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ABSTRACT

Background: Pulmonary artery reconstruction can be preferred as an alternative to pneumonectomy,
to spare the functional lung parenchyma in lung cancer. This study aimed to evaluate the morbidity,
mortality and survival rates of the patients who had undergone pulmonary artery reconstruction due to
central non-small cell lung cancer (NSCLC) and also to compare their data with those of the patients

who had undergone pneumonectomy.

Materials and Methods: In this study, 88 patients who underwent pneumonectomy (group PN) and 20
patients who underwent standard or sleeve lobectomy (double sleeve) with pulmonary artery reconstruction
(group PAR) for NSCLC with stages I-IITA between January 2005 and December 2010 were evaluated
retrospectively. The morbidity and mortality rates, durations of the hospital and intensive care unit stay,

5-year and mean survival rates of the homogenous patient groups were analyzed comparatively.

Results: The postoperative morbidity rate was 30% in the PAR group and 53% in the PN group (p =0.77).
The bronchial complication rate was 0% in the PAR group and 15% in the PN group (p = 0.04). The 30-day
mortality rate was 5% in the PAR group and 5.6% in the PN group (p = 1). The median follow-up period
for all patients was 31.5 months (range: 0-84 months) and total 5-year survival was 56.2%. In early-stage
tumors (stage I + stage II), total 5-year survival rate was 64% in the PAR group and 60% in the PN group
(p =0.7). In late-stage tumors (stage III), total 5-year survival rate was 52% in the PAR group and 30% in
the PN group (p = 0.04). No local recurrence was observed in either group during the follow-up period.

Conclusions: In central lung tumors, to avoid pneumonectomy, major anatomical lung resection with
pulmonary artery reconstructions can safely be performed with acceptable morbidity and mortality rates.
Oncological outcomes of pulmonary angioplasty procedures regarding survival and local recurrence are
not worse than those of pneumonectomy. Even in advanced stage lung tumors, these procedures can be

an alternative to more radical operations such as pneumonectomy.
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Introduction

Pneumonectomy has been performed as a standard sur-
gical method in the curative treatment of patients with
central lung tumors for decades, [1]. The limited physio-
logical reserve after pneumonectomy (PN) is considered
to cause higher morbidity and mortality than lobectomy
[2-6]. Since the sparing of functional lung parenchyma
provides a higher quality of life, bronchial sleeve resec-
tions have been used as an alternative to pneumonec-
tomy in central lung tumors [7,8]. In many comparative
publications up to date, the perioperative risk of bron-
chial sleeve resection is shown to be comparable to that
of standard lobectomy [9-11], and it has been noted that
its long-term survival outcomes and tumor recurrences
are similar to or better than pneumonectomy [10,12,13].
Knowing that pneumonectomy alone is a mortality-
increasing operation, it has recently been reported that
independent of pulmonary functions, parenchyma spar-
ing surgeries (PSS) are also widely performed in patients
who can tolerate pneumonectomy [1,14].

The only alternative to pneumonectomy is pulmo-
nary artery reconstruction (PAR) combined with lo-
bectomy or bronchoplasty if there is main pulmonary
artery involvement in the central pulmonary tumors,
[15]. Although high mortality and morbidity rates
have been reported in the early reports of this paren-
chyma sparing lung resection [16], the advantages of
pulmonary angioplastic procedures have been shown
in recent studies [17-20], and thus these applications
have become increasingly popular in lung cancer sur-
gery. Especially, the increase in the long-term satisfac-
tory results of the bronchovascular sleeve resections
[1,15,17,18,20-23] has been the basis of pulmonary
angioplasties performed to avoid pneumonectomy in
central lung tumor patients with pulmonary artery in-
vasion. However, in the literature, there are only a few
clinical studies comparing pneumonectomy performed
with angioplasty procedures in terms of operative mor-
tality, morbidity, survival and recurrence rates [1,21,24-
27]. In these studies, PAR has generally been applied to
heterogeneous patient populations with different surgi-
cal techniques for different indications, and it has been
considered as a variation of bronchoplastic procedures
(extended sleeve) when comparing its results with the
results of the patients who underwent PN; therefore, it
is difficult to make a precise interpretation about the su-
periority of PAR itself to PN.

This retrospective study aims to investigate the pa-
tients who underwent pulmonary artery reconstruction
due to central non-small cell lung cancer (NSCLC) with
pulmonary artery involvement in terms of morbidity,
mortality and survival rates and to compare these results
with the results of the patients who underwent pneumo-
nectomy in the same period.

Materials and Methods

All of the patients who were treated in our clinic gave in-
formed consent by signing a statement allowing the use
of their data for clinical trials. The study was approved
by the institutional review board (2019-004-002) and
was conducted in accordance with the principles of the
Declaration of Helsinki.

Patient Criteria

In the study; six hundred and thirty-six patients who
were diagnosed with NSCLC, ranging from stage I to
IIT A, and underwent lung resection in Yedikule Chest
Diseases and Thoracic Surgery Education and Research
Hospital between January 2005 and December 2010
were analyzed. Among these, a total of 139 patients
were studied retrospectively, of whom 22 had under-
gone pulmonary artery reconstruction, and 117 had un-
dergone pneumonectomy. Data collection for analysis
was ended in November 2012.

Tangential resection and primary suturation of the
pulmonary artery (PA), patients with simple closure of
a single PA branch or PA damage repair, patients who
received neoadjuvant therapy, patients with ‘T4’ tumor,
patients who had ‘N2’ lymph node metastasis or R1 mi-
croscopic residual disease, patients who underwent ex-
tended resection such as chest wall resection or carina
resection, carcinoid tumors, lung tumors with the brain
and surrenal metastasis, patients who were operated for
recurrent lung tumors and completion pneumonectomy
were excluded from the study for the sake of homogene-
ity between the groups. In conclusion, 20 patients (group
PAR) who underwent pulmonary artery reconstruction
and 88 patients (group PN) who underwent pneumonec-
tomy in the same period were included in the study.

Preoperative Preparation

All patients underwent the standardized diagnostic and
staging procedures preoperatively. Histopathological di-
agnostic specimens were obtained by either fiberoptic
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bronchoscopy or computed tomography (CT)-guided
needle biopsy. CT scans of each patient’s chest and upper
abdomen, bone scintigraphy, and brain magnetic reso-
nance imaging (MRI) or Positron-emission tomography
(PET) study were performed for noninvasive staging.
Each patient also underwent a pulmonary function test,
electrocardiography, and arterial blood gas analysis to
evaluate the operative risk. Pulmonary angiography was
performed in selected cases to evaluate the degree of pul-
monary artery invasion. All patients suspected of having
N2-N3 lymph node metastasis underwent cervical medi-
astinoscopy-mediastinotomy-extended mediastinoscopy.

Surgical Method

Single-lung ventilation was established through a
double-lumen endotracheal tube. A routine posterolat-
eral thoracotomy in the fifth intercostal space was per-
formed. Mediastinal and hilar lymph node dissection
was routinely performed, and frozen sections were stud-
ied. Patients who had a central tumor in the entrance
of lobar bronchus and who had positive surgical mar-
gin after standard lobectomy underwent bronchoplastic
procedure in which end-to-end style anastomosis was
performed using a continuous suturing technique with
3-0 non-absorbable material (Prolene Ethicon Inc, Ham-
burg, Germany). Where safe dissection of pulmonary
artery branches was not possible due to tumor invasion,
but complete surgical resection with standard or sleeve
lobectomy could be achieved, patients underwent PA re-
section and reconstruction procedures to avoid pneumo-
nectomy. After the resection of the tumor-effected part
of the PA, bronchus was also resected, and the tumor-
bearing lobe was removed en-block. Meanwhile, frozen
section examinations were performed both for the bron-
chus and for the resected part of the PA to be sure that
there was no tumor at the margins of the resection.

At the pulmonary artery reconstruction phase, patch
angioplasty was performed if PA diameter was resected
up to the half; if more than half of the PA diameter was
resected, sleeve angioplasty (sleeve resection and end-
to-end anastomosis) was performed. In all patients who
underwent patch angioplasty, the autologous pericardi-
um removed from the anterior part of the phrenic nerve
was used for patching. The graft was patched using con-
tinuous suture technique with 5-0 monofilament non-
absorbable material (Prolene Ethicon Inc, Hamburg,
Germany). If a concomitant bronchoplastic procedure

would also be performed, patch angioplasty was per-
formed before the bronchial anastomosis to reduce the
clamping time of the pulmonary artery. In sleeve angio-
plasty requiring patients, PA anastomosis was performed
after the bronchial anastomosis to minimize vascular ma-
nipulation and to shorten the distance between the distal
and proximal edges to decrease the tension. Pulmonary
artery anastomosis was performed using a continuous
suture technique with 5-0 monofilament non-absorbable
material (Prolene Ethicon Inc, Hamburg, Germany). In
double sleeve performed patients, pedicled pericardium
or pleural flap was interposed between the tissues of the
anastomosis. In the pneumonectomy group, closure of
the main bronchus after resection was performed with
two or four rows of 3-0 non-absorbable suture (Prolene
Ethicon Inc, Hamburg, Germany). All patients included
in the study were extubated on the operation room and
were transferred to the intensive care unit.

Postoperative Period

Fiberoptic bronchoscopy was performed in the postop-
erative period if the patient developed secretion reten-
tion or if any anastomotic complications were suspected.
In PAR group, long-term oral anticoagulation was not
considered necessary in patients who underwent patch
angioplasty. However, patients who underwent sleeve
angioplasty received IV heparin during hospitalization
and oral anticoagulant for 3 months following discharge
to prevent clot formation due to anastomotic turbulence.

Postoperative histopathological staging (pTNM)
was performed. The resected specimen was examined
histopathologically and the histologic type was deter-
mined according to the WHO classification [28]. Surgi-
cal pathological staging was performed according to the
7th TNM grading system adopted by the American Joint
Committee for Cancer (AJCC) in 2009 [29]. Routine
postoperative follow-up included an office visit with
a physical examination, serial chest radiographs, and
computed tomography every 3-6 months.

Postoperative complications, days of postoperative
stay in intensive care, and postoperative hospitalization
were considered as morbidity indications [24]. The de-
velopment of any fatal complications within the postop-
erative 30 days or death before discharge was defined as
postoperative mortality. The day the patient underwent
operation was taken base for the survival analysis, and
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the calculation was made according to it. Any tumor or
mediastinal lymph node development having the same
histology as the original tumor in the resected hemitho-
rax was defined as the local recurrence of the disease.

Statistical Analysis

Demographic data, morbidity and mortality rates were
calculated as percentages and compared using the X2 or
Fisher’s Exact test. Kaplan-Meier survival analysis was
used for survival and Mann Whitney U test for continu-
ous variables. P-value of less than 0.05 was considered
to be statistically significant. SPSS 10.0 packaged soft-
ware was used for analysis.

Results
1. Characteristic Features

Similar general characteristics of patients are given in
Table 1.

PAR PN p

Age (years + SD, range) 56.70+74 57.15+89 0.81

Male 18 (90)

86 (97)

2000 203 P2

Female

Comorbidities (n ,%) 11 355) 33(37)

Side of operation (n, %)

Histologic type (n, %)

pTNM staging (n, %)

Adjuvant therapy (n, %)

Abbrev.; COPD: chronic obstructive pulmonary disease, SD:
standard deviation.
*Indicates a significant difference between two groups.

Although both groups underwent left-dominant op-
erations, this dominance was statistically significant in
PAR group (p = 0.04). Types of concomitant resections
and angioplasties performed on the patients in PAR

group (n = 20) are given in Table 2.

Sleeve
resection +
end-to-end
anastomosis

Partial
resection +
patch plasty

Total (n , %)

Sleeve lobectomy 10 11 (55)

Together with pulmonary angioplasty, nine patients

underwent standard lobectomy (left upper lobectomy,
n=7; right upper lobectomy, n=1; right lower lobectomy,
n=1), eleven underwent sleeve lobectomy (left sleeve
upper lobectomy, n=10; right sleeve upper bilobectomy,
n = 1). In all patients who underwent double sleeve
lobectomy, a left-sided procedure was performed. All
patients underwent PAR due to direct tumor invasion.
Of the thirty-four right pneumonectomies, five were in-
trapericardial (14%); of the fifty-four left pneumonecto-
mies, nine were intrapericardial (16%). Of the patients,
fifty-six underwent pneumonectomy due to fissure in-
vasion, 12 (left pneumonectomy, n = §; right pneumo-
nectomy, n = 4) due to vascular invasion, and 20 due to
main bronchial tumor.

2. Morbidity Indications

Postoperative complications used as indications of mor-

bidity were evaluated, and they were summarized in
Table 3.

PAR (n=13) PN (n=81) p

Arrhythmia 1

Prolonged air leakage > 7 days 3

Pneumonia 2 12 0.61

Broncho-pleural fistula 0 14 0.04*

Empyema 1 12 0.35
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In the PAR group, 13 complications (8 minor, 5 ma-
jor) developed in six patients and the morbidity rate was
30%. In the PN group, 81 complications (30 minor, 51
major) were observed in forty-seven patients and the
morbidity rate was 53%. When groups were compared,
there was no significant difference in morbidity rates (p
= 0.77), although, more patients in the PN group had

more complications.

The most frequent complications in both groups were
pulmonary complications. The most common cause of
pulmonary complications in both groups (group PAR, n
=4; group PN, n = 23) was secretion retention/ atelecta-
sis requiring FOB or nasotracheal aspiration (NTA). No
significant difference was observed between the groups
in terms of therapeutic FOB requirements (p = 0.32).

No bronchial dehiscence or late-term non-neoplas-
tic stricture development was observed in PAR group
patients, while in the PN group 14 (15%) patients de-
veloped a broncho-pleural fistula. Of the patients with
fistula, 10 underwent right PN and 4 left PN. A signifi-
cant difference observed between the groups in terms of

bronchopleural fistula development (p = 0.04).

Pleural drainage and irrigation were performed on
14 patients who developed BPF in the PN group; via
thoracostoma in seven and tube thoracostomy in 3. Two
patients underwent stump revision and omentoplasty,
and of the remaining 2; 1 underwent sternotomy with
bronchial occlusion in the early period, and the other

underwent endobronchial closure with FOB.

No significant difference was observed between the
hospital stays of the patients in PAR and PN groups
(Table 4) (p = 0.38). Intensive care unit stay was 2.9 +
7.8 days (min: 1-max: 36) in the PAR group and 2.4 +
6.8 days (min: 1-max: 60) in the PN group. There was
no significant difference between the groups in terms
of intensive care unit stay (p = 0.80). Since all patients
were followed up in the intensive care unit on the post-
operative 1st day, the patients were also studied for the
ratio of the patients who stayed for 1 day and those who
stayed for longer than 1 day, and no statistically signifi-
cant difference was observed between the two groups
(Table 4) (p =0.82).

Table 4. Hospital stay and ICU stay as indicators of mor-
bidity.

PAR n=20) PN (n=88) p
Mean = SD, Mean + SD,
range range
Hospital 11679 123+113 03
stay (days)
n (%) n (%)
ICU stay
Gm) stay for 1 day 17 (85) 73 (83) 08
stay for longer 3(15) 15 (17)

than 1 day

Abbrev.; ICU: intensive care unit, SD: standard deviation.

3. Mortality

In the PAR group, in one patient who could not be extu-
bated in the postoperative period, hospital mortality oc-
curred due to ventilator-associated pneumonia, ARDS,
sepsis and multi-organ failure on the 28th day (5%). In
the PN group, hospital mortality occurred in 5 patients
(%5.6). Of these 5 hospital mortalities; 2 occurred on
the 19th and 21st days due to sepsis and multi-organ
failure following post-operative pneumonia, 1 occurred
due to bronchopleural fistula and empyema on the 12th
day, and the other 2 occurred due to cardiac and renal
problems on the 16th and 24th days. When the groups
were evaluated in terms of mortality rates; although
there was a higher rate of mortality in PN group, no sig-
nificant difference was determined (p > 0.05) (Table 5).

Table 5. Postoperative mortality.

Cause of death PAR PN
Pneumonia, ARDS 1 2
Broncho-pleural fistula 1
Myocardial infarction 1
Renal failure 1
Total (n, %) 1(5) 5(5.6)

Abbrev.; ARDS: adult respiratory distress syndrome.

4. Survival

The median follow-up period for all patients was 31.5
months (range: 0-84 months) and total 5-year survival
was 56.2%. In November 2012, when the follow-up
was terminated, 13 (65%) patients in the PAR group and
55 (62%) in the PN group were alive. The two groups
were similar in terms of follow-up periods (p = 0.75).
Overall 5-year survival results (59.8% and 56%, respec-
tively) and mean survival time (58 and 54 months, re-
spectively) were more advantageous in the PAR group
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compared to the PN group (p = 0.81); however, this ad-
vantage was not statistically significant (Figure 1).

Group

IPAR
PN

1,07

0.8

0,6+ - ..

Survival (%)

0,07}

T T T T T
0,00 20,00 40,00 60,00 80,00 100,00

Time (months)

Figure 1. Comparison of survival between groups.

While total 5-year survival rates were similar in both
groups in early-stage (stage I + II) tumors (p = 0.73),
total 5-year survival in late-stage (stage III) tumors was
observed to be significantly better in the PAR group (p
=0.04).

Discussion

If any cure could be offered for lung cancer, surgical
resection is the most important treatment method today.
Complete resection is associated with tumor recurrence
and survival, and the amount of resected pulmonary tis-
sue is associated with perioperative morbidity, mortality
and quality of life [4,27,28].

Since pneumonectomy has high mortality and mor-
bidity and decreases the patient’s quality of life, pa-
renchyma sparing bronchoplastic and angioplasty pro-
cedures have been defined [29,30]. If the tumor has
invaded the pulmonary artery, the only alternative to
pneumonectomy is the reconstruction of PA, no mat-
ter bronchoplasty is required or not. However, based on
the results of the early publishments, this technique was
thought to be laborious, time-consuming and associ-
ated with high mortality and morbidity rates [31]. Until
Rendina et al. [17,32] had published many specific in-
traoperative techniques related to PA sleeve resection
and their positive results, difficulties were encountered
in the acceptance of PA reconstruction, and no real ad-
vance could be achieved. Furthermore, there were seri-
ous concerns about the probability of a high tumor re-
currence risk, which would limit survival [33], and this
technique was not adopted by many thoracic surgeons.

Due to the recently reported acceptable morbidity,
mortality and long-term survival outcomes of PA resec-
tion and reconstruction concurrent with lobectomy, this
technique has been accepted as an advantageous alter-
native to pneumonectomy [1,17,18,21,34]. In our study,
the morbidity rates observed in PAR and PN groups
were 30% and 53%, respectively. No significant dif-
ference was observed between the groups in terms of
the incidence of morbidity. However, when bronchial
morbidities were taken into consideration, statistically
significantly higher BPF was identified in the PN group
(p = 0.04). This showed us that in central lung tumors,
pulmonary artery reconstruction concurrent with stan-
dard or sleeve lobectomy could be employed with lower
peroperative risk compared to pneumonectomy.

In PAR group, no procedure-specific mortal compli-
cations such as dehiscence on the bronchial or vascular
anastomosis site or broncho-vascular fistula were ob-
served. It demonstrated the importance of covering the
anastomosis site with living tissues such as the pleural
or intercostal muscle flap, just as we did in our cases.
In particular, it emphasized that the intercostal muscle
flap prevents the development of bronchopleural fistula
by providing airway continuity even if small dehis-
cences may occur in the anastomosis site. It has also
been reported in the literature that many materials such
as pericardium, pericardial fatty tissue, omentum, me-
diastinal pleura and azygos vein can be used for cover-
ing [22,24,26,34]. Besides, PA thrombosis is quite a rare
complication [20,32], as supported by the literature, and
should not be a concern about PAR. In our study, too, no
symptoms of PA thrombosis or occlusion was observed
in, and follow-up contrast-enhanced thorax CT revealed
no signs of chronic PA obstruction or stricture.

In our study, the mean length of hospital stay in the
PAR group was 11.6 days. In the literature, it is reported
that the time of hospitalization of patients undergoing
PAR is long [1,34]. Although, it was not statistically
significant, the duration of hospital stay and duration of
intensive care unit stay was found to be higher in PN
patients. This may be indicative of physiological disad-
vantage due to decreased pulmonary reserve after PN.

In our study, hospital mortality was observed in one
patient in the PAR group (5%) due to ARDS and sepsis
secondary to pneumonia. Although there was no sig-
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nificant difference in mortality between the groups in
our study, it has been shown in the literature that pa-
renchymal sparing surgeries could be performed with
less mortality rate compared to PN, and the importance
of spared pulmonary reserve has been emphasized
[12,13,26,34]. Right-sided surgery is the major surgical
risk factor in PN [35], however, in our study, most of
the patients underwent left pneumonectomy, extended
pneumonectomy cases were not included in the study,
and the number of the patients in PAR group was low,
so we believe that these are the reasons why the mortal-
ity rates of PN and PAR groups were similar.

Bronchoplastic procedures have been reported to be
an acceptable alternative to PN in terms of survival and
local recurrence and have been recommended to be per-
formed whenever possible [10,12,13,24,26]. However,
due to the need for complex surgical procedures in an-
gioplasty procedures, the worry that a complete surgery
cannot be achieved, and the expectation that local recur-
rence will increase and thus the survival will decrease,
the adaptation of surgeons to this technique has been
slow. The number of publications in which long-term
survival outcomes of angioplasty procedures have been
reported is relatively low in the literature [17-20]. The
first 2-year and total 5-year survival results (69% and
59%, respectively) observed in our study are similar
to or better than the results of these studies. However,
mostly heterogeneous patient populations (tangential
resection and original PAR) were analyzed in these stud-
ies, and survival results were often presented together
with bronchial sleeve resections. Due to the number of
patients, demographic characteristics, inclusion criteria,
tumor stages, and the differences in the follow-up pe-
riods, it is difficult to compare the results obtained in
other series with ours and to evaluate the oncological
success of our angioplasty practices.

That the arterioplasty concomitant with broncho-
plasty is oncologically superior to PN has been dem-
onstrated in some comparative studies [1,19,20,24,26].
It has been reported that it is oncologically successful
in the radical local control of the disease and has lower
local recurrence rates. In a meta-analysis performed by
Ma et al., [21] it was reported that the results of PAR
and sleeve lobectomy were similar in terms of postop-
erative mortality, morbidity, 5-year survival, and local

recurrence, and these results were better than PN. Be-
sides, it was reported in that study that PAR application
together with sleeve lobectomy is both technically and
oncologically as safe as isolated sleeve lobectomy. It
was emphasized that radical operations such as PN are
not necessary even in higher-stage tumors.

In our study, the first-2-year disease-free survival re-
sults (69% and 64% respectively), total 5-year survival
results (59% and 56% respectively) and the mean sur-
vival time were more advantageous in the PAR group
than PN group, but this advantage was not statistically
significant. We believe this is because the number of the
patients in PAR was low, only the stage I-IIIA tumors
were analyzed, and most of the patients in the study had
stage II tumors. When the survival results in our study
were analyzed according to the intergroup stages, the
survival results in early-stage tumors (stage I+II) were
found to be similar; however, the survival in PAR group
was significantly better than PN group in stage III tu-
mors (52% and 30% respectively). This shows us that
even in more advanced stage tumors, more radical op-
erations such as PN are not necessary to achieve a bet-
ter survival. This may indicate that PN patients, even at
the same stage, have a greater central tumor and more
lymph node involvement, both of which affect the sur-
vival. Besides, no local recurrence was detected on the
pulmonary artery suture line or bronchial anastomosis
in any of the PAR patients. The possible reasons for this
may be that PAR was applied only to the patients with
RO, the patients in the study had relatively low stages and
the follow-up period was shorter (median 26 months).
However, since the majority of lung cancer recurrences
occur within the first 2 years [36], it is not possible that
our local recurrence rate would have increased dramati-
cally if our follow-up period had been longer.

The main limitations of this study can be listed as
follows; its retrospective design, the low number of pa-
tients in the PAR group, the heterogeneity in the tumor
histology and stages, that the operations were performed
by different surgeons, and the short follow-up period.

In conclusion, this study showed that to avoid pneu-
monectomy in central lung tumors, pulmonary artery re-
constructions can safely be performed with acceptable
morbidity and mortality rates. According to the compar-
ison between the homogeneous patient groups, onco-
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logic results of pulmonary angioplasty procedures were
not worse than those of PN. The PAR group revealed
that even in more advanced stage tumors, more radical
operations such as PN are not necessary to achieve a
better survival. In the light of these data; major anatomi-
cal lung resection with pulmonary angioplasty is a suit-
able procedure not only for patients who cannot tolerate
pneumonectomy but also for all patients in whom this
procedure is anatomically and oncologically feasible.
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