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Review

Introduction

The history of surgery is characterized as a reduction of
surgical intervention. This is because surgical treatment
involves two opposed pursuits, namely, curability and func-
tional preservation. Various trials and discussions regard-
ing these pursuits have continued since Graham reported
on the left pneumonectomy for primary lung cancer in
1933.1–3) In 1960 Cahan recommended anatomical lobec-
tomy with systemic mediastinal lymphadenectomy as
“radical lobectomy” to achieve the balanced surgical ef-
fects of both curability and functional preservation.4) Sub-
sequently, the verification of curability was evaluated ac-
cording to mediastinal lymphadenectomy, and functional
preservation with the development of limited surgery and
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a minimally invasive approach to the thorax was investi-
gated.5–8) Experimental studies on anatomical pulmonary
resection, such as lobectomy and segmentectomy by tho-
racoscopy, were performed.9,11) In 1993, Lewis introduced
the role of video-assisted thoracic surgery (VATS), utiliz-
ing thoracoscopy and minithoracotomy for carcinoma of
the lung.10) From 1993 to 2007, thoracoscopic surgery has
become widely utilized for chest diseases. Many clinical
researches have been performed to evaluate whether tho-
racoscopic surgery has become truly advantageous for
functional preservation and whether it can achieve cur-
ability equal to that with conventional open thoracotomy;
however, the results remain unclear.12–14,16–40) Therefore I
would like to review the background of lung cancer pa-
tients and changes in surgical procedures regarding the
advantages and disadvantages particularly in Japan.

1. Changes in cause of death: pulmonary
tuberculosis and lung cancer

According to the historical aspects of the lung cancer

Kiyoshi Koizumi, MD

The revolution of thoracic surgery was brought about by a thoracoscopic approach to the tho-
rax. Until the 1960s, thoracic surgery had been developed primarily for pulmonary tuberculo-
sis. The incidence of lung cancer will increase worldwide during the next 30 years, and the
annual incidence of lung cancer in Japan is expected to increase to about 150,000 by 2015. Over
the past 50 years, pulmologists and radiologists have performed clinicopathological studies to
prevent lung cancer. Early detection became possible with these efforts; as a result, the rate of
lung cancer detection at stage I disease has increased. Around 1995, the frequency of the histo-
logical incidence of small adenocarcinoma and of peripheral squamous cell carcinoma has in-
creased. Thus thoracic surgeons have refined surgical procedures, such as limited pulmonary
resection, and have established a minimally invasive approach to the thorax. These successes
were followed by the development of thoracoscopic surgery to cover the world by the end of 20th
century. However, minimally invasive surgery involving limited pulmonary resection and/or the
thoracoscopic approach, which allows for functional preservation and effectiveness, has not yet
been clarified as lung cancer treatment. Future investigations and the refinement of technolo-
gies are needed. (Ann Thorac Cardiovasc Surg, 2007; 13: 228–235)

Key words:  lung cancer, lobectomy, thoracotomy, video-assisted thoracic surgery



The Revolution of Thoracotomy for Lung Cancer Surgery

Ann Thorac Cardiovasc Surg Vol. 13, No. 4 (2007) 229

screening system in Japan, the death rate from lung can-
cer has surpassed that from pulmonary tuberculosis, which
until the mid-1970s was managed by the screening of tu-
berculosis under the “Tuberculosis Control Law” enacted
in 1951. According to this change, the Japanese Lung
Cancer Society was established in 1960, and a lung can-
cer screening research group was organized in 1972. In
1987, the screening for lung cancer under the “Health
and Medical Services Law for the Aged” was developed,
established, and implemented nationwide (Fig. 1). In
1998, lung cancer became the most common of cancer
deaths in Japan, and death rates for males and females
were similar. Annual deaths from lung cancer have ex-
ceeded 50,000, which is about 18% of all carcinoma
deaths. The incidence of lung cancer will increase in the
next 30 years worldwide, and the annual incidence of lung
cancer in Japan is expected to reach about 150,000 by
2015. In the 1950s, its incidence was higher in the ad-
vanced nation, and pulmonary tuberculosis was common
in developing countries. The average age of Westerners
was about 70 at that time in comparison to 47 in Japan
before World War II. Since then, the average age of Japa-
nese has been prolonged to 86 in females and 76 in males
at the end of 20th century, followed by an increase of the

lung cancer population. Furthermore the average age of
patients became higher associated with several concomi-
tant diseases. Therefore, the thoracic surgeon has devel-
oped a less invasive approach to the thorax and minimal
pulmonary resection to save physical reserve after surgery.

2. Changes in stage of disease and histological
types of primary lung cancer

As for the recent stages of lung cancer in Japan, the ad-
vanced stage III lung cancer or higher accounted for 70%
of all stages during 1972 and 1986, but they had mark-
edly decreased by 1996, following a nationwide imple-
mentation of the regular health examination system en-
acted in 1987 by screening for lung cancer under the
“Health and Medical Services Law for the Aged.” In the
past five years, more than 45% of patients who under-
went surgery for primary lung cancer had been detected
and diagnosed with primary lung cancer by a screening
examination (Fig. 2). The central type of squamous cell
carcinoma was previously the most common type of lung
cancer, but peripheral squamous cell carcinoma has now
become more common. This change has been attributed
to self-regulation with respect to direct or indirect can-
cer-causing factors such as smoking. Furthermore, the de-
crease in the incidence of central squamous cell carci-
noma has influenced a type of surgical procedure that I
will mention later.

Fig. 1.  Changes in the mortality rate from pulmonary tuberculo-
sis and lung cancer during the 1950s and the 2000s.
Before World War II, tuberculosis had a very high mortality
rate among the Japanese. Since the mid-1930s, mass screening
for pulmonary tuberculosis has been carried out in Japan by
chest X-rays. After the war, a nationwide program was estab-
lished that offered an annual screening free of charge under the
“Tuberculosis Control Law.” Despite a rapidly decreasing mor-
tality rate from tuberculosis throughout the 1950s and 1960s,
deaths from lung cancer began to increase at this time (from
Suzuki T, Osaka Medical Center for Cancer and Cardiovascu-
lar Diseases).

Fig. 2.  In Japan, advanced lung cancer, stage III or more, ac-
counted for 70% of all stages during 1972 and 1986, but it had
markedly decreased by 1996, resulting in an increase in the
percentage of patients with stage I or II disease, following the
nationwide implementation of the regular health examination
system enacted by screening for lung cancer in 1987.
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Fig. 4.  Video-assisted thoracic surgery
(VATS) was utilized for small peripheral
lung cancer, and its advantages were ex-
pected in elderly patients and/or compro-
mised patients.

3. Changes in surgical procedures

With the increase in the average life span, the increase of
elderly lung cancer patients has become an important
problem surgically. Elderly patients often have concomi-
tant diseases, such as ischemic heart disease, chronic pul-
monary disease, and diabetes mellitus, which are serious
problems during perioperative periods. Over the past de-
cade, limited pulmonary resection has been utilized for
small peripheral lung cancers supported by these phenom-
ena6, 7). Subsequently, VATS was introduced to lung can-
cer surgery as a minimally invasive approach to the tho-
rax, which allows performing anatomical pulmonary re-
section with lymphadenectomy (Fig. 3). Muscle-sparing
thoracotomy (MST) was introduced by Ginsberg as an
alternative to posterolateral thoracotomy to reduce chest
wall injury.15) As a bridging procedure between VATS and

posterolateral thoracotomy, MST has been utilized and
investigated regarding invasiveness to the chest wall and
the postoperative course.16)

4. Verification of VATS as a minimally
invasive surgery

In Japan, cost of thoracoscopic surgery was covered by
health insurance since April 1, 1994. According to an in-
vestigation into the actual conditioning during 1993 and
2003 performed by the Japan Society for Endoscopic Sur-
gery (JSES) in 2004, the total number of thoracoscopic
surgeries was 72,395 cases among 487,111 endoscopic
surgeries and held third rank. Among all thoracoscopic
surgeries, malignant pulmonary disease surgeries totaled
20,219, consisting of 14,939 patients with primary lung
cancer (20.6% of all thoracoscopic surgeries) (Fig. 3).

Fig. 3.  The actual conditioning performed by
the Japan Society for Endoscopic Surgery
(JSES) reported that among all thoracoscopic
surgeries, malignant pulmonary disease was
20,219, consisting of 14,939 cases of primary
lung cancer (20.6% of all thoracoscopic sur-
geries).
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When we consider the future of surgical treatment, it is
believed that thoracoscopic surgery will spread to reduce
the surgical injuries of elderly patients and/or compro-
mised patients, and also early-stage lung cancer patients
(Fig. 4). Thus the verification of thoracoscopic surgery
for lung cancer started with surgery-related factors, func-
tional factors, and tumor-related factors.

(1) Surgical procedures
Since Cahan recommended a “radical lobectomy with
mediastinal lymphadenectomy” by open thoracotomy,
anatomical pulmonary resection was used as an ideal
method with which to control cancer progression. There-
fore even in VATS or thoracoscopic surgery, anatomical
pulmonary resection, i.e., lobectomy and segmentectomy
with mediastinal lymphadenectomy, was performed (Fig.
5). VATS is performed by using a few entry ports and one
minithoracotomy to enter the thorax, as shown in Fig. 6
and in a bird-eye’s view during a VATS lobectomy (Fig.
7). The issue of whether equal mediastinal lymphadenec-
tomy is feasible by VATS has been long discussed among
thoracic surgeons.18–22)

(2) Surgically related factors
As for surgically related factors, the duration of a lobec-

tomy with mediastinal lymphadenectomy by VATS was
considered as being longer than that by open thoracotomy,
but it became shorter with the learning curve of practice.
The blood loss during VATS lobectomy is significantly
more minimal than that of a lobectomy by open thorac-
otomy. However, intrapleural adhesion, inflammatory
change, and incomplete lobation influence the duration
of surgery and the amount of blood loss in both groups.
In many reports concerning surgical intervention of VATS
lobectomy, by analyzing postoperative serum creatine
phosphokinase (CPK) we find that chest wall damage
seems minimal.16,17,21,26)

(3) Postoperative inflammatory changes
A thoracic surgeon needs to know about postoperative
inflammatory responses associated with extended stress
because of surgical intervention. Several authors reported
that the serum C-reactive protein (CRP) level was lower
and the change in blood interleukin-6 (IL-6) level was
also less in VATS lobectomies than in those by open tho-
racotomy.19,26–30)

(4) Immunological responses
Immunosuppression associated with surgery may predis-
pose a patient to an increased tumor growth or recurrence.
Lymphocytes have a central immune network and reply
to a peculiar marker by tumor immunosurveillance, which
is a nonspecific reaction. Leaver measured postoperative
lymphocyte counts, CD4, CD8, CD19, and natural killer
T cells with respect to immunosuppression and reported
that a lobectomy showed strong effects for immunosup-
pression.29,30) On the other hand, as for the dissemination
of cancer cells, Yamashita et al. mentioned that the detec-
tion of circulating tumor cells in patients who underwent
VATS lobectomies showed a potential hazard because of
intraoperative manipulation.31) These findings indicate
continued further investigation.

(5) Influence on changes in pulmonary function
An advantage of changes in pulmonary function was re-
ported by several authors,32,33) The recovery of pulmo-
nary function was significantly quick in VATS lobec-
tomy postoperatively. Lobectomy itself seemed to be as
advantageous as that of lung volume reduction surgery
(LVRS) for patients with severe pulmonary emphysema,
and this tendency was remarkable in patients who un-
derwent VATS.34) Furthermore, the VATS approach
seemed to be beneficial in patients suffering from inter-
stitial pneumonia and in patients with poor pulmonary

Fig. 5.  Video-assisted thoracic surgery (VATS) for lung cancer
surgery aimed to perform anatomical pulmonary resection for
the purpose of curative lung cancer surgery.
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monary resection have been studied along with the his-
tory of thoracic surgery. An acute right heart failure re-
sulting from increased right ventricular afterload is some-
times troublesome, especially in a major pulmonary re-
section.37) In a comparison of changes in hemodynamics
and right ventricular performance during the perioperative
phase, a VATS lobectomy showed less influence leading
to quick recovery, especially in elderly patients with poor

function.35,36)

(6) Effects on cardiopulmonary circulation
Major pulmonary resection exceeding 35% of lung vol-
ume often influences the right ventricular afterload, re-
sulting in chronic right ventricular insufficiency and a
marked deterioration of the activities of daily life. He-
modynamics and right ventricular performance after pul-

Fig. 6.  The scheme and photo-
graph shows a skin incision of
thoracotomy in posterolateral
thoracotomy, muscle-sparing
thoracotomy (MST), and
video-assisted thoracic sur-
gery (VATS).
When thoracoscopic observa-
tion showed severe adhesions
and calcified lymph nodes at-
tached to the pulmonary ar-
tery, a thoracic surgeon must
consider converting VATS to
MST as a second option of a
minimally invasive approach
to the thorax.

Fig. 7.  A video-assisted thoracic surgery
(VATS) is performed with a few entry ports
and one minithoracotomy to handle endo-
scopic instruments.
The photograph shows a bird-eye’s view of
the operating field during a right upper
lobectomy with mediastinal lymphadenec-
tomy. The location of ports is used at the
Nippon Medical School hospital. Left, heart;
bottom, back.
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physical reserve, compared to those of a lobectomy by
open thoracotomy.38,39)

(7) Incidence of intraoperative injury and
postoperative complications

(a) Incidence of intraoperative injuries: An important
intraoperative surgical accident was vascular injury (Fig.
8). Injury to the pulmonary artery caused massive bleed-
ing followed by operative death. A further refinement of
the technique and instrument should be developed.

(b) Postoperative complications: The incidence and
types of postoperative complications are similar in pa-
tients who underwent VATS or open thoracotomy. How-
ever, the complications were less severe in patients who
underwent VATS.16,17,20,21,33) A univariate analysis showed
that the duration of surgery was affected by the condition
of the thoracic cavity. The Thoracoscopic Society8) rec-
ommends that thoracoscopic surgery should not be con-
tinued and should be converted to open thoracotomy when
surgery becomes lengthy. Moreover, it is very important
to know when an advantage of VATS is lost during an
operation. According to an analysis of receiver-operator
characteristics curves (ROC curve) for risk factors of
VATS lobectomy, Haraguchi et al. mentioned that a sur-
gery lasting more than 297 minutes will offset the advan-
tages of VATS.40) When severe adhesions caused by
chronic inflammation and calcified lymph nodes attached
to the pulmonary artery are observed under thoracoscopy,
a thoracic surgeon must consider the VATS approach to
convert to MST as a minimally invasive approach to the
thorax instead of posterolateral thoracotomy (Fig. 6).

5. Postoperative performance status and
survival rate

(1) Changes in performance status pre- and
postoperation
A deterioration of performance status after surgery is a
subject of serious concern for patients, particularly the
elderly. We reported the changes in pre- and postopera-
tive performance status. As a result, VATS lobectomy
patients showed minimal deterioration after surgery. The
recovery speed and the maintenance of performance sta-
tus were also quick and better in patients who underwent
VATS lobectomies, compared to those in patients who
underwent a lobectomy by open thoracotomy.17,18)

(2) Prognosis
The purpose of lung cancer surgery is the achievement of
a long-term prognosis. It is clear that a VATS lobectomy
cannot be accepted as a surgical treatment of lung cancer
if it cannot achieve a survival rate equal to that of an open
thoracotomy lobectomy. The survival of lung cancer pa-
tients who underwent surgical treatment in Japan is the
best worldwide. Even though convalescence and progno-
sis following VATS lobectomy differs among institutions,
the prognosis of patients who underwent a VATS lobec-
tomy seemed to be better survival than that in patients
who underwent open thoracotomy.20–25,33) According to the

Fig. 8.  The most important intraoperative accident was vascular
injury (56.5%), consisting of pulmonary artery (56%), inter-
costal artery (15%), pulmonary vein (12%), superior vena cava,
aorta, and others from 1993 to 2003.

Fig. 9.  Survival curves in patients who underwent a lobectomy
with ND2a by video-assisted thoracic surgery (VATS) and open
thoracotomy at the Nippon Medical School hospital.
A total of 140 patients underwent a VATS lobectomy with ND2a,
and 122 underwent an open thoracotomy with ND2a during
1994 and 2006; both groups were diagnosed to be pathologi-
cally at stage IA.
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investigation committee formed by the Japan Lung Can-
cer Society and the Japanese Association for Chest Sur-
gery, the 5-year survival rate was 79% at stage IA, 60%
at IB, 59% at IIA, 42% at IIB, 28% at IIIA, 20% at IIIB,
and 19% at IV. Postoperative death is 3.0%, including
1.4% postoperative mortality rates and 1.6% hospital
deaths. At the Nippon Medical School hospital during
1994 and 2006, the VATS lobectomy patients showed a
100% 1-year survival rate, 95% 3-year survival rate, 93%
5-year survival rate, and 93% 10-year survival rate (Fig.
9). The survival rate of VATS lobectomy patients revealed
a significant difference compared to those who under-
went open thoracotomy lobectomies. Even though tho-
racic surgeons cannot judge a uniform degree of conva-
lescence after a VATS lobectomy because of the various
patient backgrounds, they consider that the VATS proce-
dure is a worthy lung cancer surgical treatment.

6. VATS lobectomy and future prospects

I would like to summarize the characteristic factors of a
VATS lobectomy for primary lung cancer. A thoracic sur-
geon wants to avoid invasive surgical interventions that
undermine the physical reserve of patients. It is true that
an anatomical lobectomy with mediastinal lymphadenec-
tomy by open thoracotomy has been ideal for primary
lung cancer patients. Therefore when a new surgical ap-
proach is introduced, thoracic surgeons must have a de-
tailed investigation about whether the new approach will
be beneficial. I think several points at issue seem to have
been improving over the past decade.

We also remember that experienced thoracic surgeons
have been trained to perform VATS lobectomies for 10
years or more since this procedure was introduced to Ja-
pan. There remains the issue of how to solve the major
problems of this technique, such as safety and prognosis.
At present, VATS lobectomies already exceed 20% of all
cases of pulmonary lobectomies. Thoracic surgeons of
the next generation must attain the skills of their seniors
in a shorter time. Therefore senior surgeons must pro-
vide an environment conductive for young surgeons to
learn manual skills and to acquire hands-on experience
in operating new devices. It has been demanded that sur-
gical strategies have changed according to patient’s needs,
and improvements in surgical procedures and equipment
have been made over the past 20 years. An order-made
therapy for lung cancer has been investigated based on
transrelational research in correlation of basic science and
clinical medicine, so that thoracic surgeons should still

focus on decreasing the invasiveness of surgical treatment
for lung cancer as an option of the combined therapy of
lung cancer.
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