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The flexible bronchofiberscope developed by lkeda et al. has brought about revolutionary
changes in the diagnosis and treatment of lung cancer. Advances in this device are conti-
nuing to emerge and lesions even smaller than those visible to the naked eye can now be
visualized. In addition, the use of ultrasound now enables diagnosis of extramural bronchial
lesions. Bronchoscopy is also used for the treatment of early hilar lung cancer, and in
patients with airway stenosis due to advanced cancer, laser therapy, brachytherapy, and
stenting can be performed. The bronchofiberscope is also very useful for tissue sampling
from the lung periphery. Further advances in computed tomography imaging have enabled
bronchoscopy under computed tomography fluoroscopy, and virtual bronchoscopy images
can be generated from computed tomography imaging. Navigation systems have been
developed to show the target bronchus where instruments such as forceps should be
guided. Computed tomography imaging has made remarkable advances, and computed
tomography now plays a central role in chest imaging, including early detection of lesions
by low-dose computed tomography, qualitative diagnosis by high-resolution computed tom-
ography and diagnosis of disease progression by contrast computed tomography. lkeda
et al. introduced the concept of personal health data recording system to manage these
various images but the technology was not mature enough at that time for implementation.
With modern advances in information technology, this is likely to be reahzed using an elec-
tronic health record system.

Key words: flexible bronchofiberscope — lung cancer — computed tomography — mass screening

INTRODUCTION

The flexible bronchofiberscope was first developed by
Ikeda et al. in 1966. This device is thinner and more
flexible than previous rigid bronchoscopes, and its tip can
be flexed using a lever in the handle, markedly increasing
the range of visibility of the bronchi. In addition, instru-
ments like biopsy forceps can be inserted through a
working channel up to the lung periphery. The develop-
ment of the flexible bronchofiberscope has brought about
revolutionary changes in the diagnosis of lung cancer.
These results were pubhshed in volume 1, issue 1, of the
JJCO (1,2).

These research developments have subsequently undergone
further dramatic advances. In this paper, we discuss
these changes and the current state of diagnosis of lung
cancer.

ADVANCES RELATED TO OBSERVATION
OF THE AIRWAY LUMEN

The principle of the flexible bronchofiberscope is that
light from an external light source, through glass fibers, is
guided within the bronchi to illuminate the bronchial lumen,
and the image is guided by separate glass fibers to an
eyepiece lens in the handle for observation. Thus, image
resolution is limited by the fineness and number of glass fibers.

Moreover, the image can only be viewed by the physician
performing the examination. For display to multiple phys-
icians, a large television camera must be connected to the
eyepiece lens.

DEVELOPMENT OF ELECTRONIC VIDEO BRONCHOSCOPE

To solve this problem, an electronic video bronchoscope was
developed with a very small integrated charged couple

© The Author (2010). Publisheq by Oxford University Press. All rights reserved.



device at the tip of the bronchoscope (3). With the electronic
video bronchoscope, findings directly from the lumen, not
transmitted through glass fibers, are imaged, so the image
obtained is comparable to or better than observed visually.

The image can also be viewed on an external monitor
screen by several physicians at the same time. This facilitates
objective evaluation and recording of images, improves diag-
nostic accuracy and is useful for educational purposes.

DEVELOPMENT OF OBSERVATION METHODS SUPERIOR
TO THE NAKED EYE

DETAILED OBSERVATION OF THE BRONCHIAL EPITHELIUM

Electronic imaging has enabled observation that is superior
to that possible with the naked eye. Fluorescence imaging,
narrow band imaging (NBI) and magnified imaging methods
are available, and their use is starting to expand.
Fluorescence imaging was originally a photodynamic diag-
nosis (PDD) method whereby, after injection of a hematopor-
phyrin derivative, which is taken up in large amounts by
tumors, the operator shines a laser light of a specific wave-
length, and fluorescent light emitted from the tumor is
detected. This later evolved to autofluorescence imaging (AFI),
which detects autofiuorescence from normal bronchial mucosa.
For PDD, a photosensitivity reaction to a photosensitive
agent administered beforehand and a device that generates
laser light of a specific wavelength are necessary. Therefore,
this is now seldom used, except for the evaluation of lesions
prior to photodynamic therapy (PDT), a laser treatment.
With AFI, administration of a photosensitive agent is not
necessary, and very early lesions, which cannot be seen with
the naked eye, can be detected. Originally, illumination with
a laser light of a specific wavelength was required, but more
recent devices can be used merely by passing standard white
light through a filter (4). These small devices are convenient,
and their use is beginning to expand. Figure 1 shows find-
ings of early cancer at the tracheal bifurcation as observed
with an AFI SAFE system. With white light, only a slight
elevation is visible, but without any obvious abnormality.
However, with AFI, there is a loss of green fluorescence
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compared with the normal area, thus permitting easy diagno-
sis of the abnormal area. In heavy smokers with positive
sputum cytology, but in whom chest X-ray and computed
tomography (CT) findings are negative, AFI is useful for the
early detection of hilar lesions.

NBI is a method of observation using filters to select
images of certain wavelengths. Because this enables depic-
tion of small submucosal blood vessels, it is useful for diag-
nosis of lesion depth, direction of spread and determination
of whether a lesion is benign or malignant (5).

STRUCTURE OF THE BRONCHIAL WaLL AND DiAGNOSIS
OF EXTRAMURAL LESIONS

To observe the structure of the bronchial wall and diagnose
extramural lesions, endobronchial ultrasonography (EBUS)
using ultrasound and optical coherence tomography (OCT)
using reflected laser light can be used.

EBUS includes radial and convex types. With the radial
type, an ultrasound probe is inserted through the working
channel of a conventional bronchoscope for examination, but
because a water-filled balloon must be placed in close
contact with the bronchial wall, the airway must be tempor-
arily blocked. This is mainly used to diagnose early hilar
lung cancer and depth of invasion in the bronchial wall (6).
Figure 2 shows the laminar structure of the wall on a bron-
chial cross-section as observed by radial EBUS.

The convex type requires the use of a special scope, but
aspiration cytology can be performed at the same time. This
can also be used for bronchial and extramural hilar and med-
iastinal lymph node biopsy (7).

For histological diagnosis of mediastinal lymph nodes, a
large amount of tissue can be sampled by mediastinoscopy,
thus permitting histological examination. This must be per-
formed only by an experienced thoracic surgeon under
general anesthesia. The tip of the needle is advanced under
EBUS guidance, and lymph nodes and peripheral blood
vessels can be depicted, so aspiration can be performed
safely and reliably. Clinical use is rapidly expanding.
Figure 3 shows an extramural lymph node and blood vessels
in the lymph node as observed by convex EBUS.

Figure 1. Early hilar-type lung cancer. (A) White light image and (B) autofluorescence image. Arrow symbols show a border of early cancer.
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Figure 5. Transbronchoscopic biopsy (A) under X-ray fluorography guided and (B) under computed tomography (CT ) guided.

involves insertion of a radial ultrasound probe into the lung
periphery, and when the tip reaches within the lesion, find-
ings different from normal lung tissue are obtained. The
biopsy forceps cannot be directly guided, but a reliable
biopsy from within the lesion can be confirmed, thus increas-
ing the reliability of the biopsy results (15).

With the development of systems that enable
reliable insertion of instruments such as forceps into
peripheral lesions, the development of transbronchial treat-
ment for peripheral lesions is highly likely and no longer
just a dream.

ADVANCES IN IMAGING DIAGNOSIS

At the time of development of the flexible bronchofiber-
scope, imaging of the respiratory system primarily involved
chest X-rays, tomography and bronchography. However, in
the 1990s, the speed of CT scanning rapidly increased, serial
imaging over a short time became possible and image
quality improved. Tomography and bronchography are no
longer being performed.

ApvaNces IN CHEsT CT

CT came into clinical use starting in 1974. At first, the

devices used a single X-ray beam and one detector, and
imaging of one cross-section required several minutes.
Therefore, CT was used primarily for the head and was
seldom used to evaluate the respiratory system.

In 1978, a CT system using a fan-shaped X-ray beam and
linear detector was developed. Devices that could image one

cross-section in only a few seconds appeared. Thus, several |

images during a single breath-hold could be acquired, and
CT started to be used for diagnosis of lung lesions.

Then, in 1985, devices wherein the X-ray tube and detec-
tors were continuously rotated were developed. Helical scan
methods in which the images were acquired while the
patient’s body was continuously rotated were also developed.
Imaging of the entire lung was made possible during a
single breath-hold, and these devices became established for
the diagnosis of respiratory tract disease.

Advances in CT devices have known no limits. The
number of detectors has increased from | to 2; 4, 16 and 64,
and recently, instead of linear detectors, area detectors have
also been developed. The development of systemAs that can
image the entire lung in a single rotation is also proceeding.

Along with advances in CT systems, changes in imaging
protocols and display methods have changed. When a single
image required a few seconds, only a few images, with
10 mm-thick slices focusing on the area of abnormality,
were obtained. However, as imaging speed has increased,
wider areas can easily be imaged, and the image slices are
thinner.

With thinner image widths, resolution in a cephalocaudal
direction is improved. This enables generation of images not
only in the horizontal plane, but also in the coronal plane
and sagittal plane, and even 3D images. Thus, 3D structural
analysis of lesions is now possible (Figure 6).

Figure 6. Three-dimensional iniage of bronchial tree made from high-
resolution CT. ) :



ADVANCES IN THE EARLY DETECTION OF LUNG CANCER

With imaging of wide areas of the lung now easily possible,

many lesions too small to be detected by conventional

X-rays, even at other than the target site, can now be
detected by CT. This is because compared with conventional
“ X-rays, CT has superior concentration resolution, and faint
concentration differences can be easily detected: Also, with
CT cross-section images, fewer areas become blind spots,
for example, due to the hilum, heart and diaphragm.

Therefore, CT screening was evaluated for the early detec-

tion of lung cancer. At first, even with third-generation scan-
ners, whole lung imaging required several minutes, X-ray
exposure was high and cost was high, so CT was not con-
sidered feasible for lung cancer screening. _

However, in 1985, devices wherein the X-ray tube was
continuously rotated, and helical scanning methods, in which
images were acquired while the examination table was con-
tinuously moved, were developed. This markedly reduced
imaging time and made whole lung imaging possible during
a single breath-hold. Also, regarding detection of abnormal
shadows in the lung fields, even with low-dose imaging,
about 1/10 the exposure dose in conventional imaging, no
differences in diagnostic performance were demonstrated. In
1993, the Anti-Lung Cancer Association (ALCA) became
the first in the world to recommend low-dose CT for lung
cancer screening. Low-dose CT screening started to be
widely used in residential screening, occupational screening
and routine medical examinations (16—19).

An effect of lung cancer screening by low-dose CT on
reducing lung cancer mortality rates cannot yet be demon-
strated, but compared with lung cancer screening with con-
ventional X-ray imaging and sputum cytology, the lung

- cancer detection rates are increased 3—10 times. About 80%
of detected lung cancer is Stage I, and the 5-year survival
rate for detected lung cancer is also about 80%. To further
improve the detection rate and enable safé diagnosis any-
where in the nation, the development of computer-aided
diagnosis is now proceeding.
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ADVANCES IN THE QUALITATIVE DiaGNOsIS OF LUNG CANCER

With decreased CT slice thickness, magnified images and
image processing that enhances margins, images can be
obtained that appear just like black and white images of
the resected lung. This enables evaluation of the character-
istics of the border between the lesion and normal lung
tissue and the interior of the lesion, thus improving diag-
nostic yield.

Currently, nodules about 1 cm in size that can be detected
by CT are classified into three types: pure ground glass
nodule (GGN), mixed nodules and solid nodules. In a pure
GGN, pulmonary vasculature passing through the lesion can
be identified, and the nodules consist only of ground glass
opacity (GGO). Solid nodules have a high CT number and
consist of areas where pulmonary vasculature passing
through cannot be identified. Mixed nodules consist of both
GGO and solid elements.

Pure GGN may be a mildly inflammatory lesion, atypical
adenomatous hyperplasia (AAH: an adenocarcinoma precan-
cerous lesion), or a very early well-differentiated adenocarci-
noma. If inflammation is present, this often disappears in
about 1 month. AAH often does not change for many years.
In well-differentiated adenocarcinomas, changes such as
enlargement or increased density occur. However, this
process is very slow, and changes over the course of years
are not uncommon. Therefore, these types of lesions, if there
are no short-term changes, must be followed by CT for
several years (20) (Fig. 7).

Meanwhile, mixed nodules are very likely to be an
inflammatory healing process or well-differentiated adeno-
carcinoma. Inflammation, if present, should improve in 2—3
months. If re-evaluation shows no changes at this time, ade-

* nocarcinoma must be considered. Unless there are systemic

contraindications to excision, an open lung biopsy should be
performed. If excision is functionally difficult, broncho-
scopic or percutaneous needle biopsy can be performed for a
definitive diagnosis. If adenocarcinoma is confirmed, radi-
ation therapy can be given (Fig. 8).

Figure 7. High-resolution CT image bf pure GGN. (A)'Atypical adenomatous hyperplasia and (B) adenocarcinoma.



844 Current state of diagnosis of lung cancer

Figure 8.

Figure 9. High-resolution CT image of a solid nodule. (A) Granuloma and (B) squamous cell carcinoma.

Up to 99% of solid nodules are benign lesions like granu-
lomas or hamartomas, but occasionally, they may be squa-
mous cell carcinoma or small cell carcinoma.- Growth of
these cancers is usually very rapid, so on follow-up evalu-
ation after 1 and 3 months, if there is no change, they are
likely benign. If enlargement is noted, malignancy is likely,
and appropriate treatment is necessary. These types of lung
cancers occur almost exclusively in smokers. In patients who
are smokers, particularly careful follow-up observation is
important (Fig. 9).

ADVANCES IN QUANTITATIVE DiaGNosis oF LUNG CANCER

When lung cancer is strongly suspected by imaging diagno-
sis, or lung cancer is diagnosed by bronchoscopy, diagnosing
the extent of progression is also important. Progression of
lung cancer can be by local invasion of surrounding organs,
by lymph node metastases or by hematogenous metastases to
other organs.

To diagnose invasion of surrounding organs, CT with a
contrast agent is useful. If a fat layer between the thoracic
wall or mediastinal tissues is present, the absence of invasion
is often diagnosed.

To diagnose lymph node metastases, CT with a contrast
agent is also useful. For mediastinal lymph nodes, if the
short axis is > 10 mm, the likelihood of cancer metastases is
high. For hilar lymph nodes, although not clearly defined,
even when <10 mm, if lymph nodes are morphologically
round, or there is strong contrast enhancement of lymph
nodes, the likelihood of metastases is high, and a therapeutic
modality is often selected. Recently, diagnosis by FDG-PET

_is being performed, but there are many false positives, so

one cannot be too overconfident.

Hematogenous metastases commonly occur to the lungs,
brain, liver, adrenal glands and bone. For these, whole body
CT with a contrast agent, brain magnetic resonance imaging,
abdominal ultrasound, FDG-PET or bone scintigraphy is
performed.

UNIFORM MANAGEMENT OF MEDICAL
INFORMATION

In the diagnosis of respiratory tract disease, a combination of
imaging modalities and comparison with previous imaging is
important. In particular, chest X-rays that have been taken



during medical check-ups and before treatment of many
diseases are scattered and stored at each medical center.
Because these cannot easily be compared, unnecessary exam-
inations are often performed for benign disease, and malignant
diseases originally diagnosed as benign end up progressing. -

To eliminate this problem, Ikeda et al. introduced the
concept of the ‘personal health data recording system’ in
1983. At that time, the elemental technology was not mature
enough for clinical application, but with today’s information
technology environment, electronic health records (EHRs)
are now possible.

With implementation of EHRs, when a patlent goes to any
medical facility in the nation, that individual’s past medical
history, including laboratory results and treatment, will be
readily available. This will become just like a single medical
facility, in which medical clinics throughout Japan can share
one electronic medical record. This will reduce unnecessary
tests, and comparison with previous imaging studies will be
easy, thus improving diagnostic accuracy. In addition, records
of diagnosis and treatment at each medical facility will always
be accessible, leading to an improved level of medical care.
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