraoperative blood pressure monitor-
ing. A central venous catheter was usually inserted only in
candidates for pneumonectomy. Antibiotic intraoperative
prophylaxis consisted of 1.5 gr cefuroxime administered
intravenously, unless it was contraindicated.

All patients were operated on through a standard poste-
rolateral thoracotomy. Intraoperative pathologic consulta-
tion was available. In the case of 17 patients who had no
preoperative diagnosis (19.1%), the frozen section procedure
led us to decide on the type of surgery. Hilar and mediastinal
lymph nodes were systematically dissected according to the
guidelines of the European Society of Thoracic Surgeons
(ESTS)[13]. In all cases, we asked for the pathological de-
termination of surgical margins.

The bronchial closure was performed manually with
interrupted 4-0 sutures of polypropylene (Prolene, Ethicon,
Sommerville,NJ) in 11 cases (11.4%), and with staplers (Ethi-
con, EndoSurgery, Inc. Cincinnati) in 78 patients (87.6%).
Bronchoplastic techniques were performed in four cases.
The bronchial stump was covered with autologous tissue
in all cases of pneumonectomy. For this purpose, several
tissues were used: mediastinal fat pad (n =4), parietal pleura
(n =8), and azygos vein (n = 8). Extended resections were
needed in 21 tumours involving the chest wall (4.5%), pari-
etal pleura (13.4%), pericardium (4.5%), diaphragm (1.1%),
and other mediastinal structures (5.6%). An intrapericardial
pneumonectomy was required in four cases (4.5%), and two
patients (2.2%) underwent a completion pneumonectomy.
The histological distribution of the tumours was as follows
(Table 2): adenocarcinoma (n = 38; 43%), squamous (n =
30; 33.5%), large cell (n = 9;10%), carcinoid (n = 4; 4.5%),
and other (n = 8; 9%).

Staging

Patients were staged postoperatively according to the
seventh edition of the TNM staging system. Postoperative
staging was as follows: stage IA (n =17; 19.1%), stage IB(n
=19; 21.3%), stage IIA (n = 19; 21.3%), stage IIB (n =12;
13.5%), stage ITIA (n = 18;20.3%), stage ITIB (n = 1; 1.1%),
and stage IV (n = 3; 3.4%).

Postoperative management

Postoperatively, all patients, with the exception of four,
were managed on the thoracic ward. Early extubation in the
operating room was achieved in 85 patients (95%). Only
four patients required prolonged mechanical ventilation and
were admitted to the intensive care unit (ICU). Postoperative
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Table 2. Demographic and clinical data

Age (mean age/ range)
Gender (Male/Female)
Histology
Adenocarcinomas
Squamous cell carcinoma
Large cell carcinoma
Adenosquamous cell carcinoma
Carcinoid tumour
Other
TNM staging
T1aNOMO
T1bNOMO
T2aNOMO
T1aN1MO
T1bN1MO
T2aN1MO
T2bNOMO
T2bN1MO
T3NOMO
T1aN2MO
T1bN2MO
T2aN2MO
T2bN2MO
T3N1TMO
T3N2MO
T4NOMO
T4N1MO
T4N2MO
T2aNOM1b
T3N2M1b
Surgical procedures
Right upper lobectomy
Left upper lobectomy
Right upper and middle lobectomy
Left lower lobectomy
Right lower lobectomy
Middle lobectomy
Right lower and middle lobectomy
Left pneumonectomy

Right pneumonectomy

64.4/37-82
70/19

N O NN N

=
o

N W W NN W NN
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chest pain was treated with epidural analgesia in 26 cases
(29%). Thirty-one patients (35%) had a PCA intravenous
pump, and an extrapleural special catheter for continuous
infusion of ropivacaine 7% solution was inserted in eight
patients (9%). Twenty-four patients (27%) needed no kind
of pain control device, and were simply treated with IM
administration of pethidine plus 1000mg of paracetamol
intravenously.

Antibiotic (cefuroxime, 20mg/kg IV) and thromboem-
bolic prophylaxis (tinzaparin, 175 Anti-Xa IU/Kg subcu-
taneous) were used routinely, and all patients during the
postoperative period received an intensive programme of
chest physiotherapy including deep breathing exercises and
incentive spirometry.

For the first 48 postoperative hours, the patients were
under continuous monitoring and vital signs (pulse rate,
arterial blood pressure, oxygen saturation, temperature
central venous pressure and urine output) were recorded.
Data concerning the patient’s course including physical
examinations and roentgenograms were documented.

Data collection

A systematic literature search was performed between
December 2012 and February 2013 to identify relevant
reports. Studies and articles were identified using online
searches of The U.S. National Library of Medicine via www.
pubmed.com. Several searches were conducted to retrieve
all potentially relevant articles. The following keywords were
used to identify relevant case series, guidelines, and reviews:
thoracotomy, lobectomy, pneumonectomy, complications,
non-small cell lung cancer. Preoperative, intraoperative, and
postoperative variables were recorded including general
demographic data, Karnofsky index (KI), preoperative and
postoperative packed cell volume (PCV) and haemoglobin
(Hb), preoperative arterial blood gas levels, preoperative
and predicted FEV, and FVC values, type of surgical pro-
cedure, histology, tumour stage, transfusions of packed red
blood cells (RBC) and fresh frozen plasma (FFP), values
of perioperative vital signs (temperature, arterial blood
pressure, pulse rate, oxygen saturation), hospital stay, days
in the ICU, patient comorbidity including coronary artery
disease (CAD), arterial hypertension (AH), atrial fibrillation
(AF), peripheral vascular disease (PVD), chronic obstructive
pulmonary disease (COPD), chronic renal failure (CRF),
diabetes mellitus (DM) and other malignancy, neoadjuvant
chemotherapy or radiotherapy, postoperative pain assess-
ment using a visual analogue scale and complications.

Statistical analysis

Descriptive statistics were used initially. Continuous
variables are presented as mean + standard deviation (SD)
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and categorical variables as frequency (%). Univariate
analysis was performed to determine whether there were
statistically significant group differences in the variables.
Continuous and categorical variables were compared be-
tween groups by analysis of independent samples t-test and
chi-square analysis, respectively.

Logistic regression analysis was performed to assess the
impact of variables on the presentation of side-effects after
surgery, including categorical and continuous variables.

The risk of complications was evaluated by using a
backward stepwise logistic regression analysis to estimate
odds ratios (OR) and their 95% confidence intervals (CI).
Those variables with p values less than 0.03 in the univari-
ate analysis were included in the multivariate analysis. The
final model included factors that remained significant with
a p value less than 0.10. Goodness-of-fit was assessed by
the Hosmer and Lemeshow test.

Statistical analysis was performed using Stata 9.1 for
Windows (StataCorp LP, 4905 Lakeway Drive, College
Station, Texas 77845-4512,USA).

Results

From 1 January 2011 to 30 June 2012, 89 patients, (19
women), aged from 37-82 years (mean age 64.4) underwent
major pulmonary resection (lobectomy, bilobectomy or
pneumonectomy) for lung cancer at Sismanogleio General
Hospital in Athens. The majority of patients were male
(78.6%), aged from 65-69 years. Fifty-nine patients under-
went lobectomy, 10 bilobectomy and 20 pneumonectomy
(Table 2). The decision on the type of procedure to be carried
out was based on radiological and endoscopic findings in
the context of preoperative staging, on operative findings
and on the general condition of the patient. All patients
had a Karnofsky index (KI) score of 90 - 100.

In total, 65.2% of patients were former or current smok-
ers consuming > 15 py; 24.7% presented preoperative
anaemia with haemoglobin levels below 12 g /dl; 28.1% had
preoperative values of FEV, <2 L; 16.8% presented CAD;
38.2% had moderate to severe AH; 31.5% had a history
of COPD; 15.7% had DM; 5.6% underwent neoadjuvant
chemotherapy for downstaging. 28.1% were transfused.
and 5.6% received more than four units of red packed cells.

At least one complication presented in 64% of the pa-
tients. 79% of which complications were not potentially life-
threatening. Eleven patients (12.4%) experienced a critical
complication and four patients (4.5%) died. Intraoperative
haemorrhage, postoperative haemorrhage, acute myocar-
dial infarct (MI), pulmonary embolism (PE), BPE, ARDS,
postoperative pneumonia and the need for re-intervention
were considered as potentially dangerous complications.

Complications not deemed as life-threatening included
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postoperative atrial fibrillation, air leak, residual space,
wound infection, atelectasis, fever, sinus tachycardia, uri-
nary tract infection, phrenic or laryngeal nerve injury, and
thrombophlebitis (Table 3).

Discussion

Advances in surgical and anaesthetic techniques and
perioperative care have rendered anatomic lung resections
a common and almost routine procedure, with consistent

Table 3. Complications after major pulmonary resections for
lung cancer in our institution (Jan. 2011- Jun 2012)

Number

Complications of patients (%) (%)?
Fever® 36 (40.5) 25-50
Extended LOS © 22 (24.7)

Atelectasis 12 (13.5) 3.6-8.9
Persisting air leak ¢ 8 (8.9) 6.8-15.6
ICU hospitalization © 6 (6.7) 5-15
Transfusion f 5 (5.6)
Post-thoracotomy pain 5 (5.6) 5
Postoperative haemorrhage 4 (4.5) 2.5-39
Bronchopleural fistula 3 (15) 0.5-5.1
Intraoperative haemorrhage 3 (34)

Atrial fibrillation 3 (34) 18-34
Need for reoperation 3 (34) 1.5
ARDS ¢ 3 (34) 2.8-79
Acute myocardial infarction 2 (2.5) 0.6-1.2
Postoperative pneumonia 2 (2.5) 2-11.7
Wound infection 2 (2.5)

Urinary tract infection 2 (2.5)

Pulmonary embolism 1 (1.1) 0.4-5.4
Residual pleural space 1 (1.1)

Phrenic nerve injury 1 (1.1)

Recurrent laryngeal nerve injury 1 (1.1)

Chylothorax 1 (1.1) 0.3-0.74
Thrombophlebitis 1 (1.1)

th::;::\); mortality after 1 (14) 0-3.9
Thirty-day mortality after 3 (15) e

pneumonectomy

Percentage of complications in published studies, ®Body temperature > 38°C,
Length of stay exceeding 14 days, “Air leak exceeding 7 days, ¢Admission in
Intensive care unit, "Administration > 4 units of packed red blood cells, 9 Adult
respiratory distress syndrome
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improvements in operative mortality. Despite the observed
improvement in mortality, the morbidity rates associated
with pulmonary resections have not changed significantly
in the last 30 years [14]-[16]. Prospective studies have found
complications to occur in 38% of patients following major
lung resection, a frequency that has not significantly changed
with time. Given that the occurrence of a major complica-
tion is a risk factor for mortality, the overall improvement
in mortality suggests an improvement in the management
of potentially life-threatening complications, which less
frequently result in death [17].

Non-life-threatening complications are nevertheless
important, as the development of complications is associated
with both longer hospitalization and higher costs. The risk
factors for mortality similarly apply to morbidity (Table 4).
Morbidity risk factors also include active cigarette smoking,
significant preoperative functional impairment as indicated
by alow KI, the extent and duration of surgery, with pneu-
monectomy being associated with more complications than
lobectomy [18],[19].

With a mortality rate of 3.4-11.2%, extrapleural pneu-
monectomy carries higher mortality than simple pneu-
monectomy [20]. Completion pneumonectomy also has
higher mortality rates of 10-23% [21], as does right-sided
pneumonectomy compared to left pneumonectomy [22].
This difference could be attributed to the right pneumonec-
tomy bearing higher rates of major complications, includ-
ing BPE, empyema, and post pneumonectomy pulmonary
oedema (PPPO).

Several early reports identified high rates of surgical
complications after neoadjuvant chemotherapy and radia-
tion therapy. Right pneumonectomy seemed particularly

Table 4. Risk factors for morbidity and mortality after major
pulmonary resections for lung cancer

Age over 60 years

Male gender

Malnutrition

Diabetes Mellitus

COPD®

FEV, <2 L for pneumonectomy and FEV, <1.5 L for lobectomy®
Coronary disease or other heart disease

Advanced

Peripheral vascular disease

Intraoperative hemorrhage

Transfusion exceeding 4 units of packed red blood cells

Perioperative crystalloid’s overload

aChronic obstructive pulmonary disease, °Forced expiratory volume in the
first second
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hazardous presenting an increased complication risk and
mortality of 23.9%. However, recent reports have shown no
significant difference in mortality or morbidity in patients
receiving surgery alone versus neoadjuvant chemotherapy
followed by surgery for NSCLC. Right pneumonectomy has
also been shown to be relatively safe.

Many studies showed age to be an important risk factor
for morbidity and mortality after lobectomy or pneumo-
nectomy. Patients younger than 70 years had mortality
0.4-4.1%, significantly lower compared with that in those
aged over 70 years (2.0-7.1%)[23]. In contrast, recent studies
found no relationship between mortality and age. The effect
of age in earlier reports could have been due to increased
comorbidities in the elderly; more recent improvements may
possibly reflect better patient selection and preparation, as
well as improved perioperative techniques that allow older
patients to undergo surgery more safely [24],[25].

Preoperative respiratory function tests and arterial blood
gases are particularly useful in selecting those patients who
could tolerate a major pulmonary resection. The most useful
parameters are the FEV, and the DLCO. The calculation of
postoperative predicted values are very useful in determining
the extent of resection. The most accurate method tends
to be lung perfusion scintigraphy. The DLCO is an equally
important method of assessment of postoperative morbidity
and mortality. Predicted postoperative values of less than
40% indicate an increased risk of morbidity and mortality.
In fact, patients with FEV, <30% of such patients will require
prolonged postoperative mechanical ventilation or will die.

The best way to reduce the incidence of postoperative
complications after lobectomy or pneumonectomy is preven-
tion. Careful preoperative evaluation is linked to improvement
in morbidity and mortality. Standard preoperative evaluation
should include pulmonary function tests with diffusion meas-
urement. Nuclear methods are useful for further evaluation
of patients with borderline respiratory function, especially
candidates for pneumonectomy. Particularly intensive respira-
tory physiotherapy is necessary in patients with borderline
results on spirometric tests. All patients should abstain from
cigarette smoking, and all chronic medical conditions should
be optimally treated. Patients with poor nutrition should be
treated before surgery with nutritional supplements or with
enteric feeding tubes if necessary. A complete preoperative
cardiac evaluation is obligatory.

Complications can be avoided with proper perioperative
care. Adequate pain control is associated with fewer respira-
tory complications after pneumonectomy. Perioperative
fluid administration should be controlled in combination
with the use of diuretics in order to achieve proper diuresis.
It is vital to achieve strict blood sugar control. Aggressive
postoperative respiratory physiotherapy is mandatory along
with strategies against thromboembolic events.
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Univariate analysis

Statistically significant differences were observed be-
tween the development of a complication and preopera-
tive (p=0.045) and postoperative PCV values (p=0.003),
Hb concentration before (p= 0.032) and after (p = 0.004)
surgery, number of units of RBC (p=0.010) and FFP (p =
0.030) administered (Table 5).

No significant differences were observed between the
occurrence of a complication (life-threatening or not) and
presumed risk factors such as gender, age, smoking, CAD,
AFE, AH, CRF and NCT.

Similarly, no correlation was found between the emer-
gence of a complication (life-threatening or not) and the type
of resection (pneumonectomy, lobectomy or bilobectomy),

Table 5. Prolongation of LOS* related to complications after
major pulmonary resections for lung cancer in our institution

Number of patients (%)

Complications LOS>10 days LOS>14 days
(n=39) (n=22)
Fever ® 25 (64)* 14 (64)*
Sinus tachycardia 25 (64)* 15 (68)
Atelectasis 12 (31)* 9 (41)*
Persisting air leak © 8 (20.5)* 7 (32)*
ICU hospitalization ¢ 3 (7.7) 2 (9)
Need for reoperation 3 (7.7) 3 (13.6)
Bronchopleural fistula 3 (7.7) 2 (9)
Post-thoracotomy pain 3 (7.7) 2 (9)
Postoperative 2 (5) 2 (9)
pneumonia
ARDS © 2 (5 1 (4.6)
Intraoperative 2 (5) -
haemorrhage
Postoperative 2 (5) =
haemorrhage
Wound infection 2 (5) 2 (9)
Postoperative atrial 2 (5) 1 (4.6)
fibrillation
Residual pleural space 1 (2.5) 1 (4.6)
Recurrent laryngeal 1 (2.5) =
nerve injury
Chylothorax 1 (2.5) 1 (4.6)
Urinary tract infection 1 (2.5) -
Thrombophlebitis 1 (2.5) -

aLength of stay, *Body temperature > 38 °C, ‘Air leak exceeding 7 days, “Admission
in Intensive care unit, °Adult respiratory distress syndrome, *p<0.05
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side of procedure (right or left lung) and tumour histology.

Values of measured and predicted postoperative FEV,
(and FVC) and preoperative values of pH, pO,, pCO, and
SatO, were not associated with the statistically increased
incidence of pulmonary complications. Likewise, the type
of pain control was not associated with the risk of com-
plications.

Independent predictors of complications proved to be
as follows:

a) DM (x*=4.71, p= 0.03). Patients who experienced life-
threatening complications were 4.7 times more likely to have
diabetes than those who experienced non-life-threatening
complications (OR = 4.7; 95% CI 1.07 to 21.03).

b) COPD (x* = 4.83, p = 0.028). Only 13% of patients
with potentially life-threatening complications had COPD
compared to 45% of patients with non-life-threatening com-
plications. Patients presenting COPD were 80% less likely
to have any of the complications defined as life-threatening
(OR =0.18; 95% CI 0.037 to 0.929).

Overall, however, 75% of those who had COPD expe-
rienced some kind of complication, albeit generally non-
life-threatening.

We also attempted to study the factors related to the
prolonged length of stay (LOS). Thirty-nine patients were
hospitalized over 10 days. Comparing this subgroup of pa-
tients with those having a shorter hospital stay, we found the
patients to be of average age (67 +7 Vs. 62+ 9,p =0.011)
and predominantly male (90%, p = 0.036). The prolongation
of hospitalization over 10 days is not correlated with any
other characteristics of the patient or the type of surgical
procedure (Table 5).

We also arrived at similar conclusions when defining
"extended LOS" as hospitalization exceeding 14 days. The
most common complications to be associated with pro-
longed LOS were persistent air leak (8 subjects, p = 0.001),
atelectasis (12 subjects, p = 0.000), fever (25 subjects, p =
0.000) and sinus tachycardia (25 subjects, p = 0.038).

In 22 patients (Table 6), extended LOS (>14 days) was
associated with older age (p = 0.038), right side of thora-
cotomy (p = 0.039), persistent air leak (p = 0.000), fever (p
=0.011) and atelectasis (p = 0.001).

Multivariate analysis

We applied a retrograde procedure logistic regression
model. The appearance or not of any complication was
the dependent variable. The independent variables were
selected based on the following criteria:

a) sufficient number of events

b) associated with a statistically significant mode with
the dependent variable in the univariate analysis exhibit-
ingp<0.3

Hellenic Journal of Surgery 87

¢) considered in previous reports as significant risk
factors for postoperative complications

It was necessary to limit the number of variables due
to the limited sample size and the number of incidents of
the dependent variable so as to create a reliable logistic
regression model. Initially, the prognostic model included
the subsequent variables: age, sex, preoperative Hb concen-

Table 6. Patients characteristics related to LOS*

Number of patients (%)

LOS<10days LOS>10days LOS>14 days

(n=50) (n=39) (n=22)
Mean age + SDP (years) 6249 67+7% 68+9*
Gender Male 35(70) 35(90)* 19(86)
Female 15(30) 4(14)* 3(14)
Tobacco consumption® 30(60) 14 (64) 14(63)
Coronary disease 9(18) 6 (15) 2(9)
COPD¢ 13(26) 15 (38) 10(45)
Hypertension 18(36) 16 (41) 7 (32)
CRFe 1(2) 2(5) 1(5)
DMf 5(10) 9(23) 3(14)
NCT® 4(8) 1(2.5) 1(5)
AF" 3(6) 0 0
Other 7 (14) 9(23) 7 (32)
Right side 29(58) 23 (59) 17 (77)*
Left side 21(42) 16(41) 5(23)*
Pneumonectomy 13(26) 7(18) 2(9)
Bilobectomy 4(8) 6(15) 5(23)
Lobectomy 33(66) 26 (67) 15 (68)
Tumour Stage
| 19(38) 17 (44) 9 (41)
Il 18(36) 13 (33) 6(27)
11l 12(24) 7(18) 5(23)
1% 1(2) 3(5) 2(9)
Tumour histology
Adenocarcinoma 20(40) 18 (46) 12 (55)
Squamous 18(36) 12(31) 7 (32)
Large cell 7(14) 2(5) 1(5)
Other 5(10) 7(18) 2(9)

aLength of stay, *Deviation standard, Exceeding 15 py, “Chronic obstructive
pulmonary disease, ¢Chronic renal failure, ‘Diabetes mellitus, “Neoadjuvant
chemotherapy, "Atrial fibrillation, *p<0.05
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tration, CAD, COPD, DM, side of surgical procedure, type
of resection (pneumonectomy, lobectomy or bilobectomy),
disease stage and number of units of RBC administered.

Our prognostic model is shown in Table 7. The model
shows a satisfactory fit to the data according to the standard
of review Hosmer-Lemeshow (HL = 1.12, p = 0.29), cor-
rectly classifying 70.8% of the events. The receiver-operating
characteristic (ROC) curve of the model is also satisfactory
as the area under the curve was 0.79.

Accordingly, the transfusion of RBC was associated
with the occurrence of complications. Every additional
administration of just one unit of RBC appears to increase
the probability of any type of complication by 3.5 times.

Patients with COPD presented 3.3 times higher inci-
dence of complications [OR = 3.38,95% CI (1.01 to 10.66)]
compared to those without COPD.

Surgical procedures on the right side presented an almost
three-fold incidence of complications [OR = 2.9, 95% CI
(1.02 to 8.49)] taking into account all the other risk factors
included in the model.

Table 7. Retrograde procedure logistic regression model

OR Z P>|z| [95% CI ]
Age 1.03 1.05 0.294 0.97 1.09
Pre [Hb] ® 0.69 -1.67 0.094 0.45 1.06
RBC® 3.51 2.20 0.028 1.1410.74
COPD ¢« 3.29 1.98 0.048 1.01 10.66
Right side

2.94 1.99 0.046 1.028.49
of rocedure

“Preoperative haemoglobin concentration, ®Units of packed red blood cells
administered, ‘Chronic obstructive pulmonary disease

Conclusions

Studying the histology with multinomial logistic regres-
sion, patients with squamous cell carcinoma were 7.5 times
more likely to be smokers than those with adenocarcinoma
taking into account gender. This is entirely in keeping with
results from previous reports.

The univariate analysis showed that preoperative Hb
and the administration of RBC and FFP is associated with
the occurrence of complications. The relationship of RBC
administration is also confirmed by the multivariate analysis.

Seventy-five per cent of patients with COPD presented
a non-life-threatening complication.

According to univariate analysis, DM is associated with
life-threatening complications.

Prolonged LOS was incurred mainly by persistent air
leak, atelectasis, and fever, particularly in the case of hos-
pitalization exceeding 14 days that was frequently required
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after a right-sided surgical procedure.

Pain and type of analgesia were not correlated with score
complications or prolonged hospitalization, but our study
was not designed to study this aspect.

Due to the limited sample size, the model of our study
was designed only for the occurrence or non-occurrence
of life-threatening complications and non-life-threatening
complications.

Transfusion of RBC is strongly associated with the
development of complications. COPD and right-sided
procedures are marginally statistically significant for the
occurrence of any kind of complication.
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EmmAokEC petd and peiloveg BwpPaKOXEIPOUPYIKES EMEUPATEIC
yla KapKivo mveupova

3. NikohoUloc, I Zaxapia, A. Xapmidou, M. Koupn, I. Apitoag, I Mamayiavvdakng, N. fatooUAng,
A. AlovMag, K. Zupiyog

MepiAnyn
Tkoméc: KUplog okomog tng HeAETNG fTav 1) KaTaypa@r Twv emmAOK@WV HeTd and peiloves Bwpakoxelpovpytkeég
enepPdoelg yla kapkivo Tov mvedpova kat i avaltnon tapaydviwy kivdhvov ov cuoyetilovtal e TV epgdvion
emumAokwv. MeketnOnkav 1000 mapdyovteg KtvdHVou IOV APOPOVV KALVIKOEPYATTNPLAKA XAPAKTNPLOTIKA TWV
aoBevwy 000 Kal TAPAYOVTEG IOV £XOVV GXECT) € TOV TUTIO TNG VEOTAAGIOG Kol TO €i0OVG TOV XELPOVPYEIOV OTO
omoio vrroPANROnKav.

MéBodoc: Katd tnv mepiodo 1/1/2011 - 30/6/2012 89 acBeveic nhikiag 37 - 82 etwv vrofAndnkav oe peilova
TIVEVLOVIKT] EKTOWT 0TO OWPAKOXEPOLPYIKO T A TOV ZtopavoyAeiov Fevikob Noookopeiov ATTIKNG ylo AV TIHETWTILOT
Kapkivov mvevpova. IlpayparonowOnke AemTopeprs Kataypa@r] OAwV TwV EMTAOKWV KABWG KAl GUOTIHOTIKT
BLPALOYPAPIKT) £pEVVA CXETIKWYV AVAPOPWY YIaL ETUTAOKEG UETA ATTO XELPOVPYIKEG EMEUBATELG YL KAPKIVO TVELHOVAL.
Eytve Stadiktvakn avadrnon ota apxeio tng eBvikng tatpikng BpAodnkng twv HITA péow g Stadiktvakng moAng
Pub med. Ia tn Stepedvion TnG CLOXETIONG TNG ELPAVLONG 1) [N EMUTAOKWY TipaypaTonolOnke LovoTapayovTikn
avaAvon (e T Xpnomn KaTAAANA@Y 0TATIOTIKOY SOKIUAGLOV avAAoYa (e TOV TOTO TV PeTaBANT@V. XN ovvéxela
npocappooTnray pe avadpopn Stadkacia povréla AoyLoTiknG TaAvEpopUnong.

Amnoteléopata: I10000T6 64% Twv acBevwv ep@dvioe kKdmotov eidovg emmAokn. 79% Twv eMMAOKWY aVTWV SeV fTav
SuvnTikd emkivévveg yia t {wr. 12.4% ep@avioay kamota emtkivouvn yia tn (i emmhokn kot 4.5% anefiwoav. Qg
Suvntikd emikivivveg BewpnOniav ot e€rg emmAoKEG: SLEYXELPNTIKY KAt LETEYXELPNTIKY aLpoppayia, 0§ éugpayua
Tov pvokapdiov, Tvevpovikn epPor, PpoyxoimelwkoTikd GUPLYYLO, OEEid AVATIVEVGTIKT AVETIAPKELQ, LETEYXELPTTIKT)
Tvevpovia kat 1 avaykn enaverépPaong. Qg pn emkivovveg yio tn {wr) OewprBnkav ot e emimhokég: peteyyxelpn Tk
KOATILKT) Happapuyr, Slaguyn aépa, DTTOAELTOUEVO KEVO, SLATTVNOT) TPAVUATOG, ATEAEKTAGIA, TTVPETOG, PAefoKopPukn
Taxvkapdia, ovpoloipuwén, TPAVHATIONIG PpeVIKOD Kat Aapuyykod vedpov, BpopfopAefitida.

Zupnepdopara: Me Ty ovomapayovTiki avaAvorn Ppédnke OTL N TPOEYXELPNTIKT TIHT ALLOCPALPIVIG KAt 1) XOpriynon
OVUTTVKVWHEVWY EPLOPWDY APOTPALPIWY Kal KATEYVYUEVOL TAAOUATOG OXETILETAL [E TNV ELPAVIOT ETUTAOKWDY
yevikotepa. H oxéon kupiwg tng xopriynong epubpwv emiPefaimbnie kat katd TNV TOATAPAyoVTIKT avaAvon pe
v omoia BéPata Aappévoupe LTEOYN Kat TOUG AAAOVG TTAPAyOVTEG KIVEDVOL IOV UTopei va entnpedlovy T oxéon.
75% Twv acBevwv (e XpOvia amoPPAKTIKY TIVEVHOVOTIAOELN EUPAVIOAY KATIOLA ETUTAOKT TIAPOAO TIOV YEVIKA OL
ETUTAOKEG AUTEG EVTATOOVTAY OTIG N eMikivouveg yia ) {wr). O cakxapwdng Stafritng oxetifovrav pe emkivéuveg
yta ) Cwr} emurhokég oty povomapayovTikr avalvon. H napdtaon voonAeiog mapatnprdnke katd kbplo Adyo
yla eppEvovoa Stapuyn agpa, aTEAEKTAGI, TUPETO Kat, ELSIKA TNV TIEPITTWOT VOO Agiog dvw Twv 14 nuepwv frav
oVXVO Qavopevo petd and degiéc Bwpakotopés. ITovog kat eidog avaiynoiag dev eixav axéon e TNy eppdavion
EMMAOK®DV 1] € TNV TapATact voonAeiag. Ao To HovTéAO pag n oxéon Ue Tn xoprynon epudpav atpoopatpiwv
elvau EexdBapn v 0pLlaKd OTATIOTIKA ONUAVTIKT ELVAL 1] TTAPOVTiA XPOVIAG ATOPPAKTIKIG TIVEVHOVOTIAOELAG Kat 1)
TAevpa NG Bwpakotopng (Se&La).

Né€arg kAard1a: Owpakxotour], AofexTout], TVEVUOVEKTOUY], ETAOKES, PN UIKPOKVTTAPIKGS KAPKIVOG TVEDUOVA

2. Nikohov{og, N. TataodAng M. Kovpr)

Xeipovpyio Turjua, Ieviké Noookoueio Kepkipas, Képkvpa AMepyrodéyos, Eéeidikevon orny Biootatiotiky, Képkupa

I. Zayapia L. Apitoag, I. TTanaytavvakng, A. Atovhag
AvauoBnoiodoyico Tutjue, Teviks) KAty Kepripag, Képxvpa Owpaxoyepovpyikd Tunua, Ziopavéyleio Ieviké Noookopeio,
A. Xapmidov, K. Zvpiyog Auapotaio

Oyxkoloyixty Movéda, I'' Havemotnuary HaBoroyuchy Khviki,
Iatpixny Zyors) AByvav, Noookoueio «H Swtnpior, ABfva
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