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onsmall-Cell Lung Cancer With Radiologic
vidence of Proximal Vascular Invasion
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Background. The purpose of this study was to evaluate
easibility and effectiveness of flexible videopericardios-
opy (FVP) in assessing resectability of cT4 nonsmall-cell
ung cancer (NSCLC) with radiologic evidence of proxi-

al vascular invasion.
Methods. Between March 2003 and December 2005, 22

atients with NSCLC deemed unresectable owing to
igns of proximal vascular invasion at multislice com-
uted tomography were included in a nonrandomized
rospective study entailing FVP performed before cura-

ive-intent thoracotomy. Primary outocome measures
ere technical feasibility (graded from 1 � poor to 3 �

xcellent) and quality of anatomic visualization (graded
s diagnostic or nondiagnostic). Patients with FVP evi-
ence of proximal vascular invasion did not receive

horacotomy and were included in an induction chemo-
adiotherapy protocol.

Results. Mean operative time was 31 � 6 minutes.
echnical feasibility ranged from good to excellent in 21

atients. In 1 patient, FVP was not completed owing to
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ntrapericardial adhesions. In 7 patients, FVP disclosed
o tumor spread to intrapericardial pulmonary vessels,
nd radical resection was carried out. The FVP findings
ere considered not diagnostic because of poor visual-

zation of the right pulmonary artery in 2 patients with
ulky hilar tumors. There was no operative mortality and
orbidity. Mean hospital stay was 2.9 � 1 days for

atients who did not undergo thoracotomy and 6.3 � 1
ays for patients receiving FVP plus resection. Definitive
athologic staging in patients undergoing resection was
T3N1 (n � 2), pT3N0 (n � 2), pT2N0 (n � 3), and pT2N1

n � 1).
Conclusions. Flexible videopericardioscopy proved

afely feasible and allowed a better assessment of cen-
rally located NSCLC, with radiologic evidence of prox-
mal vascular involvement eventually resulting in in-
reased resectability rate.

(Ann Thorac Surg 2007;83:402–8)

© 2007 by The Society of Thoracic Surgeons
atients with nonsmall-cell lung cancer (NSCLC) show-
ing radiologic evidence of proximal vascular invasion

re classified within the stage IIIB [1] and conventionally
onsidered unresectable. However, a 5-year survival rate
f 18.2% to as high as 35.7% has been reported in this
ubgroup after surgical resection [2–6]. Unfortunately,
maging-based prediction of NSCLC resectability is not
lways accurate, particularly as far as neoplastic involve-
ent of mediastinal structures and proximal pulmonary

essels is concerned [7–11]. Inaccurate preoperative stag-
ng increases the number of useless thoracotomies and
ncomplete resections and can even lead to denying
urgical treatment to potentially resectable patients. Al-
hough video-assisted thoracoscopic surgery is now com-

only employed as a NSCLC staging tool, its reliability
n assessing proximal vascular involvement in cT4 lesions
emains questionable [12]. Therefore, exploration of the
ericardial cavity by rigid thoracoscope has been pro-
osed by Loscertales and associates [13] as a more
ccurate staging tool in this setting.

ccepted for publication Sept 1, 2006.

ddress correspondence to Dr Pompeo, Cattedra di Chirurgia Toracica,
We have undertaken a prospective nonrandomized
tudy aimed at evaluating the usefulness of pericardios-
opy performed by a flexible videobronchoscope during
xploratory video-assisted thoracoscopic surgery,
amely, flexible videopericardioscopy (FVP), for patients
ith centrally located NSCLC who were considered
nresectable owing to radiologic evidence of proximal
ascular involvement.

aterial and Methods

he study cohort entailed 22 patients, 17 men and 5
omen with a mean age 64 � 7 years, with centrally

ocated NSCLC referred to our institution between
arch 2003 and December 2005. The study was ap-

roved by the Ethics Commettee of the Tor Vergata
niversity, and written informed consent to the study

nd the surgical procedure was obtained from each
atient.
Eligibility criteria included a diagnosis of NSCLC; good

erformance status (Karnofsky score �90); no medical,
unctional, or bronchoscopic contraindication to pneu-

onectomy; and clinical stage IIIB with multislice com-
uted tomography (CT) evidence of proximal vascular
nvasion according to previously validated criteria [7, 8],

0003-4975/07/$32.00
doi:10.1016/j.athoracsur.2006.09.031
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ncluding (1) contact between a pulmonary vessel and
he tumoral mass for more than 3 cm or more than
0 degrees, or both, without a recognizable fat plane,
2) distortion or indentation of the involved vessels, or
3) obliteration of pulmonary vessel lumen.

Exclusion criteria included malignant pleural effusion,
maging-based suspicion of vertebral or esophageal in-
olvement, histologically proven N2-3 disease, M1 dis-
ase, previous induction therapy, previous FVP, and
ardiac surgery or thoracic surgery on the side targeted
or FVP.

In 15 patients, histologic diagnosis was obtained pre-
peratively through fiberoptic bronchoscopy (n � 9) or
T-guided core-needle biopsy (n � 6). In the remaining
ats.ctsnetjournalsDownloaded from 
atients, biopsy specimens were obtained during video-
ssisted thoracoscopic surgery.

tudy Design
he study was set as a prospective nonrandomized
linical investigation. The primary outcome measure was
uality of anatomic visualization, which was scored as
iagnostic or nondiagnostic on the basis of the possibility

o provide accurate real-time assessment of the tumor
ocal extension. In particular, anatomic visualization was
efined by intraoperative assessment of three subjective

ndexes by two surgeons (T.C.M., E.P.): (1) pulmonary
essel recognition; (2) tumor-tissue discernment; and (3)
stimation of tumor-free proximal vessels portion.

Fig 1. (A) After blunt dissection, (B) the
fibrous pericardium is grasped and opened
for about 2 cm; (C) 3-0 silk sutures widen
the pericardial opening. (D) The fiberoptic
videobronchoscope is inserted into the
pericardial cavity for exploration.

Fig 2. (A, B) Axial computed tomography
scan images showing proximal tumor involve-
ment of the left pulmonary artery in patient 8.
(C) Flexible videopericardioscopy (FVP) in the
same patient showed absent tumor spread to
the intrapericardial tract of pulmonary artery,
which is confirmed at thoracotomy when
pneumonectomy will be performed. (LA � left
atrium; LPA � left pulmonary artery; SPV �
superior pulmonary vein; T � tumor.)
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henever all three indexes were judged satisfactorily
ssessed by both surgeons, the result was scored as
iagnostic, whereas if at least one of the three indexes
as considered inadequately assessed or consensus was
ot reached, the result was scored as nondiagnostic.
The sample size of 22 patients was calculated assuming

chieving an adequate anatomic visualization in at least
0% of patients with a lower confidence interval of more
han 60% and expecting to improve resectability rate and
educe exploratory thoracotomies. An interim analysis
as performed after treatment of the first 10 patients to

ule out achievement of resectability through FVP in at
east 3 patients.

Complete preoperative clinical staging was performed,
ncluding total body positron emission tomography scan
sing fluorodeoxyglucose (FDG-PET) integrated with
ultislice CT and fiberoptic bronchoscopy.
Patients in whom FVP indicated a resectable disease

mmediately proceeded to thoracotomy during the same
urgical session. Patients with findings suggestive of
nresectable disease at FVP did not proceed to thoracot-
my and underwent neoadjuvant chemoradiotherapy.
inally, patients in whom FVP was not feasible or non-
iagnostic were asked to choose between exploratory

horacotomy or neoadjuvant chemoradiotherapy.
For the study’s purpose, we defined as unresectable a

umor mass extending to the intrapericardial tract of
ulmonary vessels with a tumor-free portion of less than
cm for pulmonary veins and of less than 2 cm for

ulmonary artery.

adiologic Assessment
omputed tomography assessment was performed using
multidetector row helical scanner (LightSpeed 16; Gen-

ral Electric, Milwaukee, Wisconsin), with a single-
reath–holding technique. Iodinated contrast medium
as administred at a rate of 3.0 mL/s to a total dose of

20 mL (Optiray 300; Tyco Healthcare, Mansfield, MA).
ollimation of 1.0 mm was used, with a pitch of 6.0 mm.
ata acquisition started 40 s after beginning the injection.
otal scanning time was 32 s, according to the protocol by
adhani and coworkers [14]. Images were finally pro-
essed in a dedicated workstation system for three-
imensional and multiplanar reconstructions. The tho-
acic surgeon and the radiologist both evaluated the
uality of each CT slice; consensus was required for

nclusion in the study.

urgical Technique
lexible videopericardioscopy was performed under gen-
ral anesthesia with double-lumen tube intubation and
ingle-lung ventilation. The patient was positioned lean-
ng 45 degrees. A first trocar was inserted in the sixth
ntercostal space, on the midaxillary line. After verified
bsence of pleural adhesions, two additional trocars were
laced in the fifth and fourth intecostal spaces on the
nterior axillary line. Exploration of the entire pleural
avity, lung, and mediastinum was accomplished firstly.
ext, a pinhole incision was performed with hook and
lectrocautery on the fibrous pericardium about 1 cm v

ats.ctsnetjournalsDownloaded from 
nterior to the phrenic nerve. The incision was then
nlarged with endoscopic shears to allow insertion of the
ideobronchoscope (Fig 1), and 3-0 silk sutures were
assed endoscopically on both margins of the pericar-
iotomy, to apply traction and widen the intrapericardial
pace during FVP. Accurate exploration of all vascular
lements within the pericardium was then accomplished,
ith particular attention to the vessels suspected of

umor involvement on the basis of multislice CT findings.
On the right side, FVP enabled exploration of both the

uperior and inferior pulmonary veins, while the pulmo-
ary artery was visualized between the superior vena
ava and superior pulmonary vein, above Allison’s sinus.
n the left side, both pulmonary veins were explorable
hile the main pulmonary artery was widely explored up

o its origin from the common trunk (Fig 2). To minimize
he risk of vascular injury, we did not obtain biopsies to
onfirm neoplastic involvement. After completion of the
rocedure, the pericardial opening was not sutured.
ext, patients with resectable disease were placed in full

ateral decubitus position and underwent thoracotomy in
he same surgical session whereas patients showing
roximal vascular invasion suggesting unresectable dis-
ase were enrolled in a neoadjuvant chemotherapy
rotocol.

ig 3. Outcome of the study cohort. (FVP � flexible

ideopericardioscopy.)
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tatistics
roup descriptive statistics are presented as mean � SD.
wing to the limited sample size, unpaired data were

ompared by the Mann-Whitney test and frequencies by
he two-tailed Fisher exact test.

esults

ight right-sided and 14 left-sided procedures were per-
ormed. Mean operative time was 31 � 6 minutes. No
ifference in operative time was found between right and

able 1. Main Findings of the Entire Series

Case
Age

(Years) Side Histology
Involved
Vessels

CT
Findi

1 55 Right Squamous PA 1

2 66 Left Adeno PA 1–3

3 76 Right Large cell LA 1, 2

4 56 Left Large cell IPV 1, 2
5 67 Right Squamous PA 1, 2

6 69 Left Adeno SPV 2

7 72 Left Squamous IPV 2

8 53 Left Large cell PA 1, 2
9 66 Right Adeno SPV � SVC 1–3

0 59 Left Squamous LA 1–3

1 55 Left Adeno PA 1–3
2 67 Left Adeno LA 1–3

3 69 Left Squamous IPV 1, 2

4 67 Right Large cell SPV 1–3
5 55 Right Adeno PA 2

6 69 Left Adeno IPV 1, 2

7 72 Left Squamous PA � Ao 1, 2

8 69 Right Adeno SPV 1, 2
9 70 Right Adeno PA 2

0 58 Left Adeno LA 1

1 67 Left Squamous IPV 1

2 56 Left Large cell LA 1–3

omputed tomography (CT) finding: 1 � contact between a pulmonary ve
recognizable fat plane, as both; 2 � distortion or indentation of the

o � aorta; CRT � chemoradiotherapy; FVP � flexible videoperic
ulmonary artery; SPV � superior pulmonary vein; SVC � super
eft FVP (30 � 5 minutes versus 32 � 7 minutes, respec-

ats.ctsnetjournalsDownloaded from 
ively, p � 0.29). No patient had severe pleural adhesions
ontraindicating video-assisted thoracoscopic surgery.

ean hospital stay was 2.9 � 1 days for patients not
ndergoing thoracotomy and 6.3 � 1 days for patients
eceiving FVP plus immediate resection. No procedure-
elated mortality or morbidity were observed.

The outcome and most meaningful data of the study
ohort are illustrated in Figure 3 and Table 1, respec-
ively. Technical feasibility was satisfactory in 21 patients
95.4%) and poor in 1 patient (4.6%) owing to pericardial
dhesions preventing exploration.

Tumor Spread
at FVP Treatment Outcome

Present Induction CRT �
upper lobectomy

Dead 22 months

Absent Upper lobectomy �
arterial patch

Alive 40 months

Absent Pneumonectomy � LA
resection

Dead 2 months

Present Induction CRT Dead 1 month
Undetermined Exploratory

thoracotomy � CRT
Dead 15 months

Present Induction CRT �
definitive CRT

Dead 25 months

Present Induction CRT �
lower lobectomy

Alive 35 months

Absent Pneumonectomy Alive 31 months
Present Induction CRT �

pneumonectomy
Alive 29 months

Present Induction CRT �
definitive CRT

Dead 18 months

Absent Pneumonectomy Dead 23 months
Not feasible Pneumonectomy � LA

resection
Alive 25 months

Present Induction CRT �
pneumonectomy

Alive 21 months

Present Induction CRT Dead 3 months
Absent Upper lobectomy �

arterial patch
Alive 16 months

Present Induction CRT �
definitive CRT

Alive 17 months

Present Induction CRT �
exploratory
thoracotomy � CRT

Alive 16 months

Absent Pneumonectomy Alive 14 months
Undetermined Induction CRT �

definitive CRT
Dead 6 months

Absent Upper lobectomy �
arterial patch

Alive 13 months

Present Induction CRT �
definitive CRT

Alive 10 months

Present Induction CRT �
definitive CRT

Alive 8 months

nd the tumoral mass for more than 3 cm or more than 90 degrees without
ved vessels; 3 � obliteration of pulmonary vessel lumen.

copy; IPV � inferior pulmonary vein; LA � left atrium; PA �
na cava.
ng

ssel a
invol
Among 21 patients in whom FVP was feasible, ana-
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omic visualization was scored as diagnostic in 19 pa-
ients (90.5%) and as nondiagnostic in 2 (9.5%). In 7
atients (33.3%), FVP downstaged local tumor extent,
uggesting absent or minimal proximal vascular tumor
pread. These findings were confirmed at thoracotomy,
hen radical resection was always accomplished. In

hese same patients, the existence of tumor-free vascular
argins was furthermore confirmed by pathology exam-

nation. Definitive pathologic staging in these patients
as pT3N1 in 2 patients, pT3N0 in 2 patients, pT2N0 in 3
atients, and pT2N1 in 1 patient. The FVP suggested the
resence of an unresectable mass in 12 patients (57.1%)
ue to intrapericardial vascular involvement (Table 1). In
of these patients (14.3%), further unexpected findings
ere noticed such as pleural metastases, invasion of the

orta, and invasion of the superior vena cava in 1 patient
ach. No patient in this subgroup underwent thoracot-
my. The resectability rate at FVP was higher for patients
ith nonsquamous tumors (8 of 15 patients, or 53.3%,

ersus 0 of 7 patients, p � 0.022), whereas there was no
ifference in resectability rate according to tumor side. A
ondiagnostic finding was due to incomplete visualiza-

ion of the the right pulmonary artery in 2 patients with
ulky hilar tumors that prevented adequate visualization
f the intrapericardial tract of the pulmonary artery. One
f these patients underwent exploratory thoracotomy 7
ays after initial FVP, and it demonstrated an unresect-
ble lesion with extensive infiltration of the pulmonary
rtery and trachea; the other patient preferred to enter
he neoadjuvant therapy arm.

Finally, in the subgroup undergoing resection after
nduction therapy, definitive staging was pT2N0 in 3
atients and pT3N0 in 1 patient.

omment

n this study, FVP was easily performed in the majority of
atients and allowed an increased resectability rate even

hough advanced radiologic clinical staging had sug-
ested an unresectable disease due to proximal vascular

nvasion. The FVP did in fact allow predicting resectabil-
ty in 7 patients, or 32% of the entire cohort. Such an
ncreased resectability rate was subsequently confirmed
t both thoracotomy and histology examination. On the
ther hand, FVP showed some limitations, providing
ondiagnostic anatomic visualization in two instances.
Thus far, the question of evaluating proximal vascular

nvolvement of NSCLC by minimally invasive staging
rocedures has been scarcely investigated. In 1999, Van
chil and coworkers [15] performed intrapericardial as-
essment of left-sided tumors through anterior medias-
inotomy. In 2002, Loscertales and coworkers [13] re-
orted an interesting series of 27 patients with centrally

ocated tumors in whom pericardioscopy with explora-
ion of proximal pulmonary vessels was accomplished
sing rigid instrumentation. Although we acknowledge

he validity of the surgical technique proposed by Los-
ertales and coworkers [13], we believe that the use of a
beroptic videobronchoscope could offer some advan-
ages in terms of safety and effectiveness because of its c

ats.ctsnetjournalsDownloaded from 
mall diameter and flexibility. In fact, exploration of the
ericardial cavity by this instrument was easily accom-
lished in the majority of the patients with a low risk of
ascular injury. Despite the limitation provided bilater-
lly by pericardial sinuses and by the Botallo’s ligament
n the left pulmonary artery, we have found that the
ideobronchoscope can easily slide around the vessel’s
all, thus allowing visualization of areas such as the
osterior aspects of the pulmonary vessels, which are
ifficult if not impossible to be visualized by a rigid
cope. Video-assisted, magnified vision allowed an accu-
ate assessment of tumor-free portions of pulmonary
essels, which were useful for eventual stapling.
So far, the main limitation of FVP relates, in our

pinion, to the presence of bulky hilar masses, which can
eopardize transformation of the virtual pericardial cavity
nto a real explorable space. Indeed, this transformation
s achieved by tailoring the extent of the pericardial
pening and applying vertical traction on the pericardial
alls, maneuvers that can be blocked because of the

ncreased rigidity of the neoplastic mass. In these in-
tances, visualization of the intrapericardial tract of right
ulmonary artery, which is partially covered by the
uperior vena cava, can be hampered, as happened in 2
atients of our series. Further technical improvements
uch as the recently reported endosonography used
uring videopericardioscopy [16] will probably help
vercome this limitation in the near future.
One of the expected goals of FVP was to reduce

xploratory thoracotomies. In our study, FVP indicated
he presence of an unresectable disease in 12 of 19
atients in whom the procedure was considered diagnos-

ic. We believe this to represent a satisfactory outcome
n terms of ethical and cost-versus-benefit concerns.
urthermore, although 2 patients still received exloratory
horacotomy owing to the failure of FVP to correctly
ssess proximal vascular involvement, it must be taken
nto account that all patients had been previously con-
idered unresectable at multislice CT.

The role of exploratory thoracotomy in locally ad-
anced NSCLC is still a matter of debate, as it is believed
y some surgeons that definitive surgical decision can be
riented only by direct palpation and accurate dissection
17–19]. However, Roeslin and coworkers [19] have found

mortality rate of 4% after exploratory thoracotomy,
hich also correlated with a poorer survival in compar-

son with the outcome of identical-stage nonsurgical
atients.
In our study, only patients in whom adequate tumor-

ree vascular margins were clearly identified at FVP
nderwent thoracotomy, to minimize the risk of incom-
lete resection, which is associated with significantly
orse 5-year survival [2, 3]. Furthermore, Pitz and co-
orkers [4] reported that among 89 T4 patients, 13 of the

9 surgical deaths were of patients with proximal vessel
nvolvement, which raises questions as to the risk-to-
enefit ratio of surgical therapy for this delicate patient
ubgroup.

An aggressive treatment strategy for stage IIIB NSCLC

an entail direct inclusion of the patient in an induction
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herapy protocol [20]. However, we believe that the use
f invasive staging methods in these patients has a
ationale and can be justified. In fact, induction ther-
py can increase subsequent surgical morbidity and
an be associated with significant toxicity [21, 22].

oreover, marginal surgical candidates not respond-
ng to this kind of therapy may become rapidly and
efinitively unresectable.
In this series, all enrolled patients underwent ad-

anced radiologic staging by total body FDG-PET and
ultislice CT with multiplanar reconstruction. Multislice
T was expected to yield improved details of hostile
natomic areas (namely, the aortopulmonary window or
he subcarinal region) by avoiding overlapping of neigh-
oring structures and providing better estimation of the
ontact between tumor mass and mediastinal structures,
egardless of their axis [14, 23–25]. Nonetheless, multi-
lice CT scan showed a 60.0% positive predictive value in
ssessing tumor spread to proximal vessels. This result is
imilar to that reported in previous studies employing
onventional CT [7–11], while it is somewhat worst than
hat reported in one study by thin-section electron-beam
T [26] in which accuracy, sensitivity, and specificity in
valuating invasion of the pulmonary artery were 75%,
7.8%, and 71.4%, respectively. It is worth noting that, in
his study, if one considers left-sided FVP only, negative
redictive value was 100%, which suggests a high accu-
acy in detecting resectable lesions in these patients.

As far as the usefulness of magnetic resonance imaging
n this setting [27, 28] is concerned, several studies have
ailed to demonstrate a superiority of magnetic reso-
ance imaging versus CT in terms of diagnostic accuracy
nd interobserver variability [29, 30]. Other newly avail-
ble endobronchial ultrasonographic procedures are be-
ng actively investigated as additional staging tools, al-
hough so far they have been mainly employed for
ssessment of nodal status.

imitations
e acknowledge as an important limitation of the

tudy the impossibility of assessing sensitivity and
ositive predictive value due to the lack of routine
entral biopsy and thoracotomy confirmation of FVP
ndings, which prevented us from calculating the false
ositive rate. Furthermore, the small sample size did not
llow statistical analysis to test relationships existing be-
ween FVP results and patient- or tumor-related factors.
inally, FVP proved not feasible or gave uncertain anatomic
isualization in a few instances, reducing its overall accu-
acy as a staging tool.

In conclusion, in this study, FVP proved safe and
easible for the majority of the patients. It allowed a
etter assessment of centrally located NSCLC with radio-

ogic evidence of proximal vascular involvement, even-
ually resulting in increased resectability rate. Further
nvestigation is warranted to confirm our findings and
educe the procedure-related limitations observed in our

mall cohort.

ats.ctsnetjournalsDownloaded from 
his study was carried out within the Research Fellowship
rogram “Tecnologie e Terapie Avanzate in Chirurgia,” ap-
ointed by Tor Vergata University of Rome, Italy.
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