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Abstract:

Background: The efficacy of video-assisted thoracoscopic
surgery lobectomy in patients with previous coronary artery
bypass grafting (CABG) surgery is controversial.
Objectives: To investigate whether skeletonized left internal
mammary artery (LIMA) mobilization contributes to the development of severe adhesions, which will affect what type of
lung surgery (open or closed procedure) will be required in
the future.
Methods: Eight patients (mean age 73.9 years) with previous
CABG surgery using a LIMA to left anterior descending (LAD)
graft underwent left-sided lobectomy for operable non-small
cell lung carcinoma.
Results: The lobectomy by thoracotomy rate was 62.5%
(5 patients), generally in patients with tumors in the left
upper lobe or in patients post-neoadjuvant chemotherapy,
while the video-assisted thoracic surgery lobectomy rate
was 37.5% (3 patients). Mean hospital stay was 8.3 days.
There was no mortality or major morbidity, apart from six
minor complications in four patients (50%) (air leak, atrial
fibrillation, atelectasis, pneumonia).
Conclusions: Patients with operable non-small cell lung
carcinoma following CABG surgery who need left upper lobe
resection do not benefit from the video-assisted thoracoscopic
surgery technique due to significant adhesions between the
LIMA to LAD graft and the lung. The method of preserving a
small portion of the lung on the LIMA to LAD graft may help
during left upper lobe resections. Adhesions in the left pleural
space after LIMA mobilization appear to minimally affect left
lower lobe video-assisted thoracoscopic surgery.
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T tomy (VATS) include smaller incisions, faster patient recovhe potential benefits of video-assisted thoracoscopic lobec-

ery, a shorter hospital stay, less postoperative pain, and a lower
incidence of postoperative arrhythmias and respiratory complications, without compromising the oncologic principles of lung
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cancer surgery [1-6]. Relative contraindications to VATS lobectomy include previous thoracic surgery, central hilar tumors, a
history of neoadjuvant chemotherapy or radiation, or any other
factor that might be associated with severe adhesions between
the lung and other intrathoracic structures, which would in
turn compromise the thoracosopic procedure and predispose
to conversion to lobectomy by thoracotomy. Previous coronary
artery bypass grafting (CABG) using a skeletonized left internal
mammary artery (LIMA) graft may also complicate pulmonary
resection due to severe adhesions between the mediastinum and
the lung, especially during left upper lobe lobectomy. We retrospectively evaluated the data of patients with previous CABG
who underwent left-sided lobectomy due to non-small cell lung
cancer during the period January 2009 to January 2013.

PATIENTS AND METHODS
The study population included eight male patients (mean age
73.9. years) with previous CABG surgery using a skeletonized
LIMA to left anterior descending (LAD) coronary graft in
whom lobectomy due to lung cancer was performed between
January 2010 and January 2013.
Lobectomy was performed in the left upper lobe (LUL) in
five of the eight patients and in the left lower lobe (LLL) in
three. None of the patients had standard absolute contraindications to the thoracoscopic procedure (presence of T3 or T4
tumors, N2/N3 disease, or an inability to achieve single-lung
ventilation) and were therefore eligible for VATS lobectomy.
From all the relative contraindications to VATS lobectomy
(central hilar tumors, tumors that were visible on bronchoscopy or necessitated sleeve resection, bulky mediastinal or
hilar lymphadenopathy, and a history of neoadjuvant radiation or chemotherapy), only neoadjuvant chemotherapy was
considered a contraindication to VATS surgery.
Preoperatively, complete cardiopulmonary evaluation by
echocardiography and pulmonary function tests, computed
tomography (CT) of the chest and upper abdomen, and
positron-emission tomography-CT (PET-CT) was performed
in all cases.
The clinical, pathologic and operative records of the eight
patients were retrospectively reviewed and the tumors clas-
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sified and staged preoperatively (including before and after
neoadjuvant chemotherapy) and postoperatively according to
the University of California Integrated Staging System (UISS)
TNM classification of tumors [7]. Three patients who underwent
neoadjuvant chemotherapy (2 due to T2N2 disease and 1 due to
T3N2 disease) were down-staged postoperatively to T1N0, T1N1
or T2N1 disease [6]. Five other patients were staged preoperatively as T1N0 (3 patients) and T2N0 (2 patients), and only 2
of these patients were restaged postoperatively to T1N1 disease.
Regarding co-morbidities, all the patients were smokers
with ischemic heart disease, three had chronic heart failure due
to a myocardial infarction (ejection fraction of 45%, 35% and
30% respectively), one patient was post-mechanical ventilation
due to pulmonary edema a year prior to the surgery, one had
severe aortic stenosis, two had chronic obstructive pulmonary
disease (COPD), two peripheral vascular disease, three noninsulin-dependent diabetes mellitus (NIDDM), one chronic
renal failure, one obesity, one drug abuse, and one chronic
atrial fibrillation.
All patients underwent standard anesthesia using a doublelumen endotracheal tube and perioperative thoracic epidural
analgesia, and lung surgery was performed by complete anatomic
dissection proceeded by hilar and mediastinal lymph node dissection according to the European Society of Thoracic Surgeon
Guidelines [8]. Attempted VATS lobectomy was performed in
five patients through three or four incisions without rib spreading as follows: (i) 1.0 cm incision in the 8th intercostal space in
the mid/post axillary line for the 0 grade thoracoscope, (ii) 1.0
cm utility incision in the 6th intercostal space in the mid-clavicle
line, (iii) 2.5–3.0 cm working incision in the 4th/5th intercostal space just anterior to the latissimus muscle, and (iv) 1.0 cm
incision beneath the tip of the scapula for thoracoscopic upper
lobectomies [6]. Lobectomy by thoracotomy was performed in
three patients using a standard serratus muscle-sparing posterolateral thoracotomy incision in the 5th or 6th intercostal space
[9]. During four LUL lobectomies, a thin lung parenchymal strip
was created on the LIMA to LAD graft utilizing thoracoscopic
endogastrointestinal anastomosis stapling. Two 36 French chest
drains (one curved and one straight) were inserted in each case.

RESULTS
All the patients included in our study had non-small cell lung
cancer operable via lobectomy and underwent CABG with a
skeletonized LIMA to LAD graft.
VATS lobectomy was performed in five of the eight patients,
and a lobectomy by thoracotomy was performed in three
patients post-neoadjuvant chemotherapy (two with an LUL
lesion and one with an LLL lesion). In three of the five patients
in the VATS group (two with an LLL lesion and one with an
LUL lesion) VATS lobectomy was successful. Conversion to
lobectomy by thoracotomy occurred in the remaining two
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patients because of severe adhesions between the LUL and the
mediastinum in the region of the LIMA to LAD graft.
Postoperatively, the patients were staged as T1N0-4, T1N12, T2N0-1, or T2N1-1. Final pathologic examination revealed
four adenocarcinomas, three squamous cell carcinomas and one
neuroendocrine carcinoma. Mean hospital stay was 8.3 days.
There was no major morbidity or mortality. Complications
were encountered in four patients: an air leak in two, atrial
fibrillation in two, atelectasis in one and pneumonia in one.
At follow-up today, all the patients are alive, seven in good
general health and disease free, and the patient with neuroendocrine cancer underwent systemic treatment due to disease
relapse.

DISCUSSION
The intraoperative conversion to lobectomy by thoracotomy
rates range from 2% to 20% [10-12]. McKenna et al. [6] document the reasons for conversion during VATS pulmonary
resection as vascular injury (generally to pulmonary artery
branches and less to pulmonary veins), dense adhesions, failure
to progress, and poor visualization. Gazala et al. [13] developed
the vascular, anatomic, lymph node, technical (VALT) “open”
classification system to allow assessment of reasons for conversion from VATS to open surgery. They found that with increased
experience, conversion for anatomic reasons of vascular injury is
declining, but that the rate of conversion in patients undergoing
VATS after previous thoracic surgery still remains high.
During our VATS lobectomies, we used an anterior approach
that involves individual ligation of the lobar vessels and bronchus and hilar dissection, followed by mediastinal lymph node
dissection. In the present study, we retrospectively studied the
possibility of performing VATS lobectomy in patients with previous CABG using a skeletonized LIMA to LAD graft. Five of
the patients were scheduled for LUL lobectomy and 3 for LLL
lobectomy.
One of the challenging technical situations in thoracic surgery is resection of the LUL due to cancer in patients with previous CABG using the LIMA. The presence of dense adhesions
between the LIMA and the apical anterior part of the LUL and
the chest wall presents the surgeon with the challenge of performing LUL lobectomy without injuring the LIMA. Complete
dissection of the LUL from the LIMA may be associated with a
high risk of LIMA rupture and potential myocardial ischemia/
infarction, which could prove lethal.
Various technical methods have been reported in the literature, all preserving a small strip of lung parenchyma adjacent
to the LIMA by utilizing multiple firings by an endogastrointestinal anastomosis stapling device [14] or LigaSure technology (Covidien Co., USA) [15].
During VATS surgery, adhesions between the lung and
mediastinum following CABG surgery render the left-side tho-
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racoscopic approach impossible and the open approach difficult because the LUL containing the tumor must be mobilized
carefully to minimize the possibility of LIMA compromise
[16]. The small strip of lung parenchyma that is left adherent to the internal mammary artery preserves graft continuity
and enables lung resection without endangering the patients.
The authors also reported that leaving a strip of the LUL lung
parenchyma attached to the LIMA pedicle is safe with only
minimal oncologic compromise.
Moreover, according to the results of our study skeletonized
LIMA mobilization contributes to the development of significant adhesions generally between the LIMA to LAD graft and
the lung, compromising the performance of left-sided VATS
lobectomies. In four or our five LUL lobectomy cases, we also
successfully used gastrointestinal anastomosis stapling, leaving
a thin lung parenchyma strip on the LIMA to LAD graft.
In summary, patients with operable left-sided non-small
cell lung cancer after CABG with a LIMA to LAD graft may
benefit from thoracoscopic surgery with a rate of 37.5% (VATS
lobectomy) vs. 62.5% for thorocatomy lobectomy. LIMA to
LAD graft surgery may complicate thoracoscopic lobectomy
because of pleural adhesions occurring after skeletonized
LIMA mobilization. Lobectomy by thoracotomy may be the
best approach for patients with severe mediastinal adhesions.
Since a VATS approach is occasionally feasible, we recommend
that surgery begin with the VATS technique, with contingency
plans for conversion to thoracotomy if significant adhesions
are found during surgery. The method of preserving a small
portion of the lung on the LIMA to LAD graft may help during left upper lobe resections. Adhesions in the left pleural
space after left internal mammary artery mobilization would
generally minimally affect left lower lobe video-assisted thoracoscopic surgery.
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Capsule
Lymphocyte expansion molecule (LEM) gets T cells the energy they need
During an infection, T cells proliferate extensively to build
a sufficient army to defeat the invading pathogen. Carefully
regulated changes in metabolism let T cells do this, but the
specific nature of these changes is not fully understood.
Using forward genetics in mice to screen for genes that
regulate T cell immunity, Okoye and co-workers identified
a mutation in the gene that encodes a protein they named
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lymphocyte expansion molecule (LEM). LEM enhanced T
cell immunity, including both proliferation and memory
cell generation, in response to chronic viral infection. LEM
facilitated these changes through effects on mitochondrial
respiration.
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