In 2003, Gharagozloo and colleagues’® reported
their experience with complete VATS in 179 patients
with clinical stage I disease. They admitted that the
most significant reason why their VATS approach
resulted in many cases of right upper and middle
bilobectomies was a technical problem, leading to
unnecessary removal of potentially healthy tissue.
Kirby and associates® reported that in their random-
ized trial 11% of all patients enrolled in the study
were converted from VATS to thoracotomy due to
incomplete fissures, although McKenna and cowork-
ersl? 1'eported 1no conversions to thoracotomy be-
cause of fused fissures. We consider access minitho-
racotomy important because one can look through
the incision under direct vision and divide the fissure
if it were largely fused or had severe adhesions.
Additionally, this hybrid approach may decrease the
incidence of superfluous stapling, thereby leading to
full expansion of the preserved lobe. In particular,
when the tumor is located closer to a fissure or in
cases of patients with lung emphysema, the three-
dimensional view of the anatomy given by this hybrid
integrated approach can be very useful.

The key to effective and successful maneuvering
within the thoracic cavity is an optimal port place-
ment as well as a 30° video thoracoscope. In addi-
tion, we have preferred the use of an upside-down
backhand grip on 30-cm-long scissors for incisive
dissection, and on a long needle holder for broncho-
plasty and angioplasty (R. Belsey, MD; Frenchay
Hospital; Bristol, UK; and F.G. Pearson, MD; To-
ronto General Hospital; Toronto, ON, Canada; per-
sonal communication, 1974) to facilitate deep ma-
neuvering in many instances in which the location of
the lesion and the surgical circumstance make pro-
cedures by standard instruments difficult or impos-
sible to perform. Dr. Pearson emphasized the im-
portance of the sharp angle between the scissors and
the surgeon’s wrist for greater control. The handling
of the scissors had been developed before VATS was
introduced, and we consider it suitable for maneu-
vering through an access opening in the era of VATS.
In our series, survival of the patient after undergoing
hybrid VATS was comparable to or better than that
after undergoing open thoracotomy. The result sug-
gests that lung cancer surgery can be completed by
hybrid VATS without compromising the patients’
prognosis.

Current advances in radiology, especially with the
introduction of helical high-resolution CT scanning
for the diagnosis of lung cancer have resulted in an
increased detection of small lung tumors.’819 The
treatment for small-sized, deep-seated lesions that
have not been pathologically diagnosed as malignan-
cies preoperatively, which are encountered more
frequently, can make the procedure a trial of the
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surgeon’s skill. Without confirming the malignancy,
thoughtlessly adopting lobectomy to ensure com-
plete removal of a potential underlying malignancy
must be avoided regardless of the surgical access that
can be chosen. It is very unusual for lobectomy to be
required for a benign tumor. When a benign nodule
is completely excised, what is the rationale for
resecting the remaining lobe? This is a difficult issue
even when performing open thoracotomy. In this
regard, Kirby20 indicated that one of the major
drawbacks of complete VATS lobectomy for an
undiagnosed disease was that the surgeon would lose
his/her ability to accurately assess intrathoracic pa-
thology and to decide on the most appropriate
resection. We should realize again that the primary
target of minimally invasive surgery is the preserva-
tion of the pulmonary parenchyma, and that the
second target is to reduce trauma by selection of the
surgical approach. In our experience, segmentec-
tomy has allowed the optimal resection of suspicious
lesions with a deep location with safe surgical mar-
gins using hybrid VATS, although the application of
a complete VATS lobectomy must not be an option
in any case. The three-dimensional view provided by
hybrid VATS enables us to observe the appropriate
margins, otherwise diseased lung tissue could be left
or a larger volume of healthy tissue could be re-
moved. Indeed, we wonder whether there are any
patients among those who have undergone complete
VATS who would have undergone an exclusively
different procedure had open thoracotomy been
performed. For instance, the adequacy of an intra-
operative assessment of the diseased bronchus has to
be questioned in cases in which the only visualization
of the operative field is through a television monitor,
and thus we fear that VATS pneumonectomy would
normally be performed when bronchoplasty instead
would help to protect any part of the lung paren-
chyma that has no disease.

It is desirable that the trauma caused by the
surgical approach is minimal regardless of the visu-
alization of the operative field. Whether a direct view
or visualization through a television monitor is used
is, in essence, only a peripheral issue. Thoracic
surgeons will have to balance the benefits of com-
plete VATS with its disadvantages; for example, an
ill-advised lobectomy for an undiagnosed disease.
After long consideration, our attempts to reach an
integrated harmony for performing such surgery
have led us to the introduction of hybrid VATS. The
most important aspect of cancer surgery must be its
radicality, that is, to cure the disease. One should
keep in mind that the surgical access should be
changed very flexibly whenever curative resection is
hard to perform for any reason, including the oper-
ative skills of the surgeon. For instance, in hybrid
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VATS, extending the incision from 5 to 8 cm and
enlarging the access thoracotomy provides a quite
different view of the surgical field and facilitates our
maneuvers.

What is the advantage of performing VATS for the
treatment of a lung malignancy only with visualiza-
tion through a television monitor? Would some
advantages thereby accrue to the patient or the
surgeon? The hybrid VATS approach is useful re-
garding education for residents in the sense that it
allows a direct view of the surgical field and visual-
ization of the field through a television monitor.
Although we should acknowledge the nature of a
retrospective study, we think that this accentuates
the merits and can conclusively lessen some draw-
backs of complete VATS access.
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Functional Advantage After Radical Segmentectomy

Versus Lobectomy for Lung Cancer

Hiroaki Harada, MD, Morihito Okada, MD, PhD, Toshihiko Sakamoto, MD, PhD,
Hidehito Matsuoka, MD, PhD, and Noriaki Tsubota, MD, PhD

Department of Thoracic Surgery, Hyogo Medical Center for Adults, Akashi, Japan

Background. Although several reports have recently
demonstrated that segmentectomy for small-sized NO
lung cancer leads to recurrence and survival rates equiv-
alent to those associated with lobectomy, controversy
regarding the postoperative functional advantage in the
former over the latter still persists. The purpose of this
study was to evaluate the degree of postoperative func-
tional loss in patients undergoing segmentectomy or
lobectomy for lung cancer.

Methods. We analyzed patients able to tolerate lobec-
tomy, who underwent radical segmentectomy (n = 38) or
lobectomy (n = 45) for non-small-cell lung cancer. Func-
tional testing included forced vital capacity, forced expi-
ratory volume in 1 second, and anaerobic threshold
measured preoperatively and at 2 and 6 months after
surgery.

Results. Preoperative function tests showed no differ-
ences between segmentectomy and lobectomy patients.
A positive and significant correlation was found between

As a result of the development of imaging tools such
as high-resolution computed tomography, small-
sized lung tumors are being detected with increasing
frequency. Although lobectomy is still considered as the
standard surgical procedure for any primary non-small-
cell lung cancer, an increasing number of surgeons have
doubts as to whether lobectomy is a must for such small
lesions. The only randomized trial done so far comparing
lobectomy with limited resection indicated an increased
risk of local recurrence and reduced prognosis for pa-
tients undergoing the latter, and has led to greater
general support for the former as the procedure of choice
[1]. Recently, these results have been inspected, and
there is an increasing body of evidence demonstrating
that segmentectomy for small-sized stage I lung cancers
can yield outcomes equivalent to lobectomy even in
noncompromised patients [2-7]. Also, several studies
demonstrated that the frequency of local recurrence after
sublobar resection was the same as that after lobectomy
when the indication was limited to stage IA tumors up to
2 cm, and segmentectomy not wedge resection was
predominantly used as the lesser resection [4-6].
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the number of resected segments versus loss of forced
vital capacity (r = 0.518, p < 0.0001 at 2 months; = 0.604,
P < 0.0001 at 6 months) and loss of forced expiratory
volume in 1 second (r = 0.492, p < 0.0001 at 2 months; » =
0.512, p < 0.0001 at 6 months). The postoperative reduc-
tion of forced vital capacity (p = 0.0006) and forced
expiratory volume in 1 second (p = 0.0007) was signifi-
cantly less in the segmentectomy group; however, a
marginally significant benefit was observed in this group
for anaerobic threshold (p = 0.0616).

Conclusions. The extent of removed lung parenchyma
directly affected that of postoperative functional loss
even at 6 months after surgery, and segmentectomy
offered significantly better functional preservation com-
pared with lobectomy. These results indicate the impor-
tance of segmentectomy for early staged lung cancer.

(Ann Thorac Surg 2005;80:2041-5)
© 2005 by The Society of Thoracic Surgeons

Theoretically, segmentectomy has an anatomic func-
tional advantage over lobectomy as some segments of
lung tissue that would be removed by the latter could be
preserved. However, the above-mentioned randomized
trial concluded that there were no significant differences
in postoperative pulmonary function between lobectomy
and limited resection patients. We therefore conducted
the present study to assess the extent of postoperative
functional loss including exercise tests useful in measur-
ing quality of life [8] in patients who underwent segmen-
tectomy or lobectomy.

Patients and Methods

The study group consisted of 83 patients: 45 of them
underwent lobectomy and the other 38 underwent seg-
mentectomy. This study was conducted with the ap-
proval of the institutional ethics board and informed
consent was obtained from all patients. No specific pre-
operative and postoperative rehabilitation programs
were established.

The eligibility criteria for segmentectomy in this study
were as follows: patients who had a cTINOMO non-small-
cell lung cancer 2 cm or smaller in all dimensions on
thin-sliced computed tomography and were considered
to be able to tolerate a lobectomy through preoperative

0003-4975/05/$30.00
doi:10.1016/j.athoracsur.2005.06.010
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Table 1. Preoperative Demographic, Function, and Number
of Resected Segments

Variable Segmentectomy Lobectomy p Value
No. 38 45
Male/Female 28/18 28/10 0.5041
Age (y) 62.7 £ 9.2 64.6 + 8.2 0.3369
BW (kg) 592 *+14 55.7 £9.2 0.0846
FVC (L) 3.13 = 0.67 3.16 = 0.74 0.8858
FEV,, (L) 2.30 = 0.58 2.30 £ 0.55 0.9904
FEV, 0% (%) 75.0 + 3.8 743 £ 45 0.9845
AT (mL/min) 894.6 = 288.6  833.0 = 221.2 0.2779
VOs0e/BW (mL/ 235+ 4.3 226 + 4.2 0.2890
min per kg)
Number of resected 1.9+ 0.9 3.9 1.1 < 0.0001
segments

AT = anaerobic threshold;
expiratory volume in 1 second;
= maximum oxygen consumption.

BW = body weight;  FEV,, = forced
FVC = forced vital capacity; VOgmax

general examinations [2-4]. Patients were prospectively
(not randomly) chosen, and when informed consent for
lesser resection was obtained from the patients, we
performed anatomic segmentectomy through video-
assisted approach with minithoracotomy. The essential
points of the surgical technique were to remove the
adjacent segment or subsegment together with the af-
fected segments to keep an adequate surgical margin,

Table 2. Locations for Resection

Segmentectomy Lobectomy
Location n = 38 n =45

Right upper 16
51+2
52
53
S2 + 3a
S2b + 3a
Right middle
Right lower 9
S6 4
1
4

N C R RN

S6 + 8a
S7 + 8
Left upper 15 13
S1+4+2 1
S1+2+3 10
S1+2+4+ 3+ 4a 1
S3b+4 +5 2
S4+5 1
Left lower 8 6
S6 5
59 1
59 + 10 2

a = posterior subsegment; b = anterior subsegment; S1 = apical; S2 = posteri-
or; 53 = anterior; S4 = lateral; S5 = medical; 56 = superior; S7 = medial
basal; 58 = anterior basal; S9 = lateral basal; 510 = posterior basal.

Ann Thorac Surg
2005;80:2041-5
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Fig 1. Logistic regression analyses showing the correlation between
the extent of segments removed by segmentectomy (n = 38, circle) or
lobectomy (n = 45, triangle) and pulmonary function loss. (A) Loss
of forced vital capacity (FVC) at 2 months after surgery. (B) Loss of
forced vital capacity at 6 months after surgery. (C) Loss of forced
expiratory volume in 1 second (FEV, o) at 2 months after surgery.
(D) Loss of forced expiratory volume in 1 second at 6 months after
surgery.

and to explore hilar and segmental lymph nodes as well
as mediastinal lymph nodes to intraoperatively confirm
NO disease. We performed segmentectomy if the patient
consented to the sublobar resection, and lobectomy if the
consent to sublobar resection was not obtained.

All the study patients were subjected to spirometry
and a standard Bruce protocol [9] treadmill (MAT-6000C;
Fukuda Electron, Osaka, Japan) test before surgery, and 2
and 6 months after surgery. The patients” heart rate and
electrocardiographic findings were monitored during the
exercise study. Inspired and expired gases were analyzed
by a computerized online breath-by-breath system
(Aeromonitor AE-300S; Minato Medical Science, Osaka,
Japan). Maximum oxygen consumption was defined as
the highest oxygen consumption achieved during the
exercise test. Subsequently, the anaerobic threshold was
determined by the V-slope method [10]. The exercise test
was continued until development of limiting symptoms
(dyspnea, chest pain, general fatigue, or leg fatigue),
achievement of maximal predicted heart rate defined by
the formula 220 — age [11], or presentation of marked and
progressive abnormalities on the electrocardiogram. In
this study, about half of the studied patients could not
continue the exercise tests until the maximal predicted
heart rate; therefore, we placed great importance on the
anaerobic threshold value, generally considered to be a
more objective determinant than maximum oxygen con-
sumption [12].

The statistical significance of differences among clinical
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Fig 2. Forced vital capacity (FVC; A), forced expiratory volume in 1
second (FEV, o; B), and anaerobic threshold (C) before surgery, and
at 2 and 6 months after surgery in patients undergoing segmentec-
tormy (n = 38) and lobectomy (n = 45). The y axis shows the ratio
of the postoperative value fo the preoperative one (post-op/pre-op).
Values are presented as the mean = standard error of the mean.

preoperative variables was analyzed by Mann-Whitney
U test. Also we examined the correlation of the number of
removed lung segments with postoperative functional
loss on the basis of the correlation coefficient. Compari-
son of functional changes after segmentectomy or lobec-
tomy was made by repeated-measures analysis of
variance.

Results

The clinical preoperative characteristics and average
number of resected segments in the lobectomy and the
segmentectomy groups are shown in Table 1. There were
no significant differences in preoperative functional fac-
tors between the two groups, confirming that the patients
with segmentectomy included in this study could tolerate
a lobectomy. The number of segments actually removed
was halved in the case of segmentectomy (1.9 = 0.9
versus 3.9 = 1.1). The cell type of the tumor was adeno-
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carcinoma in all patients, 70% of which contained bron-
chioloalveolar features. The locations of burdened lung
are demonstrated in Table 2. No major postoperative
complications occurred, and all patients made a quick
recovery.

We performed logistic regression analyses to investi-
gate whether the degree of segments lost by segmentec-
tomy or lobectomy correlated with reduction of pulmo-
nary function (Fig 1). At 2 and 6 months after surgery,
positive and significant correlations were found between
the number of removed segments versus loss of forced
vital capacity (FVC; p < 0.0001) and forced expiratory
volume in 1 second (FEV, y; p < 0.0001). In addition, the
functional data obtained at 6 months (r = 0.604 for FVC;
r = 0.512 for FEV, ;) showed a stronger correlation with
the extent of removed lung parenchyma compared with
those at 2 months (r = 0.518 for FVC; r = 0.492 for FEV, ;).

Segmentectomy(n=32)
............ Lobectomy (n=25)

P<0.0001

FVC
(post-op / pre-op)
¢ ©

Pre-op 2 months 6 months

Segmentectomy(n=32)
............ Lobectomy (n=25)

s

(post-op / pre-op)

P=0.0001

FEV1.0

Pre-op 2 months 6 months

C Segmentectomy(n=32)
B e Lobectomy (n=25)
281
8- P=0.0316
s & . + )
I S
23 t
R
S8.8
< A1

Pre-op 2 months 6 months

Fig 3. Forced vital capacity (FVC; A), forced expiratory volume in 1
second (FEV o; B), and anaerobic threshold (C) before surgery, and
at 2 and 6 months after surgery in patients undergoing segmentec-
tomy (n = 32) and lobectomy (n = 25) for lower lobe or left upper
lobe tumors. The y axis shows the ratio of the postoperative value to
the preoperative one (post-op/pre-op). Values are presented as the
mean * standard error of the mean.
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These data demonstrated that the degree of anatomically
resected lung directly affected long-term loss of pulmo-
nary function and that segmentectomy contributed to the
preservation of lung function.

Next, we essentially compared the functional changes
in the segmentectomy and lobectomy groups (Fig 2).
During the postoperative course, statistically significant
differences were observed between the two groups in the
ratio of postoperative to preoperative FVC (p = 0.0006)
and FEV,, (p = 0.0007), whereas a marginal difference
was seen in the ratio of postoperative to preoperative
anaerobic threshold (p = 0.0616). These results demon-
strated a greater impact of the operative procedure on
spirometric lung function but a lower impact on the
exercise capacity. Subsequently, we addressed patients
with a primary lesion originating from the lower lobes or
the left upper lobe, the volume of which was relatively
large (Fig 3). This was because segmentectomy in the
right upper or middle lobe is generally uncommon,
although we have taken a positive attitude toward seg-
mentectomy in the right upper lobe. Not only FVC (p <
0.0001) and FEV, ; (p = 0.0001) but also anaerobic thresh-
old (p = 0.0361) data showed the postoperative functional
reduction was significantly less in the segmentectomy
group than in the lobectomy group.

Comment

One of the controversies regarding lesser resection is
whether the procedure itself can provide postsurgical
functional benefit or not. There have been two reports
suggesting that limited resection, including segmentec-
tomy, could provide little functional advantage over
lobectomy [1, 13]. In 1995, the Lung Cancer Study Group
showed no significant differences in FVC between pa-
tients undergoing lobectomy and those undergoing lim-
ited resection [1]. Despite the fact that their data demon-
strated a significant advantage of limited resection in
maintaining FEV, ,, their conclusion was somehow that
there was no functional benefit of limited resection
compared with lobectomy. Also, Takizawa and col-
leagues [13] evaluated postoperative lung function in
patients having segmentectomy or lobectomy and re-
vealed that segmentectomy had a significant benefit in
FEV, ,, but not in FVC. Nevertheless, the authors reached
the same conclusion as the Lung Cancer Study Group,
namely that lobectomy should remain the procedure of
choice for a good-risk patient. We think their interpreta-
tion was not entirely satisfactory.

The present study demonstrated that segmentectomy
offers a functional advantage over lobectomy. Recently,
some other authors reached a similar conclusion [3, 7].
Yoshikawa and coworkers [3] in a prospective multiinsti-
tution study showed postoperative functional loss, mea-
sured 1 year after surgery, was 11.3% in FVC and 13.4% in
FEV,,, the values of which were equivalent to those of
removing two segments according to the formula for
predicting postoperative pulmonary function. In our se-
ries, a significantly positive association was clearly found

Ann Thorac Surg
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between the extent of the removed segment and the
postoperative reduction of FVC and FEV .

We added an exercise test to the present study because
it has been shown to be important in measuring quality
of life in a practical way [8]. Treadmill data as well as
spirometric data in our series demonstrated that segmen-
tectomy had a postoperative functional advantage over
lobectomy. Exercise capacity was regained 6 months after
segmentectomy in contrast to approximately a 10% loss
after lobectomy.

Why should it be necessary to take away a large part of
unaffected healthy lung parenchyma for a small-sized
peripheral tumor when trained surgeons can judge NO
disease after sufficient intraoperative pathologic exami-
nation? We have advocated that segmentectomy be con-
sidered the procedure of choice for patients with a
clinical and surgical NO lesion of 2 cm in diameter or
smaller, which has been supported by a large body of
current evidence [2-7]. Furthermore, the lesser resection
can provide another surgical chance in the future for
metachronous lung tumor, which may be much more
frequently detected thanks to the continuous develop-
ment of imaging tools [14], because surgical outcome for
lung cancer is improving [15] and the patients after
surviving a first disease have a higher risk of a second
disease. The present debate concerning the optimal re-
section for such a disease could be resolved by a pro-
spective randomized trial. Such a trial must be appropri-
ately constructed. The Lung Cancer Study Group trial
was very influential, but actually it had several flaws, the
most important of which was that wedge resection was
chosen for approximately 30% of the enrolled patients.
Future trials should be limited to segmentectomy as the
only lesser resection. Also, the margin from the tumor
that is secured by resecting the adjacent segment or
subsegment, if needed, should concentrate our attention
to avoid local recurrence, and intraoperative lymph node
evaluation would be needed to randomize patients with
NO disease.
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Requirements for Recertification/Maintenance of

Certification in 2006

Diplomates of the American Board of Thoracic Surgery
who plan to participate in the Recertification/
Maintenance of Certification process in 2006 must hold
an active medical license and must hold clinical privi-
leges in thoracic surgery. In addition, a valid certificate is
an absolute requirement for entrance into the recertifi-
cation/maintenance of certification process. if your cer-
tificate has expired, the only pathway for renewal of a
certificate is to take and pass the Part I (written) and the
Part II (oral) certifying examinations.

The American Board of Thoracic Surgery will no longer
publish the names of individuals who have not recerti-
fied in the American Board of Medical Specialties direc-
tories. The Diplomate’s name will be published upon
successful completion of the recertification/maintenance
of certification process.

The CME requirements are 70 Category I credits in
either cardiothoracic surgery or general surgery earned
during the 2 years prior to application. SESATS and
SESAPS are the only self-instructional materials allowed
for credit. Category II credits are not allowed. The Phy-
sicians Recognition Award for recertifying in general
surgery is not allowed in fulfillment of the CME require-
ments. Interested individuals should refer to the Booklet
of Information for a complete description of acceptable
CME credits.

Diplomates should maintain a documented list of their
major cases performed during the year prior to applica-
tion for recertification. This practice review should con-

© 2005 by The Society of Thoracic Surgeons
Published by Elsevier Inc

sist of 1 year’s consecutive major operative experiences.
If more than 100 cases occur in 1 year, only 100 should be
listed.

Candidates for recertification/maintenance of certifica-
tion will be required to complete all sections of the
SESATS self-assessment examination. It is not necessary
for candidates to purchase SESATS individually because
it will be sent to candidates after their application has
been approved.

Diplomates may recertify the year their certificate
expires, or if they wish to do so, they may recertify up to
two years before it expires. However, the new certificate
will be dated 10 years from the date of expiration of their
original certificate or most recent recertification certifi-
cate. In other words, recertifying early does not alter the
10-year validation.

Recertification/maintenance of certification is also
open to Diplomates with an unlimited certificate and will
in no way affect the validity of their original certificate.

The deadline for submission of applications for the
recertification/maintenance of certification process is
May 10 each year. A brochure outlining the rules and
requirements for recertification/maintenance of certifica-
tion in thoracic surgery is available upon request from
the American Board of Thoracic Surgery, 633 N St. Clair
St, Suite 2320, Chicago, IL  60611; telephone: (312)
202-5900; fax: (312) 202-5960; e-mail: info@abts.org. This
booklet is also published on the website: www.abts.org.
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Abstract

Objective: Patients 80 years or older often present with potentially resectable cases of non-small cell lung cancer. Whether such patients
should undergo surgical treatment is becoming increasingly important in this rapidly aging society. Methods: From April 1997 through March
2004, 40 consecutive patients with non-small cell lung cancer who were 80-88 years of age underwent complete resection of their tumors, as
confirmed pathologically. We reviewed preoperative data including gender, age, history of smoking, pulmonary function, co-morbidity, and
induction/adjuvant therapy. Perioperative data consisted of surgical procedure, operative morbidity and mortality, histopathologic type,
pathologic stage, and outcome. Results: The procedures comprised 16 lobectomies (40%), 12 segmentectomies (30%), and 12 wedge resections
(30%). The histopathologic diagnosis was adenocarcinoma in 22 patients, squamous cell carcinomas in 11, large cell carcinomas in 4,
adenosquamous cell carcinomas in 2, and neuro-endocrine cell carcinoma in 1. The disease stage was A in 21 patients, IB in 14, 1B in 3, and IlIA
in 2. There was no perioperative mortality. Eight patients had non-lethal complications (20%), including five with cardiopulmonary
complications (parenchymal air leaks persisting for more than 7 days in two patients, interstitial pneumonia in one, bacterial pneumonia in one,
and moderate arrhythmias in one) and three with minor complications (depression or confusion). The actuarial survival rates of the 40 patients,
including deaths from all causes, were 92.4, 71.6, and 56.9% at 1, 3, and 5 years, respectively. In patients with stage | disease, the respective
survival rates were 94.3, 74.3, and 57.3%. Conclusions: Advanced age is not a contraindication to curative resection in patients 80-89 years of

age with stage | non-small cell lung cancer.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The life expectancy in Japan in 2003 is 7.95 years in
85 years old woman and 8.26 years in 85 years old man. The
population of Japan is rapidly aging like this, resulting in
increased numbers of elderly patients with lung cancer.
Complete resection remains the treatment of choice for
early non-small cell lung cancer, but the risks of surgery in
elderly patients are higher than those in younger patients
because of the increased prevalence of coexisting cardio-
pulmonary or cerebrovascular disease. Surgeons are often
faced with the critical decision of whether or not to perform
surgery. To determine whether curative resection is feasible
in elderly patients with non-small cell tung cancer, we
reviewed the early morbidity and mortality and the late
survival of patients 80 years or older who underwent surgery
for this indication.

Abbreviations: FEV1, Forced expiratory volume per one second.
* Corresponding author. Tel.: +81 795 72 0524; fax; +81 795 72 1276.
E-mail address: hmatsuokai@mac.com (H. Matsuoka).

1010-7940/$ - see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10,1016/j.ejcts.2005.06.010

2. Materials and methods

Data were obtained from the medical records of patients
with non-small cell lung cancer 80 years or older who
underwent pathologically complete resection between April
1997 and March 2004 at Hyogo Prefectural Kaibara Hospital
and Hyogo Medical Center for Adults. We reviewed demo-
graphic and clinical data, including gender, age, smoking
history, pulmonary function, concomitant disease, and
induction/adjuvant therapy, as well as perioperative data,
consisting of surgical procedure, histopathologic type,
pathologic stage, and operative morbidity and mortality,
occurring within 30 days or before discharge. Follow-up
information was obtained at the time of office visits or by
contacting the patients or their relatives or physicians by
mail.

3. Statistical analysis

Actuarial survival curves were constructed by the Kaplan-
Meier method, using Statview 5.0 software (SAS Institute;
Cary, NC, USA).
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4, Results

4.1. Preoperative characteristics of patients

Among 1212 patients with primary non-small cell carci-
noma who underwent pathologically complete pulmonary
resection during the study period, 40 (3.3%) were 80 years or
older. They comprised 30 men and 10 women 80-88 years of
age (mean, 82.0+2.0years). Twenty-two patients (55%) had
a documented history of smoking (mean Brinkmann index,
1176 £594). Pulmonary function as measured by vital
capacity ranged 1.82-3.97 L, averaging 2.62+0.59 L (pre-
dicted%, 100.0+ 16.3). Forced expiratory volume per second
(FEVT) ranged from 0.97 to 2.78 L, averaging 1.76+0.45 L
(mean FEV1/forced vital capacity, 0.69440.13). Preopera-
tive mediastinoscopy was not performed in any patient.
No patient received induction or postoperative adjuvant
chemotherapy or radiation (Table 1).

4.2. Co-morbidity

Thirteen patients (32.5%) had a diagnosis of chronic
obstructive lung disease, but only six (15%) were receiving
oral bronchodilators or inhaled medications. One patient
was receiving long-term treatment with oral corticosteroids
for emphysema at the time of operation. Six (15%) patients
had a history of angina pectoris or myocardial infarction, and
one (2.5%) had cardiac arrhythmias requiring treatment. One
man underwent percutaneous transluminal coronary angio-
plasty before operation. All patients met standard cardio-
pulmonary criteria for the proposed resections. Nine
patients (22.5%) had been previously treated for malignant
disease, including three gastric cancers, two colon cancers,
two renal cancers, one asynchronous lung cancer, and one
bladder cancer. None of these patients had evidence of
recurrence of these neoplasms at the time of operation for
lung cancer (Table 1).

Table 1

Preoperative characteristics of patients

Gender
Male 30 (75%)
Female 10 (25%)

Age (years)

Smoking (current or former)
Brinkmann index

Preoperative pulmonary function
VC (L) 2.6240.59(1.82-3.97)
VC predicted (%) 100.0+16.3 (63.2-125.1)

82.0+2.0 (80-88)
22 (55%)
11764594

FEV1 (L) 1.76+£0.45(0.97-2.78)
FEV1/FVC 0.694+0.13 {0.35-0.893)
Co-morbidity
COPD 13 (32.5%)
Ischemic heart disease 6 (15.0%)
Arrhythmia 1(2.5%)
Previous treatment for malignant 9 (22.5%)
disease

Gastric cancer 3 )
Colon cancer 2 )
Renal cancer 2 (5.0%)
Lung cancer 1( }
Bladder cancer 1(

VC, vital capacity; FEV1, forced expiratory volume per second; FVC, forced
vital capacity; COPD, chronic obstructive pulmonary disease.

4.3. Surgical procedure

We performed muscle sparing posterolateral thoracoto-
my/VATS for 34 cases (85% of all cases). The others were
standard posterolateral thoracotomies.

Sixteen patients (40%) underwent standard lobectomies
with lymph node sampling or systematic dissection.
Segmentectomies were done in 12 patients (30%) with
peripherally located small lung cancers who had a diagnosis
of NO on frozen-section examination. The other 12 patients
(30%) underwent wedge resection because their pulmonary
function was evaluated to be severely impaired by their
physicians (Table 2).

For the majority of cases including these patients
underwent standard thoracotomy, we performed epidural
anesthesia with fentanyl for 3-7 days after operation.

4.4. Histopathologic type and pathologic stage

The histopathologic diagnosis was adenocarcinoma in 22
patients, squamous cell carcinoma in 11, large cell
carcinoma in four, adenosquamous cell carcinoma in two,
and neuro-endocrine cell carcinoma in one. The disease
stage was IA in 21 patients (52.5%), IB in 14 (35.0%), IIB in
three (7.5%), and llIA in two. The two patients with stage HIA
disease had malignant N2 lymphadenopathy (Table 2).

4.5. Morbidity and mortality

Blood loss was 1704195 ml (ranged 20-860 mt). Two
patients were given blood transfusion (0.5% of all cases).

There were no perioperative deaths. Eight patients had
non-lethal complications (20%), including five with cardio-
pulmonary complications (parenchymal air leaks persisting
for more than 7 days in two patients, interstitial pneumonia
in one, bacterial pneumonia in one, and moderate
arrhythmia in one) and three with minor complications
(depression or confusion) (Table 2).

Table 2
Perioperative characteristics of patients

Surgical procedure

Lobectomy 16 (40%)
Segmentectomy 12 (30%)
Wedge resection 12 (30%)
Histologic type
Adenocarcinoma 22 (55%)
Squamous cell carcinoma 11 (27.5%)
Large cell carcinoma 4 (10.0%)
Adenosquamous cell carcinoma 2 (5.0%)
Neuro-endocrine tumor 1(2.5%)
Pathologic stage
1A 21 (52.5%)
B 14 (35.0%)
118 3 (7.5%)
A 2 (5.0%)

Complications
Cardiopulmonary problems 5
Prolonged air leak 2
Interstitial pneumonia 1
Bacterial pneumonia 1
Mild arrhythmia 1
Depression or confusion 3 (7.5%)
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Fig. 1. Overall postoperative survival of patients 80 years or older with non-
small cell lung cancer.
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Fig. 2. Overall postoperative survival of patients 80 years or older with stage |
non-small cell lung cancer.

4.6. Long-term survival

Mean and median follow-up periods for the survivors were
35.4 and 28.3 months, respectively. The actuarial survival

Table 3
Surgical resection for lung cancer in patients 80 years or older

rates of the 40 patients, including deaths from all causes,
were 92.4, 71.6, and 56.9% at 1, 3, and 5 years, respectively
(Fig. 1). The respective survival rates in patients with stage |
disease were 94.3, 74.3, and 57.3% (Fig. 2). Patients with
more advanced lung cancer had poorer outcomes. Of the five
with stage Il or {1l disease, only two were alive as of 8 and 28
months after operation. The three other patients had
disease recurrence 6, 9, and 27 months after operation and
died at 9, 19, and 69 months, respectively.

5. Comments

Elderly patients generally have more underlying
co-morbidities than younger patients, increasing the risks
associated with surgery. The mortality rate of patients
80 years or older who underwent surgical resection for
lung cancer ranged from 8.1 to 21% in reports published
before 1995 [1-5]. Harvey and co-authors reported that
operative mortality did not significantly increase until 80
years of age in patients surgically treated for non-small
cell lung cancer. In that report, operative mortality was
1.4% for patients younger than 70 years, 1.6% for patients
70-79 years old, and 17.6% for patients 80 years or older
[5]. However, more encouraging results have been
obtained during the past 10 years [6-10] (Table 3). In
our series, surgical resection of non-small cell lung cancer
in patients 80-88 years of age was not associated with an
excessive increase in complications or mortality. Most
complications were predictable and did not lead to
mortality because they were effectively managed accord-
ing to previously reported recommendations.

Pulmonary complications caused by increased bronchial
secretion and difficulty in expectoration directly increase
mortality, making the prevention of such complications
essential. Wound pain and drainage tubes cause elderly
patients to restrict their movement and suppress cough-
ing, increasing the risk of coexisting illness after
operation. Pain control is mandatory after thoracotomy,
particularly in elderly patients. We recommend post-
operative epidural anesthesia with fentanyl for several
days [11]. This treatment is thought to contribute to very
low rates of pulmonary complications and mortality. In
addition, patients should be instructed not to smoke and
to perform deep respirations before operation; early
arising from bed after operation is particularly important
for elderly patients.

Reported Author Covered year No. of patients Morbidity (%) Mortality® (%) 5-year survival
Overall (%) Stage | (%)

1997 Pagni 5 [6] 1980-1995 54 42 3. 43 57

1999 Hanagiri T [7] 1992-1995 18 50 0 42 ND

2000 Aoki T [8] 1981-1998 35 60 0 40 ND

2004 Brock M [9] 1980-2002 68 44 8.8 34 340

2004 Port JL [10] 1990-2003 61 38 1. 38 46

2005 Present 1997-2004 40 20 0 56.9 57.3

ND, not described.
@ Death within 30 days or same hospitatization.
AU patients had with stage | disease.
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In addition to routine measures of pulmonary function,
e.g. vital capacity or forced expiratory volume per
second, cardiopulmonary function should be comprehen-
sively evaluated in patients at risk for cardiovascular
complications. Cardiac catheterization has been found to
be useful for cardiopulmonary evaluation to assess the
risk of postoperative complications [12]. However, cardiac
catheterization is not commonly performed because of its
invasive nature. Brunelli and associates reported that a
symptom-limited stair-climbing test was a safe and simple
procedure for predicting the risk of cardiopulmonary
complications in elderly patients after lung resection
[13]. We previously reported that the treadmill exercise
test can simply and effectively assess the degree of
operative invasion [14]. Modified procedures for wedge
resection or segmentectomy are recommended in patients
in whom exercise consistently decreases the arterial blood
oxygen concentration.

Video-assisted thoracoscopic surgery has become pop-
ular for the treatment of lung cancer. Jaklitsch and
associates reported that one case of pneumonia and three
minor morbid events, including supraventricular dysrhyth-
mia, confusion, and other symptoms, developed among
33 patients 80 years or older who underwent video-
assisted thoracic surgery [15]. There was no operative
death. Asamura and associates reported that only two
prolonged air leaks and no serious complications occurred
among six patients 78-85 years of age who underwent
video-assisted lobectomy [16]. This minimally invasive
procedure, which we also have used, is believed to
substantially reduce morbidity and mortality in elderly
patients. -

Some reports concluded that standard lobectomy is the
procedure of choice even in elderly patients, because the
risk of major complications or operative death is not
necessarily related to age [10,17,18]. In our study, 40% of
the patients underwent standard lobectomy and 60% limited
resection. Extended segmentectomy for low-risk patients
might strike a balance between curability and a low rate of
complications. Pneumonectomy, especially right-sided, is
strongly associated with an increased risk of complications
as compared with standard lobectomy or limited resection
[19-21]. Mizushima and associates reported that operative
mortality after pneumonectomy was 22.2% in patients
70 years or older and significantly differ from with that in
patients younger than 70 years (3.2%) [22]. Bronchoplasty
should be performed whenever possible even in elderly
patients to avoid pneumonectomy [23].

Pathologic stage has proven to be the most
important prognostic factor for long-term survival. In
our study, patients with stages IA and IB disease had good
outcomes.

In conclusion, advanced age is not a contraindication
to curative resection in patients 80-89 years of age with
stage | non-small cell lung cancer. Most serious compli-
cations and operative deaths can be avoided by careful
evaluation of cardiopulmonary function, careful selection
of the surgical procedure, and meticulous postoperative
management.
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