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Introduction

Resection of aorta for lung cancer invasion is an extreme 
situation, and the number of operations performed 
worldwide for T4 disease is limited. Recently, the 
Surveillance, Epidemiology, and End Results (SEER) 
database demonstrated that the resection rate of T4 tumors 
was 9%, with an overall 30-day mortality of 10% (1). The 
database also showed that the 5-year survival rate after the 
resection of T4 tumors has improved from 15% to 35% in 
the past 20 years (1). Developments in North America were 
parallel with those of obtained in Japan. A study conducted 
in Japan comprising 215 patients with T4 lung cancer who 
were operated on in 2004 reported that the 5-year overall 
survival rate was 35% and that it may increase to 50% 
in younger patients without lymph node metastasis (2). 
A similar outcome was observed in Europe, especially in 
patients with R0 resection and without mediastinal lymph 
node metastasis (3,4). All these outcomes were the results of 
surgically proficient thoracic surgery departments, and the 

surgeries should be recognized as exceptional conditions.
Primary lung tumors with a potential for invasion 

to the aorta may be found in a heterogeneous patient 
population. The candidates may comprise T2, T3, and 
T4 tumors. Only visceral pleural involvement may mimic 
aortic invasion under T2 circumstances. In T3 tumors, the 
parietal pleura over the mediastinal aorta may be involved, 
whereas in T4 tumors, the aorta may be invaded directly. 
Recurrent laryngeal nerve invasion is a characteristic 
finding of invasion at the level of the aortic arch. This type 
of radiological presentation indicates that the cancer may be 
anywhere between stages IB and IIIB.

Prognosis  may be favorable  with high-qual i ty 
surgical management, complete en bloc resection with 
microscopically clear margins with no nodal disease, 
and inclusion of multimodality treatment. Therefore, it 
is the surgeon’s priority to accurately select the suitable 
candidates, perform a proper preoperative mediastinal nodal 
staging, and avoid an unnecessary risky operation.
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Radiological investigations

Computed tomography (CT) and magnetic resonance 
imaging (MRI)

Contrast enhanced CT of the chest may demonstrate the 
risk for aortic invasion. It can also help determine the type 
of an additional lung surgery that might be required, such 
as a bronchial or a pulmonary arterial sleeve (5). 

CT combined with angiography and venography may 
precisely delineate the vessels, especially when there is a 
suspicion of pulmonary artery (PA) invasion in addition to 
the aorta (Figure 1) (6).

Many times, the assessment of tumor invasion to 
adjacent structures are limited. While concentrating on an 
aortic invasion, a surgeon can easily miss the invasion to the 
esophageal wall, ipsilateral PA (Figure 1), the primary PA 
(Figures 1,2), vertebra (Figure 3), and the primary bronchus. 
The invasion of PA and the bronchus may require treatment 
options such as either a bronchial or a pulmonary arterial 
sleeve or a PA resection and patch plasty in addition to an 
aortic resection.

Nevertheless, there are at least three criteria for 
diagnosing a vascular invasion using CT. These include 
the disappearance of the fat plane between the tumor and 
the vessel, the angle of tumor invasion that is >90°, and the 
distortion and stenosis of the vessel lumen (7). According 
to the literature, the sensitivity, specificity, and accuracy 
of CT in confirming invasion into the mediastinum are 
40–84%, 57–94%, and 56–89%, respectively (8). Gdeedo 
suggested that mediastinal structure involvement (T4) could 

not be reliably detected by a CT scan in about 50% of the  
patients (9). Spaggiari recommended considering the 
invasion of the diameter of the aorta on the CT scan. If 
the invasion involves >50% of the diameter, which implies 
>180°, then it could be considered to be infiltrated by the 
tumor; if the invasion is <50%, then the tumor is considered 
to be attached but may not be considered as involving the 
aorta (10).

Cine MRI is  known to be a  better  method for 
determining aortic wall invasion. It provides the best 
result using a gap between cardiac motion and respiratory 
movements. When a CT scan or a conventional MRI 
displays equivocal results and is unable to identify the aortic 
invasion by cancer, respiratory dynamic (RD) MRI can be 
used to obtain additional information, especially for tumors 
close to the descending thoracic aorta (11).

Factors affecting the outcome

T4 disease may exhibit different outcomes and high 
heterogeneity despite the use of trimodality therapy; for 
example, the 5-year overall survival rate in patients with 
Pancoast tumor was 86%, whereas it decreased to 60% in 
patients with centrally located tumors without a pathological 
N2-positive disease (12). Another factor affecting the 
outcome may be the use of cardiopulmonary bypass (CPB), 
which has been claimed to have immunosuppressive 
effects and poor prognosis. It has been reported that CPB 
is used selectively during the complete resection of T4  
tumors (13-16). The use of CPB was primarily related to 

Figure 1 (A,B) Chest tomography of a patient with aortic wall and ipsilateral pulmonary arterial involvement. (A) Tumor invading aorta; (B) 
the tumor invading pulmonary artery. The patient underwent an induction treatment. Mediastinoscopy revealed no N2 disease. (C) Patch 
plasty on aorta and pulmonary artery (PA) are shown.
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aortic (43%) and left atrium or pulmonary vein resections 
(24%) (14).

Small case series demonstrating the feasibility of CPB 
use have reported favorable short- and long-term outcomes 
for NSCLC (13,15). However, a national registry did not 

provide similar outcomes and observed unacceptable high 
mortality (>25%) and morbidity (>70%) rates (16). The 
majority of studies have emphasized that an unplanned 
use of CPB due to a major vessel injury was almost always 
associated with poor results and outcomes, which are not 

Figure 2 Large tumor with (A) chest wall, (B) subadventitial aorta, (C) pulmonary artery (PA) invasion. She underwent induction 
chemotherapy. Mediastinoscopy showed no N2 involvement. (D) Pericardial patch plasty to main PA under CPB. (E) Aortic involvement 
was resected subadventitially.

Figure 3 (A) Image of chest computer tomography of patient with aortic and vertebral involvement; (B) surgical treatment after invasion of 
vertebral canal with Spinal surgery; (C) after tube graft interposition for aorta invasion.
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comparable to those obtained with planned use of CBP 
(13,16). The planned use of CPB for highly selective 
patients in centers with high experience may result in 
similar oncologic outcomes that may be similar to those 
obtained without CPB use (17). 

The primary aims of this review were to analyze (I) the 
evidence supporting the resection of aorta in patients with 
NSCLC, (II) the use of neoadjuvant therapy for NSCLC 
tumors that invade the aorta, and (III) the outcomes 
following surgical resection in these patients.

Aortic involvement

NSCLC tumors invading the aorta have been successfully 
resected due to the increasing developments in the use of 
preoperative endovascular stent placement (18,19).

In a series of 13 patients before the adoption of 
endovascular stents, Misthos et al. demonstrated that 
the tumor invaded the aortic adventitia only in 69% of  
cases (20). More importantly, only 8% of these patients had 
pathologic N0 disease, and the incidence of an unexpected 
N2 disease was as high as 31%. This situation suggests 
that chemotherapy is still a major component of treatment 
for patients exhibiting aortic invasion. There are studies 
providing suggestions that confer a survival benefit in aortic 
resections in patients with NSCLC compared to that with 
subadventitial dissection, although such studies have been 
retrospective and included limited experience (21).

No study has yet analyzed the effects of preoperative 
chemotherapy or radiotherapy on outcomes and technical 
difficulties. Experience in this context is expected to 
increase in the future because aortic endografts would 
be available before neoadjuvant therapy to facilitate an 
aggressive surgical approach, including en bloc resection of 
the aorta if indicated. Induction chemotherapy, concurrent 
chemoradiation, or sequential chemoradiation therapy has 
been used prior to surgery to improve the chances of R0 
resection and possibly for long-term survival (4,22).

Aortic wall resection requires an R0 resection. This is 
the all-or-none rule. If there will be an aortic wall resection, 
surgery should be complete and R0. These patients 
should also be carefully assessed preoperatively to rule 
out mediastinal lymph node involvement (N2 disease) and 
distant metastasis. 

Technical considerations

Tumors invading the aorta by simply abutting the aortic 

adventitia could be treated by local resection of the 
adventitia (Figure 2). However, the problem is when do 
the tumors invade through all the layers of the aortic wall 
and extend into the media. The location of the aortic 
involvement is important to determine the steps of the 
surgery. The highest level of concern occurs when the 
aortic arch is involved.

Such tumors require specific level of knowledge about 
aortic surgery and expertise. The involvement of the 
supra-aortic vessels, such as the subclavian artery, the 
vertebral artery, and the carotid artery, may require specific 
preoperative workup and planning during surgery.

For example, evaluation of the circle of Willis by MRI 
may be required to assure a resection of one of the vertebral 
arteries with the subclavian vessels. In case a hypoplasia of 
the contralateral vertebral artery exists or in the absence of 
adequate posterior communicating arteries, reconstruction 
of the vertebral artery may be required to prevent a  
stroke (23,24).

Resection of lung cancer invading the aortic arch may 
require exceptional surgical techniques under CPB use, such 
as deep hypothermia, antegrade and retrograde cerebral 
perfusion, to achieve a complete resection by protecting 
the brain (25-27). Recently, several authors have used 
thoracic endografts to provide a safe aortic wall resection 
in patients with lung cancer. The major advantage of this 
method is that it avoids the use of CPB and achieves a safe 
and complete resection of these tumors (18). However, 
patients may require customized endovascular grafts, and an 
intraoperative decision-making may be cumbersome under 
these circumstances.

Basic surgical techniques

A large, left posterolateral thoracotomy provides the 
optimum exposure. Invasion to the vertebra, esophagus, and 
the primary PA should be carefully evaluated. Involvement 
of the descending aorta below the subclavian artery could 
be operated through resection and reconstruction of the 
descending aorta. The resection can be done either as an 
island or as a segmental resection of the aorta. In both 
resections, a clamp-sewn technique can be used, and there 
is a time restriction to take off the clamps and let the 
perfusion. Otherwise, the operation may end up in spinal 
cord ischemia. 

The repair could be done with patch plasty (Figure 1) (28).  
Tube graft interposition may be preferred when the invasion 
involves a longer part of the aorta (Figures 3-5). The author 
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of this chapter finds the patch plasty technique to be simple 
and preferable.

However, this clamp-sewn approach is associated with 
some risks such as systemic hypertension, stroke, and 
pulmonary edema of the contralateral lung, particularly 
when a pneumonectomy is performed. In most of our 
patients, except 2 of 11, we performed a pneumonectomy 
operation.

There are several other options to prevent such risks. 
These options primarily include cardiac support techniques 
such as (I) venoarterial (VA) ECMO performed between the 
right atrium and the descending aorta, (II) left heart bypass 
without oxygenation of the blood performed from the left 
atrium to the descending aorta, and (III) the Gott shunt that 
passively connects the ascending aorta to the descending 
aorta. The aim of all these options is the preservation of 
the spinal cord and the abdominal organs from ischemia or 
hypoperfusion.

In bypass or VA ECMO techniques, a bypass is used to 
maintain about 50% of the cardiac output, and the upper 
part of the body is maintained with the flow coming from 
the heart. The lower part of the body is perfused by the 
bypass or the ECMO support. 

One important aspect of the surgery is the blood in the 
pleural cavity, which might contain tumor cells. Although 
there might be no existing evidence, it is recommended that 
the blood aspirated from the surgical field should not be 
transfused back into the patient to prevent dissemination.

Outcomes and conclusions

A lung cancer with infiltration of the aorta generally has a 
poor outcome, and surgical resection has been known to be 
contraindicated for several years (29). Several studies have 
demonstrated that long-term survival might be possible 
after resection of the aortic adventitia (30-32). However, 
these patients were not those described in the discussion 
section of this article. In this article, we discuss about the 
patients who underwent resection of the involved aortic 
wall and required a graft replacement. Several articles have 
reported about patients who survived for about 3 years. All 
these articles recommend complete resection of the entire 
tumor with the aortic wall (33-36).

Preoperative induction therapy is strongly recommended 
for achieving a complete lung cancer surgery and has been 
used for treating T4 disease.

Figure 4 (A) Chest tomography of a patient with aorta invasion after induction chemotreatment; (B) clamping of aorta; (C) resection of 
Aorta that invaded by tumor; (D) image of resected aorta; (E) image after patch plasty of aorta.
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In all the above mentioned studies, mediastinal lymph 
node status after induction treatment has been the major 
prognostic determinant of survival. Favorable outcomes for 
patients with postoperative pathologic N0 disease could be 
expected, but the outcome is still poor in N2 or N3 disease. 
Accurate diagnosis of mediastinal lymph node involvement 
is a must before planning for a surgical treatment. If there 
is no histologic evidence of mediastinal nodal metastasis 
after a series of investigations, including EBUS, EUS, 
mediastinoscopy, mediastinotomy, and VATS, a radical 
resection of the aorta could be performed by experienced 
centers and teams.

In conclusion, the rates of surgical morbidity and 
mortality are still high in patients who have undergone 
resection and reconstruction of the aorta, especially 
if  an unplanned surgery is required. Preoperative 
induction therapy may be used safely. Appropriate use of 
cardiovascular techniques is the major determinant of high-
quality reconstructions. Encouraging long-term results 
might be found in patients with N0 disease.
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