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Background: Co-morbidity of primary lung cancer (LC) and heart disease (HD), both requiring surgical 

therapy, characterizes a high risk group of patients necessitating prompt diagnosis and treatment. The aim of this 

study is the review of available evidence guiding the management of these patients.

Methods: Postoperative outcome of patients operated for primary LC (first meta-analysis) and for both primary 

LC and HD co-morbidity (second meta-analysis), were studied. Parameters examined in both meta-analyses were 

thirty-day postoperative mortality, postoperative complications, three- and five-year survival probabilities. The last 

36 years were reviewed by using the PubMed data base. Thirty-seven studies were qualified for both meta-analyses. 

Results: The pooled 30-day mortality percentages (%) were 4.16% [95% confidence interval (CI): 2.68–5.95] 

(first meta-analysis) and 5.26% (95% CI: 3.47–7.62) (second meta-analysis). Higher percentages of squamous 

histology and lobectomy, were significantly associated with increased (P=0.001) and decreased (P<0.001) thirty-day 

postoperative mortality, respectively (first meta-analysis). The pooled percentages for postoperative complications 

were 34.32% (95% CI: 24.59–44.75) (first meta-analysis) and 45.59% (95% CI: 35.62–55.74) (second meta-

analysis). Higher percentages of squamous histology (P=0.001), lobectomy (P=0.002) and p-T1 or p-T2 (P=0.034) 

were associated with higher proportions of postoperative complications (second meta-analysis). The pooled three- 

and five- year survival probabilities were 68.25% (95% CI: 45.93–86.86) and 52.03% (95% CI: 34.71–69.11), 

respectively. Higher mean age (P=0.046) and percentage lobectomy (P=0.009) significantly reduced the five-year 

survival probability. 

Conclusions: Lobectomy and age were both accompanied by reduced five-year survival rate. Also, combined 

aorto-coronary bypass grafting (CABG) with lobectomy for squamous pT1 or pT2 LC displayed a higher risk of 

postoperative complications. Moreover, medical decision between combined or staged surgery is suggested to be 

individualized based on adequacy of coronary arterial perfusion, age, patient’s preoperative performance status 

(taking into account possible co-morbidities per patient), tumor’s staging and extent of lung resection. 
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Introduction 

Co-morbidity of primary lung cancer (LC) and heart disease 
(HD) characterizes a high-risk group of patients necessitating 
prompt diagnosis and treatment. By extensively reviewing the 
relevant literature of the last 36 years, from January 1 1980 to 
present, a number of studies, being cited below, have focused 
on how to manage these patients.

 Issues investigated deal with the impact of: (I) age (1-4); (II) 
safety of choice for a combined or staged surgical procedure 
(5-19); (III) on- or off-pump technique on postoperative 
complications occurrence (12,16,20-27); (IV) an extended 
surgery, due to LC infiltration in the left atrium and/or great 
vessels, on postoperative outcome (24,28-30); (V) video-
assisted thoracoscopic surgery (VATS) method on primary 
LC patients (31-36); (VI) neo-adjuvant or adjuvant treatment 
(37-40); and (VII) factors, other than the aforementioned 
ones, influencing postoperatively patients operated for 
primary LC and HD. These factors were: myocardial 
ischemia (41), arrhythmias (41,42), type of grafts selected (20),  
high preoperative serum level of lactate dehydrogenase 
(LDH) (43), low preoperative forced expiratory volume in 
one second (FEV1) (% of predicted) (L) (2), low postoperative 
FEV1 (% of predicted) (L) (43), no immediate extubation (43),  
tumor’s staging (2,22), postoperative bleeding (22,44), 
histologic type of LC (2,45,46), completeness of lymph 
node dissection (44,46), timing of cardiac compared to lung 
surgery (47), early administration of anti-coagulant therapy 
after LC surgery to prevent arrhythmias (48) and finally 
completion pneumonectomy (49).

The aim of this article is the review of available evidence 
guiding management decisions in patients with primary LC 
and cardiac disease co-morbidity, both requiring surgical 
treatment. This is answered in a three pronged arm by: 

(I) Performing a systematic review and meta-analysis of 
studies published since 1985 to present, examining 
patients with primary LC and HD co-morbidity, 
focusing on parameters such as mortality, postoperative 
complications and survival rate;

(II) Making an overall medical interpretation of the 
factors influencing postoperative outcome;

(III) Elucidating whether combined or staged surgery is 
preferable for prolongation of life in these patients.

Methods

Study design

Two literature searches were conducted, each one followed 

by the respective meta-analysis. Particularly, the first 
search was about the impact of perioperative management 
on postoperative outcome of patients surgically treated 
for primary LC while the second was about the impact of 
combined or staged surgical procedures on postoperative 
outcome of patients operated for both primary LC 
and HD co-morbidity. In each meta-analysis the same 
parameters were studied such as thirty-day postoperative 
mortality, postoperative complications, three- and five-
year survival probabilities. Also, both searches covered 
the period from January 1 1990 to present (April 05 
2016). The reason for choosing this time period was 
to obtain newer information published in the relevant 
literature during the last 26 years. Concerning the second 
literature search the start date extended back to January 
1 1980 because articles reporting information for the 
postoperative outcome of patients undergoing combined 
primary LC and HD surgery first appeared in literature 
during the eighties. The PubMed (National Library of 
Medicine/National Institute of Health, United States) 
database was used. 

Both searches were conducted by the Hellenic National 
Documentation Centre. The key words and research items 
to locate the relevant articles as well as the selection of the 
articles included in meta-analyses were determined by the 
primary investigator (George D. Bablekos). 

The information provided from the selected articles 
focused on: (I) 30-day postoperative mortality; (II) type of 
postoperative complications; (III) histologic type of LC; 
(IV) p-T status; (V) type of the operated co-existing HD; 
(VI) use of extra-corporeal circulation (ECC); and (VII) 
3- and 5-year survival rate. There was no overlap between 
searches, while the methodology concerning the approach 
for each literature search is as follows: 

(I) The first literature search, based on the impact of 
perioperative management on the postoperative 
outcome of patients undergoing surgical operation 
for primary LC, intended to select data for the 
first meta-analysis. For LC the international terms 
were: (i) lung neoplasms [Mesh]/surgery [Mesh] 
AND (surgical procedures) [Mesh], (operative) 
[Mesh] OR (pulmonary surgical procedures) 
[Mesh]. The terms AND, OR are internationally 
characterized as Boolean operators. For HD 
the international term was: (ii) heart diseases 
[Mesh]. These two terms were combined with 
and (1 AND 2) and the result was combined 
with the following subtitles: (i) (survival rate) 



Annals of Translational Medicine, Vol 4, No 11 June 2016 Page 3 of 21

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2016;4(11):213atm.amegroups.com

OR (quality of life) [Mesh]; (ii) (perioperative 
period) [Mesh] OR (perioperative care) [Mesh] 
OR (preoperative period) [Mesh]; (iii) (intra-
operat ive  complicat ions)  [Mesh] ;  and ( iv) 
(combined modality therapy) [Mesh]. Combined 
modality therapy included also terms such as: neo-
adjuvant therapy [Mesh], chemo-radiotherapy 
[Mesh],  adjuvant [Mesh] and radiotherapy 
[Mesh]. The allocated results were combined with 
OR. A total of 122 studies were relevant to the 
subject under investigation. Five further studies 
(keywords: lobectomy, pneumonectomy, surgery, 
thoracoscopic, video-assisted, non-small cell lung 
cancer) from other sources (Scopus data base) and 
published in the relevant literature from January 
1 2004 to May 31 2014, were also selected for 
the present work. Twenty-seven of the above  
127 studies were assessed for eligibility, based on 
their title and abstract, to extract information for 
the first meta-analysis (Table 1);

(II) The second literature search, focusing on the 
impact of combined or staged surgical procedures 
on postoperative outcome of patients with co-
morbidity of primary LC and HD both requiring 
surgical treatment, was designed for the collection 
of data for the second meta-analysis. The terms 
used for LC and HD were: (i) lung neoplasms/
surgery [Mesh] OR (lung neoplasms) [Mesh] 
AND (surgical procedures, operative) [Mesh] 
OR (pulmonary surgical procedures) [Mesh]; (ii) 
heart diseases [Mesh]. One and 2 were combined 
between with and (1 AND 2) and 1,038 articles 
resulted. These articles were successively combined 
by using and with the following combinations of 
terms: (i) staged surgical [title/abstract]; (ii) staged 
surgery [title/abstract]; (iii) staged operation [title/
abstract]; and (iv) combined [title], concomitant 
[title]. The final results were combined with or 
and 77 studies were identified. Eighteen of the 77 
articles were selected based on title and abstract to 
extract information for the second meta-analysis. 
Moreover, ten articles (keywords: combined, 
cardiac, pulmonary, concomitant, surgery, lung 
cancer) from other sources (Scopus data base) 
were further selected for the second meta-analysis. 
Information resulted from the above ten articles 
covered period from January 1 1990 to December 
31 2007.

Twenty-two of the 28 articles were assessed for eligibility 
based on their title and abstract to extract information for 
the second meta-analysis (Table 2). 

Forty-nine studies were included in qualitative synthesis 
for both meta-analyses among which thirty-seven were 
finally used in quantitative synthesis. Twelve articles were 
excluded due to lack of sufficient information (Figure 1). 

Moreover, to determine the quality of the literature 
reviewed in our study, we determined the number of 
citations of these articles since January 1 1985 and the 
total impact factor (IF) of their corresponding journals. 
For the number of citations the base of Science Citation 
Index Expanded (SCI-Expanded) Thomson Reuters was 
used. Besides, for the total IF the base of Journal Citation 
Reports (JCR) version 2013 Thomson Reuters was used. 
The number of citations for articles included in both meta-
analyses was found to be 837 in 552 overall hits on April 
05 2016. Also, the total IF was calculated as 44.222. Both 
citations and impact factors were provided by the Hellenic 
National Documentation Center. 

Statistical analysis

For the meta-analysis of the 30-day mortality and 
complications proportions, both fixed and random effects 
approaches were used. An overall proportion with exact 
binomial confidence intervals (CIs) was calculated in 
the fixed effects approach. In the presence of significant 
heterogeneity, pooled proportions and relevant 95% 
CIs were estimated by summarizing the Freeman-
Tukey transformed proportions, using random effects 
meta-analysis (DerSimonian and Laird’s method) (50). 
Heterogeneity was assessed using the I2 index (51). Meta- 
regression was used to explore significant heterogeneity.

A similar approach was used for survival probability, 
since in several studies relevant to the clinical outcome the 
number of patients that survived at various time points (one 
to five years) was reported. 

Analysis was performed using Stata v10.

Results

Sixteen and twenty-one studies, with information on 30-day 
postoperative mortality and postoperative complications, 
were qualified for the first and the second meta-analysis, 
respectively. The majority of the studies reported the 
survival rate but not in a consistent way: most studies 
relevant to first meta-analysis reported a survival rate (%) 
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Table 1 Number of patients (N), 30-day postoperative mortality, postoperative complications and survival rates from studies on impact of 
perioperative management on postoperative outcome of patients operated for primary lung cancer (first meta-analysis)

Number Study N Males (n)
Age 

(mean)

30-day 
mortality 

(n)

Complications 
(n)

One-year 
survival  
(% or n)

Three-year  
survival  
(% or n)

Five-year  
survival  
(% or n)

1 von Knorring et al. (41) [1992] 598 – 63.5 20 130 – – –

2 Thomas et al. (1) [1993] 452 419 58.5 25 158 – – 148

3 Mitsudomi et al. (43) [1996] 62 56 61.5 3 39 – – –

4 Fukuse et al. (28) [1997] 42 37 – – – – 17% –

5 Voets et al. (15) [1997] 117 106 65.8 10 61 – – –

6 Yamamoto et al. (45) [1998] 46 – – – – – – –

7 Ploeg et al. (2) [2003] 344 263 65.7 27 250 – – –

8 Ratto et al. (29) [2004] 19 19 59 0 7 – – 14%

9 Barbetakis and Vassiliadis (42) 
[2004]

199 158 63.1 8 43 – – –

10 Solaini et al. (31) [2004] 138 103 63 – – – – 67%  
[56–78]

11 Spaggiari et al. (24) [2005] 15 11 63 – 2 – 39% –

12 Daly et al. (37) [2006] 30 – 54 – 5 – – 33%

13 Lally et al. (39) [2007] 6148 – – – – – – –

14 Inoue et al. (38) [2007] 54 47 59 1 – – – 38%

15 Powajbo-Figas et al. (48) [2007] 80 60 61.6 3 24 – – –

16 Rea et al. (46) [2008] 49 47 62 3 14 – – –

17 Chataigner et al. (49) [2008] 69 50 60 – – – 65% 46%

18 Pastorino et al. (30) [2008] 1 – – – – – – –

19 Hollings et al. (3) [2010] 360 153 – – 65 – – –

20 Imperatori et al. (32) [2012] 454 369 65.4 7 – – – –

21 Kalathyia and Saha (4) [2012] 100 68 59 11 26 – – –

22 Kauffmann et al. (27) [2013] 8 – – 1 – – – –

23 Huang et al. (33) [2013] 43 32 56.3 1 5 94% 65% 65%

24 Xiong et al. (35) [2013] 411 – – 3 – 95.1%  
(92.9–97.3)

83.1%  
(79.2–87.0)

73.4% 
(68.1–78.7)

25 Wang et al. (34) [2013] 61 53 64 2 34 75.4% – 50.9%

26 Saha et al. (40) [2014] 36 23 61 – 18 66% 38% 38%

27 Stephens et al. (36) [2014] 963 – – 10 – – – 686
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at various time points but not a measure of variability (CIs 
or standard errors) while studies relevant to second meta-
analysis reported the number of patients that survived at 
various time points (Tables 1,2). 

The reported results  for  30-day postoperat ive 
mortality from studies of the first meta-analysis (impact 
of perioperative management on postoperative outcome 
of patients operated for primary LC) appear to be very 
heterogeneous (I2=81.2%, P value <0.001) (Table 3,  

Figure 2A). The random effects pooled percentage (%) was 
4.16% (95% CI: 2.68–5.95). We used available information 
to explain heterogeneity. Particularly, we used age (mean 
age), gender (% males), type of tumor (% squamous, % 
adenocarcinoma), type of operation (% pneumonectomy, 
% lobectomy) and severity (% p-N0 or p-N1). From the 
above variables, (%) squamous tumor and (%) lobectomy 
were found to substantially reduce heterogeneity in a subset 
of the 16 studies; this reduction was statistically significant 

Table 2 Number of patients (N), 30-day postoperative mortality, postoperative complications and survival rates from studies on impact of 
combined or staged surgical procedures on postoperative outcome of patients operated for both primary lung cancer and heart disease co-
morbidity (second meta-analysis)

Number Study
Type of 
operation

N
Males 
(n)

Age 
(mean)

30-day 
mortality 
(n)

Complications 
(n)

One-year 
survival  
(% or n)

Three-year 
survival  
(% or n)

Five-year 
survival  
(% or n)

1 Piehler et al. (5) [1985] Combined 43 32 56.4 2 10 – 37 –

2 Canver et al. (6) [1990] Combined 21 17 60 1 1 – – 20

3 Adant JP et al. (7) [1990] Combined 6 6 61 1 1 5 3 –

4 Rosalion et al. (8) [1993] Combined 10 8 66.4 0 7 – – –

5 Yokoyama et al. (9) [1993] Combined 11 8 70.4 0 5 – – –

6 Miller et al. (10) [1994] Combined 30 23 68 2 12 24 – 10

Staged 15 14 69 0 4 11 – 8

7 Terzi et al. (20) [1994] Combined 10 – – 1 2 5 2 –

8 Brutel de la Riviere et al. (21) [1995] Combined 79 75 65 5 63 – – 22

9 Takahashi et al. (11) [1995] Combined 4 3 64 0 3 – – 2

10 La Francesca et al. (12) [1995] Combined 21 17 65.3 1 5 19 – 11

11 Rao et al. (13) [1996] Combined 30 26 61 2 7 – – –

12 Voets et al. (14) [1997] Combined 24 23 66.8 5 19 – – –

Staged 10 8 66.8 1 6 – – –

13 Danton et al. (22) [1998] Combined 13 13 65 – 6 – 8 –

14 Morishita et al. (44) [2001] Combined 6 6 64 0 3 – 2 –

15 Ciriaco et al. (47) [2002] Staged 50 47 68 2 18 – – –

16 Dyszkiewicz et al. (16) [2004] Combined 13 9 64 0 9 – 13 –

17 Saxena et al. (23) [2004] Combined 6 3 67.6 0 2 – 4 –

18 Schoenmakers et al. (25) [2007] Combined 43 39 67.7 3 25 – – 15

19 Dyszkiewicz et al. (26) [2008] Combined 25 18 63 0 16 – – 17

20 Prokakis et al. (17) [2008] Combined 5 5 65 0 2 – – –

21 Cathenis et al. (18) [2009] Combined 27 24 68 0 16 – – –

22 Qiang et al. (19) [2011] Combined 5 4 59.2 0 3 5 5 –
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(Table 4). Specifically, higher (%) squamous tumors were 
associated with higher 30-day postoperative mortality, 
while higher (%) lobectomy with lower. An indication for 
publication bias was found (Egger’s test P value =0.074).

Heterogeneity was also evident when postoperative 

complications were considered (I2=96.3%, P value 
<0.001) (Table 3, Figure 2B). The random effects pooled 
percentage was 34.32 % (95% CI: 24.59–44.75). None 
of the aforementioned variables were found to reduce 
heterogeneity (Table 4). There was no evidence of 
publication bias regarding postoperative complications 
(Egger’s test P value =0.799).

Twenty-one studies on the second meta-analysis (impact 
of combined or staged surgical procedures on postoperative 
outcome of patients operated for both primary LC and 
HD co-morbidity) reported 30-day postoperative mortality 
figures. Eighteen of them used a combined procedure, two 
used both combined and staged and one used only staged. 
The overall 30-day postoperative mortality proportion 

Figure 1 Flow diagram of the articles selected for both meta-analyses.

Additional records identified
through other sources

(n=15)

Records identified through
database searching

(n=199)

Records after duplicates removed
(n=205)

Records screened
(n=205)

Studies included in 
qualitative synthesis

(n=49)

Studies included in 
quantitative synthesis

(meta-analysis)
(n=37)

Full-text articles excluded, 
with reasons (n=156 articles 

for ineligibility)

Twelve full-text articles 
were excluded due to lack 

of sufficient information

Table 3 Pooled 30-day postoperative mortality, postoperative 
complications (%) and relevant 95% CIs derived from fixed and 
random effects meta-analysis from eligible studies concerning 
the impact of perioperative management on postoperative 
outcome of patients operated for primary lung cancer (first meta-
analysis)

Postoperative 
outcome

Number of 
studies

Pooled estimate 
(95% CIs)

Heterogeneity

I2 (%) P value

30-day mortality (%)

Fixed effects 17 3.36  
(2.83–3.97)

Random effects 17 4.16  
(2.68–5.95)

81.2 <0.001

Complications (%)

Fixed effects 16 34.35  
(32.51–36.22)

Random effects 16 34.32  
(24.59–44.75)

96.3 <0.001

CI, confidence interval.

Figure 2 Forest plots of (A) 30-day postoperative mortality and (B) 
postoperative complications from studies concerning the impact of 
perioperative management on postoperative outcome of patients 
operated for primary lung cancer (first meta-analysis).

A

B



Annals of Translational Medicine, Vol 4, No 11 June 2016 Page 7 of 21

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2016;4(11):213atm.amegroups.com

was 5.26% (95% CI: 3.47–7.62) (Table 5, Figure 3A). No 
heterogeneity between studies was found (I2=0.0%, P value 
=0.753). Furthermore, no evidence for publication bias was 
found (Egger’s test P value =0.815).

On the other hand, reported proportions of postoperative 
complications were highly heterogeneous (I2=80.3%, P 
value <0.001), reflecting the heterogeneity between studies 
following a combined procedure. The random effects overall 
pooled percentage was 45.59% (95% CI: 35.62–55.74)  
(Table 5, Figure 3B). Similarly with 30-day postoperative 
mortality, postoperative complications proportions 
were higher for the combined procedure but due to the 
small number of studies following a staged procedure, 
comparisons were avoided.

Meta-regression identified (%) squamous histology, (%) 
lobectomy and (%) p-T1 or p-T2 as statistically significant 
parameters that reduce heterogeneity. Studies with higher 
(%) squamous histology (P=0.001), (%) lobectomy (P=0.002) 

and (%) p-T1 or p-T2 (P=0.034) were associated with 
higher proportion of postoperative complications (Table 6). 
No evidence for publication bias was found (Egger’s test P 
value =0.372).

Only 3- and 5-year pooled survival probabilities 
(Figure 4A,B) from studies of the second meta-analysis 
were estimated, based on data availability, both displaying 
significant heterogeneity between studies (Table 5). The 
random effects pooled 3- and 5-year survival probabilities 
were 68.25% (95% CI: 45.93–86.86) and 52.03% (95% CI: 
34.71–69.11), respectively. Higher mean age (P=0.046) and 
(%) lobectomy (P=0.009) were associated with decreased 
5-year survival while for the 3-year survival none of the 
available parameters were found to significantly reduce 
heterogeneity (Table 7). Egger’s test for publication bias was 
not statistically significant (P values =0.301 and 0.153 for 3- 
and 5-year survival, respectively).

Moreover, concerning both meta-analyses, no statistically 
significant differences were found postoperatively between 
arrhythmias versus respiratory complications as well as total 
cardiac versus respiratory complications (Tables 8,9). 

In addition, focusing on the types of LC surgery 
performed, the frequency of lobectomies was significantly 
increased compared to pneumonectomies, both in studies 
of the first [median (IQR): 68.0 (22.0, 186.5) vs. 21.5 (9.5, 
154) respectively, P=0.004, 12 studies] and in studies of the 
second meta-analysis [median (IQR): 8.5 (5.0, 22.0) vs. 3.0 
(2.0, 5.0) respectively, P<0.001, 18 studies]. Lobectomies 
were also significantly increased compared to wedge 
resections [median (IQR): 7.5 (4.0, 15.5) vs. 3.0 (2.0, 7.0) 
respectively, P=0.043] in 16 studies of the second meta-
analysis. The number of pneumonectomies and wedge 
resections was comparable in 12 studies of the second 
meta-analysis [median (IQR): 3.0 (1.5, 4.0) vs. 4.0 (2.0, 7.0) 
respectively, P=0.345].

Regarding the types of cardiac surgery in the studies 
of the second meta-analysis, the frequency of the aorto-
coronary bypass grafting (CABG) [median (IQR): 14.5 (9.0, 
23.0)] was significantly higher compared to both aortic valve 
replacement (AVR) [median (IQR): 1.0 (1.0, 3.0), P=0.001, 
14 studies] and mitral valve replacement (MVR) [median 
(IQR): 1.0 (1.0, 2.0), P=0.012, 8 studies]. AVR and MVR 
frequency was similar [median (IQR): 1.0 (1.0, 4.0) vs. 1.5 
(1.0, 2.0) respectively, P=0.899, 6 studies].

Discussion

This study is based on available evidence concerning 

Table 4 Exploration of heterogeneity on 30-day postoperative 
mortality and postoperative complications proportions. Meta-
regression results (P values and reduction in I2) from studies concerning 
the impact of perioperative management on postoperative outcome of 
patients operated for primary lung cancer (first meta-analysis)

Postoperative  
outcome

Number of 
studies

P value
Initial I2 

(%)
Residual I2 

(%)

30 days mortality (%)

Mean age 12 0.761 64.00 66.07

% males 13 0.571 64.68 67.34

% squamous 11 0.001 82.75 24.15

% adenocarcinoma 11 0.323 82.75 83.34

% pneumonectomy 13 0.868 75.39 72.91

% lobectomy 13 <0.001 79.77 18.21

% p-N0 or N1 6 0.178 8.07 0.00

Complications (%)

Mean age 13 0.130 96.43 95.51

% males 14 0.296 96.19 95.77

% squamous 11 0.631 94.80 95.05

% adenocarcinoma 11 0.785 94.80 94.32

% pneumonectomy 13 0.724 96.26 96.53

% lobectomy 10 0.789 97.55 97.13

% p-N0 or N1 8 0.373 85.53 84.19



Bablekos et al. Surgery in lung cancer with heart disease

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2016;4(11):213atm.amegroups.com

Page 8 of 21

decision making in management of patients with primary 
LC and HD both requiring surgical treatment. A concise 
description of the main results is firstly presented. Then, 
an overall medical interpretation of the factors potentially 
influencing the postoperative outcome of these patients is 
attempted followed by the comments on our findings.

The basic meta-analytic findings are: 
(I) Higher percentages (%) of squamous LC histology 

and lobectomy were associated with a significant 
increase (P=0.001) and decrease (P<0.001) 
respectively, in 30-day postoperative mortality (first 
meta-analysis) (Table 4);

(II) Combined surgical operations were significantly 
(P<0.001) correlated with higher postoperative 
complications (second meta-analysis) (Table 5);

(III) Higher percentages for squamous LC histology, 
lobectomy and p-T1 or p-T2 were accompanied 
by significantly higher (P=0.001, P=0.002 and 
P=0.034, respectively) postoperative proportions 

of complications (second meta-analysis) (Table 6). 
Also, the percentage of p-N0 or p-N1 was found 
to exert a marginal significance (P=0.064) in 
postoperative proportions of complications (second 
meta-analysis) (Table 6);

(IV) Use of ECC does not significantly affect the 
postoperative proportions of complications (second 
meta-analysis) (P=0.580, Table 6) or the three- and 
five- year survival (second meta-analysis) (P=0.121 
and P=0.726 respectively, Table 7);

(V) Both higher percentages (%) of lobectomy and 
mean age were factors significantly decreasing the 
five-year survival (second meta-analysis) (P=0.009 
and P=0.046 respectively, Table 7); 

(VI) No statistically significant difference was found 
between postoperative cardiac and respiratory 
complications, including cardiac arrhythmias, in 
patients undergoing surgery for LC and HD co-
morbidity (Tables 8,9).

Table 5 Pooled 30-day postoperative mortality, postoperative complications (%), 3- and 5-year survival probabilities (%) and relevant 95% CIs 
derived from fixed and random effects meta-analysis from eligible studies concerning the impact of combined or staged surgical procedures on 
postoperative outcome of patients operated for both primary lung cancer and heart disease co-morbidity (second meta-analysis)

Postoperative outcome Type of operation
Number of 

studies
Pooled estimate (95% CIs)

Heterogeneity

I2 (%) P value

30-day mortality (%)

Fixed effects Combined 20 5.49 (3.51–8.12) 0.0 0.696

Fixed effects Staged 3 4.00 (0.83–11.25) 0.0 0.451

Complications (%)

Fixed effects Combined 21 50.23 (45.41–55.05)

Random effects 21 46.43 (35.19–57.86) 81.8 <0.001

Fixed effects Staged 3 37.33 (26.43–49.27)

Random effects 3 38.38 (25.11–52.58) 27.9 0.250

Fixed effects Total 22* 48.32 (43.90–52.77)

Random effects 22* 45.59 (35.62–55.74) 80.3 <0.001

Three-year survival (%)

Fixed effects – 8 72.55 (62.82–80.92)

Random effects – 8 68.25 (45.93–86.86) 80.2 <0.001

Five-year survival (%)

Fixed effects – 7 44.12 (37.71–50.68)

Random effects – 7 52.03 (34.71–69.11) 85.6 <0.001

*, two studies followed both combined and staged procedure. CI, confidence interval.
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A B

Figure 3 Forest plots of (A) 30-day postoperative mortality and (B) postoperative complications by type of operation, from studies 
concerning the impact of combined or staged surgical procedures on postoperative outcome of patients operated for both primary lung 
cancer and heart disease co-morbidity (second meta-analysis).

Table 6 Exploration of heterogeneity on postoperative complications proportions. Meta-regression results (P values and reduction in I2) from studies 
concerning the impact of combined or staged surgical procedures on postoperative outcome of patients operated for both primary lung cancer and heart 
disease co-morbidity (second meta-analysis)

Complications Number of studies P value Initial I2 (%) Residual I2 (%)

Mean age 23 0.142 80.64 78.17

% males 23 0.792 80.64 79.74

% squamous 22 0.001 81.37 61.97

% adenocarcinoma 21 0.706 81.85 82.54

% pneumonectomy 18 0.089 80.20 79.53

% lobectomy 24 0.002 80.33 66.25

% P-N0 or N1 15 0.064 82.20 74.83

% P-T1 or T2 16 0.034 79.17 66.50

% extracorporeal circulation 24 0.580 80.33 81.19

% CABG 24 0.199 80.33 78.27

CABG, aorto-coronary bypass grafting.
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A B

Figure 4 Forest plots of (A) 3-year survival and (B) 5-year survival probability, from studies concerning the impact of combined or staged 
surgical procedures on postoperative outcome of patients operated for both primary lung cancer and heart disease co-morbidity (second 
meta-analysis). 

Table 7 Exploration of heterogeneity on 3- and 5-year survival probabilities. Meta-regression results (P values and reduction in I2) from studies 
concerning the impact of combined or staged surgical procedures on postoperative outcome of patients operated for both primary lung cancer 
and heart disease co-morbidity (second meta-analysis)

Postoperative outcome Number of studies P value Initial I2 (%) Residual I2 (%)

3-year survival (%)

Mean age 7 0.454 71.24 72.52

% males 7 0.200 71.24 61.59

% squamous 8 0.221 80.24 81.49

% adenocarcinoma 7 0.336 82.08 80.32

% pneumonectomy 6 0.768 82.40 85.83

% lobectomy 8 0.965 80.24 82.77

% p-N0 or N1 6 0.643 72.00 77.52

% p-T1 or T2 7 0.551 82.08 85.00

% extracorporeal circulation 8 0.121 80.24 77.94

% CABG 8 0.856 80.24 82.87

5-year survival (%)

Mean age 7 0.046 85.63 76.56

% males 7 0.305 85.63 81.97

% squamous 6 0.300 87.67 85.78

% adenocarcinoma 6 0.183 87.67 87.40

% pneumonectomy 4 0.407 72.67 73.09

% lobectomy 7 0.009 85.63 50.51

% p-N0 or N1 3 0.373 79.62 75.87

% extracorporeal circulation 7 0.726 85.63 86.49

% CABG 7 0.901 85.63 87.67

CABG, aorto-coronary bypass grafting.
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Parameters that seem to be related to postoperative 
outcome of patients with LC and HD, both requiring 
surgical treatment, are: (I) patient’s age to tolerate 
impending postoperative morbidity; (II) priority of 
performing cardiac before LC surgery; (III) graft suitability 
for CABG; (IV) use of on- or off-pump technique in cardiac 
surgery; (V) type of adopted surgical incision for optimal 
surgical plan; and (VI) application of neo-adjuvant and/or 
adjuvant therapy to improve postoperative surgical results. 

Concerning the age, elderly patients undergoing surgery 
for bronchogenic carcinoma presented high mortality rates 
of about 20% (52), given that age is a strong risk factor for 
atrial fibrillation (AF) following pulmonary lobectomy (3). 
Also, the in-hospital mortality was significantly higher 
in patients >70 years compared to younger ones (1). For 
patients >70 years, less extensive oncologic operations based 
on standard lung resections contribute to lower mortality 
(1,53-58), while a thorough preoperative assessment 
concerning pulmonary and cardiac functional status should 
be performed (1).

The priority of cardiac compared to LC surgery 
deals particularly with myocardial revascularization. 
Critical stenosis in coronary arteries should be restored 

before LC resection to prevent myocardial ischemia, 
myocardial infarction (MI) and postoperative arrhythmias 
[supraventricular tachydysrhythmias (SVTs)] resulting in 
reduction of survival (32,59,60). Patient’s age, duration 
of the oncologic operation, hypoxemia and hypercapnia, 
fur ther  contr ibute  to  the  emergence  o f  card iac 
complications after LC surgery (61).

Regarding the grafts suitability for coronary artery 
revascularization, the use of the internal mammary artery 
(IMA) should be avoided if CABG is planned simultaneously 
with lobectomy (20). If IMA grafting is inevitable, then 
LC and HD operations should be carried out in staged 
surgical procedures with cardiac surgery first (20). The IMA 
should be fixed behind the sternum so that its stability is not 
influenced by the vacuum created by the lobectomy planned 
four or six weeks after cardiac surgery (20). Saphenous vein 
grafts with sufficient blood flow are the method of choice 
for simultaneous LC and HD surgery particularly for 
patients with poor LC differentiation and five-year survival 
expectancy lower than 50% (8,62).

For the use of the on- versus off-pump technique, our 
search focuses mainly on patients undergoing CABG rather 
than all heart surgery like valve or aortic surgery. This 
is due to the fact that, to the best of our knowledge, the 
majority of patients with primary LC and HD co-morbidity 
both requiring surgical treatment, apart from anatomical 
LC resection, were, simultaneously or in a staged surgical 
procedure, operated for CABG. Cardiopulmonary bypass 
(CPB) brings about hemorrhagic predisposition and/or 
hemorrhage because of heparine administration and disorders 
in coagulation mechanisms (8,10). The exaggerated dose 
of heparine being incompletely neutralized by protamine  
sulfate (22), the rebound phenomenon (22) and disturbances 
in thrombocytes function (resulting from use of CPB) 
(9,22,63), all contribute to the emergence of hemorrhages. 
However, for combined LC and HD operations the priority 
should be given to cardiac surgery while the timing of 
subsequent LC resection depends on hemodynamic stability 
after the cardiac procedure (13). The left lower lobe LC 
surgical removal should be performed during CPB due 
to better mobilization of the left lung (9,20,64). This 
improves the surgical plan while arrhythmias or bradycardia 
associated with hypotension (65-67) and hemodynamic 
instability (5,9,20) are avoided. Also, combined LC [T4 
locally advanced non-small cell lung cancer (NSCLC)] and 
cardiac surgery under CPB presents tolerable postoperative 
long-term survival reaching 21.6 months (27). This is 
in accordance with another study (68) showing 5-year 

Table 8 Postoperative differences between arrhythmias and total 
cardiac complications versus respiratory complications (first meta-
analysis)

Complications N Mean (SD) Median (IQR) P value*

Respiratory 
complications

15 16.5 (34.7) 2.0 (0.0, 11.0)

Arrhythmias 15 24.5 (33.0) 6.0 (2.0, 43.0) 0.570**

Total cardiac 15 30.3 (44.4) 7.0 (2.0, 43.0) 0.201**

*, Wilcoxon test; **, VS respiratory complications.

Table 9 Postoperative differences between arrhythmias and total 
cardiac complications versus respiratory complications (second 
meta-analysis)

Complications N Mean (SD) Median (IQR) P value*

Respiratory 
complications

24 3.9 (4.7) 2.0 (1.0, 4.5)

Arrhythmias 24 4.8 (7.0) 2.5 (1.0, 5.0) 0.741**

Total cardiac 24 5.3 (7.0) 3.0 (1.0, 6.5) 0.593**

*, Wilcoxon test; **, vs. respiratory complications.
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survival for 37% of patients undergoing LC surgery under 
circulatory bypass. If combined LC and HD surgery, 
performed under CPB, concerns valvular repair or 
replacement, then after cardiac operation but before LC 
resection, the pericardium should be surgically closed to 
avoid dissemination either of neoplastic cells or infectious 
micro-organisms of respiratory system origin (13). The 
disadvantage of the off-pump technique is the incomplete 
revascularization when the coronary obstruction is 
anatomically positioned in circumflex ramifications (69,70), 
necessitating a surgical approach using left thoracotomy 
(69,71). The prerequisites for success of CABG with the off-
pump method are: (I) sufficient graft patency; (II) sufficient 
venous return; (III) surgical skills for quick anastomosis 
completion; (IV) twine sutures for stability; (V) placement 
of anastomosis as distally as possible; and (VI) sufficient 
surgical plan (69). 

Moreover, for combined LC and HD surgery median 
sternotomy and lateral open thoracotomy are the more 
prevalent approaches (64), with median sternotomy 
being preferable for the following reasons: (I) lung 
volumes, flow rates and compliance are postoperatively 
less affected (72,73); (II) postoperative pain requires less 
administration of analgesia (72); (III) surgical plan is 
sufficient for right lung tumors (74); (IV) feasibility of 
safe intra-operative examination, before establishment of 
CPB, for detection of possible lymph nodes metastases 
not preoperatively diagnosed (5); and (V) the possibility 
of performing mediastinal lymphadenectomy except for 
subcarinal nodes (74).

Concerning the neo-adjuvant and/or adjuvant therapy, 
the postoperative outcome of patients with locally 
advanced LC depends on a radical surgical excision and 
responsiveness to neo-adjuvant treatment (37,75-78), both 
contributing to an increase of the five-year postoperative 
survival rate in 38% (37,78) and 46.2% (79) of patients. 
The more dangerous complications after pneumonectomy 
in LC patients who received neo-adjuvant treatment are 
pulmonary edema and broncho-pleural fistula (BPF) (37). 
Pulmonary edema is attributed to the adverse effects of 
preoperative radiation in healthy lungs producing sclerosis 
in mediastinal lymph vessels being further enhanced by 
mediastinal lymphadenectomy (37). The appearance of 
BPF depends on vascularization sufficiency of the flaps 
of pericardial and intercostal or serratus anterior muscle 
origin, used to stabilize the cut in the main bronchus after 
pneumonectomy (37). Also, postoperative radiotherapy 
in LC patients with N2 lymph nodes produced a survival 

increase related to either the death of neoplastic cells or 
a decrease of the toxicity level (80). Adverse effects of 
postoperative radiotherapy in LC patients with HD co-
morbidity are: (I) pacemaker dysfunction (81-85); (II) local 
disturbances in myocardial perfusion (86); (III) MI (87); and 
(IV) coronary arterial spasm followed by cardiac arrest (88). 
Cardiotoxicity, mainly dependent on the tumor’s location 
in lung (39), should be also taken into account following 
radiation after LC surgery except for right upper lobe 
tumors (39).

Moreover, implementation of adjuvant treatment does 
not significantly affect disease free survival (DFS) in early-
stage LC patients (89). However, the benefits of neo-
adjuvant and/or adjuvant treatment in five-year survival 
after pneumonectomy for LC stage III patients are also 
reported in literature (40). Individualization of the adjuvant 
radiotherapy dose along with improvement of technological 
equipment both significantly reduced cardiotoxicity (39). 

In the context of LC therapy, although stereotactic 
ablative radiotherapy treatment (SABR) is not the method 
of choice for patients with LC and HD co-morbidity, it’s 
worth mentioning some information concerning this newer 
treatment modality. Particularly, during the last 10 years 
SABR has been considered the main treatment for early-
stage primary LC or for LC patients with oligometastatic 
disease (90-92). Ideal candidates for SABR are T1N0 
or T2N0 NSCLC patients (93). SABR can substitute 
lobectomy or wedge resection for local control of early-
stage NSCLC (93,94). Complications attributed to SABR 
are radiation pneumonitis (RP) and radiation-induced 
lung injury (RILI) (95). Although RILI is more frequently 
associated with SABR treatment (95), patients with large 
tumors or interstitial lung disease (ILD) present a higher 
risk for RP after SABR (95). Besides, it is important to 
distinguish between RILI and local recurrence of LC 
in order to protect patients from inappropriate medical 
decisions (95). Also, FEV1, forced vital capacity (FVC) and 
carbon monoxide diffusion capacity (DLCO) are slightly 
affected, without statistical significance, by SABR treatment 
(96-98). Nevertheless, chest wall pain, rib fractures, skin 
toxicity, nausea and injuries to great vessels, trachea and 
bronchial tree, are the adverse effects of SABR if lung 
tumors are positioned within 2 cm of the mediastinal 
structures (95). Recurrences usually appear within three 
years of SABR (99). Although for NSCLC stage II or III 
(N0, N1 or T3 tumors) surgery seems to be the treatment 
of choice (100), local control of the disease is considered 
feasible for inoperable NSCLC stage II or III by improved 
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imaging techniques and radiotherapy including dose 
escalation in the use of SABR (100). 

The main important issue to be elucidated concerns the 
choice between combined or staged operation, as preferable 
surgical treatment, in patients with primary LC and HD 
co-morbidity. To the best of our knowledge, we didn’t 
find what operations are actually occurring regarding the 
surgical trend for these patients, while provided information 
(10,14,47) was not sufficient for statistical comparison 
between combined and staged surgical procedures. 
However, it was previously reported that staged procedures, 
with HD being first surgically repaired, are preferable due 
to less perioperative mortality and better long-term survival 
(5,6,10,14). 

Nevertheless, combined surgical operation for both 
primary LC and HD co-morbidity seems to be feasible if: 
(I) LC histology is of squamous type with stage IA to IIIA 
without N2 nodules infiltration (16); (II) there is no medical 
history of recent myocardial cancerous infiltration (16); and 
(III) the presence of unstable angina with no possibility for 
coronary angioplasty or stenting (16). Contra-indications 
for a combined LC and HD surgery are: (I) co-existence of 
cancer in the esophagus, pancreas and other organs (11); (II) 
heart failure requiring high dose of catecholamines (11); (III) 
application of mechanical circulatory assistance (11); (IV) a 
tendency for serious postoperative bleeding specifically after 
CABG surgery (11); (V) N2 LC disease (16); and (VI) when 
lung tumors infiltrate the diaphragm and/or parietal pleura 
or being adjacent to the oesophagus or descending aorta (16).

 For primary LC patients stage I or II with HD both 
requiring surgical repair, the combined surgical procedure 
is preferred (5,6,9,10) to prevent metastasis, thus avoiding 
a second surgical stress condition. This seems to be in 
accordance with other studies (5-8,10,11,13,19,44) reporting 
that combined LC and HD surgery can be safe with good 
results and prognosis in carefully selected patients including 
the ones unable to tolerate a second operation. It was 
further supported that simultaneous surgical treatment for 
cardiac and operable oncologic disease could prevent rapid 
growth of tumor (11). Also, candidates for a combined 
procedure should undergo preoperative mediastinoscopy 
even if no lymph node enlargement is identified in a 
preoperative chest CT-scan (16). Furthermore, when 
staged procedure is decided, HD has to be treated-first 
and lung resection should follow four or six weeks later 
(12,20,47,101). However, if coronary angioplasty took place 
instead of conventional cardiac surgery, then lung resection 
should be performed one or two weeks later (14,47,102). 

In case of prior coronary arterial stenting, LC resection 
is recommended one year after stent’s placement because 
of significant risk for mortality attributed to perioperative 
major adverse cardiac events (103,104) such as stent 
thrombosis (103) and MI necessitating revascularization (103). 
Nevertheless, if coronary stenting occurs and LC surgery 
must be performed, the following options exist: (I) delay of 
the oncologic operation; (II) lung resection under cessation of 
dual anti-platelet therapy or under anti-coagulative treatment 
by inducing increased risk for perioperative bleeding; and (III) 
application of stereotactic radiotherapy (105-107). 

As combined LC and HD operation entails greater 
perioperative risks (14), the decision between combined 
or staged surgical procedure can be facilitated by careful 
and detailed preoperative assessment of factors potentially 
influencing the postoperative outcome of these patients. 
These factors, related to LC surgery, were divided in 
preoperative and postoperative predictors (108). Preoperative 
predictors were male sex, age, chronic obstructive pulmonary 
disease (COPD), congestive heart failure (CHF), renal 
disease, any prior tumor diagnosed during the last five years 
before LC surgery and clinical stage (108). Postoperative 
predictors were the type of LC resection and the pathological 
stage, both being the most accurate to estimate the 
postoperative long-term survival (108). Also, according 
to another study, risk factors related with morbidity after 
LC surgery were independently divided for the younger 
(≤70 years) and for the elderly (≥70 years) patients (109). 
Concerning the younger patients (≤70 years) postoperative 
morbidity was significantly related to the histological 
cell type, the extent of lung resection and FEV1% (109). 
For the elderly patients (≥70 years), hypertension, serum 
creatinine level, (%) DLCO and smoking status had 
significant contribution to the increase of postoperative 
morbidity (109). Thoracotomy (110), pneumonectomy (111),  
co-morbidities (112) and induction of neo-adjuvant  
therapy (113) were also found to increase morbidity after LC 
surgery. 

As for the in-hospital mortality for candidates for LC 
surgery this can be estimated by using independent variables 
such as age, sex, American Society of Anaesthesiologists 
score (ASA), performance status, side, lobectomy, 
pneumonectomy, extended resection, stage III and stage IV 
disease, forced expiratory volumes (FEV), body mass index 
(BMI) and the number of co-morbidities per patient (114). 
Although the possibility for in-hospital death was estimated 
to be three times higher for the right-sided pneumonectomy 
compared to lobectomy or limited lung resection, the risk 
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of death following pneumonectomy or extended resection 
was not correlated to FEV which was not the case for  
lobectomy (114). Also, the positive cardiologic history 
is not a risk factor for increased postoperative morbidity 
and mortality for the elderly, on the assumption that 
lung resections will be limited to lobar, segmental or 
wedge resections (104,106,115,116). However, surgery 
for both middle and lower lobectomy (bilobectomy) was 
associated with significant cardio-respiratory postoperative 
complications compared to lower lobectomy (117). 
Moreover, the risk of perioperative cardiac complications 
and the 5-year survival in candidates for early stage LC 
surgery can be evaluated by using the thoracic revised 
cardiac risk index (ThRCRI) which is an independent 
prognostic factor (118). 

After having presented and medically interpreted issues 
potentially influencing the postoperative outcome of 
patients requiring surgical treatment for LC and HD co-
morbidity, a commentary of our meta-analytic findings is as 
follows.

It is well known that tumor’s histology influences 
outcome after LC surgery. Our finding from the first meta-
analysis that higher percentages of squamous LC were 
correlated to significant increase in 30-day postoperative 
mortality, is enhanced by a previous study reporting that 
squamous LC is included among risk factors contributing 
to death or major complications during the first thirty 
postoperative days (119). Also, according to Takamochi et al. 
squamous histologic type was more frequent in the elderly 
compared to younger patients with LC (109). However, in 
our study, and for both meta-analyses, squamous LC was 
found to be frequently detected in younger patients 
(≤70 years, Tables 1,2). Moreover, our finding, from the first 
meta-analysis, that higher percentages of lobectomy were 
accompanied by significant decrease in 30-day postoperative 
mortality seems to be in accordance with Myrdal et al. 
reporting that lobectomy was associated with lower early 
postoperative mortality compared to more extensive surgery 
such as pneumonectomy (119). This can be attributed 
to the type of surgical procedure per se which maintains 
more pulmonary reserves compared to pneumonectomy or 
more extended lung resection (114). Other studies further 
supported that pneumonectomies were associated with 
higher morbidity and postoperative mortality (119-121).  
Also, the early mortality after LC surgery depended 
on occurrence of major postoperative complications, 
particularly pulmonary complications, including respiratory 
failure (119,122). This was significantly (P=0.001) frequent 

for pneumonectomy compared to lobectomy (119).  
The importance of FEV1 to predict the remaining 
pulmonary capacity along with the possibility of respiratory 
complications after LC surgery is underlined in the relevant 
literature (119,123). Besides, the contribution of FEV1 in 
determining morbidity and in-hospital mortality following 
LC resection is further reported by other studies (109,114). 

As for our finding of the second meta-analysis that 
combined LC and HD surgical procedures were significantly 
associated with higher postoperative proportions of 
complications, this appears to be in accordance with previous 
studies supporting that higher perioperative risks and overall 
perioperative mortality are compatible rather to simultaneous 
than staged cardiac and LC surgery (5,6,9,14,15,20,21). A 
possible explanation could be that combination of LC and 
cardiac surgery constitutes by itself a factor predisposing to a 
more severe early postoperative clinical condition attributed 
to increased surgical stress.

Furthermore, our findings of the second meta-
analysis, that higher percentages for squamous LC 
histology, lobectomy and p-T1 or p-T2 were associated 
with significantly higher postoperative proportions of 
complications can be explained as follows. Squamous 
LC histology usually presents a centrally located tumor 
(124,125). This can necessitate a more extended pulmonary 
resection, affecting postoperative survival (66,126,127) 
which coincides with the suggestion that LC histology 
is included among risk factors influencing outcome after 
surgery (119). Also, our finding that higher percentages for 
lobectomy were related to significantly higher postoperative 
complications for combined LC and HD surgery, can 
be further attributed to the fact that lobectomy affects 
postoperative FEV (114) which have an important role in 
the outcome after LC surgery (109,114,119,123). Additional 
cardiac co-morbidity should be also taken into account 
regarding postoperative complications. The negative impact 
of co-morbidity in postoperative outcome of LC patients is 
reported in literature (128), which might be in favor for the 
choice of a simultaneous surgical approach for LC and HD 
co-morbidity. Concerning our finding between percentages 
of pT1 or pT2 and postoperative complications, the 
majority of patients, according to our literature search, 
treated for combined LC and cardiac surgery, were of 
pT1 or pT2 status ( numerically suitable for statistical 
analysis). These patients underwent rather lobectomy 
than other types of lung surgery. Postoperative pulmonary 
capacity can deteriorate by this type of LC surgery (114), 
particularly in patients with an impaired cardiac function, 
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thus contributing to postoperative complications. We 
suggest that the possibility of performing a specific program 
of cardio-pulmonary rehabilitation before combined LC 
and HD surgery can improve preoperative value of peak 
VO2 (maximal oxygen consumption), which globally reflects 
patient’s functional status including muscular oxygenation 
(129,130). This might result in reduction of postoperative 
complications. The usefulness of a similar preoperative 
program was reported in literature for LC patients with 
COPD co-morbidity who underwent lobectomy (131). 

As for the systematic side effects attributed to the 
ECC, these have been extensively reported in literature 
(132-140). Immunologic disturbances induced by ECC, 
are considered to contribute to neoplastic disease spreading 
(101,141). However, for combined LC and cardiac surgery 
performed under ECC, resection of lung parenchyma 
is safer to be performed rather before than during CPB 
(13,20,21), with the exception of the left lower lobe (20), 
or after CPB (9,20). The potential increase of neoplastic 
metastasis resulting from ECC use was supported by a 
number of studies (9,20,21), while the adverse effects of the 
ECC on pulmonary function were reported as well (142). 
The possibility to avoid the use of the ECC in combined 
LC and cardiac disease surgery, particularly for myocardial 
ischemia, was also reported (44,143). Other studies did not 
confirm the fact that the ECC either worsens postoperative 
survival in patients with malignancy (13,19,25) or to make 
for spreading of lung tumor (14). These works (13,14,19,25) 
are in accordance with our finding of the second meta-
analysis that the postoperative outcome of patients 
simultaneously operated for both LC and HD under ECC 
is not significantly affected, something which enhances the 
hypothesis of reversibility of adverse effects by ECC. 

A finding from the second meta-analysis which should 
also to be commented on is that the five-year survival was 
significantly affected by lobectomy, which represents a 
less extensive procedure. In a previous study the five-year 
survival after lobectomy was of 67% to 83% and of 43% 
to 78% for T1N0/stage IA and T2N0/stage IB patients, 
respectively (144). This is in agreement with the Lung 
Cancer Study Group reporting a 5-year DFS of 65% for 
T1N0M0 NSCLC patients undergoing surgery (145), 
while the 5-year survival after combined procedure for 
pT1N0M0 NSCLC patients was of 87.5% (6). Other 
studies, for combined LC and cardiac surgery, reported 
a 5-year survival of 88% (6), 52.4% (12) and 42% (21),  
while long-term survival in patients who underwent 
simultaneous LC and CABG surgery was significantly 

affected only by recurrence of the neoplastic disease (26). 
The negative impact of combined LC and HD surgery by 
itself on long-term survival of these patients is also reported 
in literature (10,20). The fact that the second meta-analysis 
displayed significant decrease in 5-year survival for higher 
percentages of lobectomy can have the following possible 
explanation. Particularly: (I) the usually central location in 
lung parenchyma of the tumor as the majority, according to 
our literature search, of patients were of squamous histology 
which can involve a more extended surgical procedure; (II) 
the impact of lobectomy in pulmonary capacity affecting 
the outcome after LC surgery (109,114,119,123); and (III) 
the issue of co-morbidity by itself in patients suffering from 
LC (129). Moreover, for both meta-analyses, no statistically 
significant differences were found for the type of postoperative 
complications, i.e., respiratory or cardiac complications 
including arrhythmias. Additionally, in second meta-analysis, 
the five-year survival is significantly decreased by higher mean 
age although the advanced age is not a contradiction for LC 
surgery (2). Nevertheless, in LC surgery, age strongly increases 
in-hospital mortality (146) while it is included among risk 
factors for life-threatening morbidity (147) by also affecting 
the long-term survival (108). These studies (108,147) seem to 
support our finding of a decreased five-year survival. Besides, 
co-morbidities should be taken into account concerning their 
impact on postoperative outcome of patients undergoing LC 
surgery (112,114).

Conclusions

Lobectomy, where possible, was accompanied by lower 
postoperative mortality. However, lobectomy (as selected 
type of operation) and age were both associated with 
a reduced five-year survival rate. Patients undergoing 
a combined surgical procedure such as CABG and 
lobectomy for squamous pT1 or pT2 display a higher risk 
of postoperative complications not attributable either to 
the ECC or the type of cardiac operation, given that in the 
reviewed literature the majority of cardiac operations were 
CABG compared to other types of cardiac surgery. Male 
patients showed a tendency for increased postoperative 
complications. Nevertheless, the medical decision between 
combined and staged surgical procedure for LC and HD 
disease co-morbidity should be individualized for each 
patient. Although combined operation seems to spare 
patient from both spreading of cancerous cells and a 
second surgical stress condition, we think that the final 
decision should depend on parameters such as adequacy 
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of myocardial arterial flow, age, patient’s preoperative 
performance status (taking into account the number and the 
type of co-morbidities per patient), staging of tumor and 
the extent of lung resection. 
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