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Introduction

Dual-energy scanned projection radiography has evolved from CT localization technology"?. Only a few
clinical studies have been reported using this technique?¥s'®, The eventual clinical application of dual-

energy subtraction radiography (DES) could not be understood from these literatures.

To clarify the

situation, a preliminary investigation was performed comparing the DES images of a chest phantom obtained
by a single-exposure technique relative to similar images obtained with the dual-exposure/dual-kVp tech-
nique. We then assessed the clinical value of DES in a large group of patients suspected of pulmonary cancer
by comparing bone and soft tissue emphasized DES image pairs relative to conventional computed radio-

graphs.

* The imaging plate is the image receptor used with the FCR systern®.
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456 One shot energy subtraction for pulmonary cancer

There are two methods for producting DES image pairs: These are the single-exposure/detector
technique and the dual exposure technique. In the dual-exposure technique, two separate radiographs are
obtained using different kVp's. Registration of the two original images is difficult due to the presence of
respiratory, cardiac and other motions. In the single-exposure/dual-detector technique, two detectors are
placed one behind the other. The detectors may be conventional radiographic films with energy separation
provided by a metallic energy selective X-ray filter” or by the use of a combined high and low atomic number
detector pair®. Other detector pairs may be used. In this method, the first detector records a signal which
is preferentially derived from the lower energy components of the X-ray beam. The beam, in passing through
this detector, and perhaps an additional filter, is hardened before it reaches the second detector. The signal
recorded by the second detector is mainly derived from the higher energy components of the beam.

Materials and Methods

Our single exposure subtraction method utilizes the Fuji Computed Radiography System (FCR) manufac-
tures by the Fuji Photo Film Co. Ltd., Japan. As shown in Fig. 1, the radiographs for single-exposure
subtractions are taken using a 35cmx35cm cassette containing a front imaging plate (IP)*, a 1mm thick
copper filter and two back imaging plates. The DES cassette is exposed in exactly the same manner as any
film-screen cassette. Conventional radiographic equipment and techniques were used for this study.

The energy subtraction image pair consists of a bone cancelled image and a softtissue cancelled image.
These images are computed using the following procedure :

1. The two rear image plates are combined to produce a high energy image with an improved Signal to
Noise Ratio (SNR). A weighted sum is obtained from the images on IP (II) and IP (I1I). The weighting
factors T1 and T2 are chosen relative to the X-ray dose absorbed by each IP:

Shv=(T1xShvl+T2xShv2)/(T1+T2)
where

Shv  is the output high energy image signal

Shvl is the high energy image signal from IP (1)

Shv2 is the high energy image signal from IP (III)

T1, T2 are proportional to the doses received by IP (II) and IP (III) respectively.

2. Energy subtraction is performed using Brody’s'® Compton/Photoelectric decomposition methodology.

Ssub=K1 xShv—-K2xSlv+K3
where

Ssub is the energy subtraction image signal

Shv  is the high energy image signal with improved SNR

Slv is the low energy image signal from IP (I)

The weighting factors K1 and K2 are chosen so that the representation of either bone or softtissue is
cancelled. The signal offset K3 is chosen so that the output signal is optimized to the FCR system’s display
range.

3. Unsharp masking is performed on each image to enhance the display of high frequency information.
The images are then processed to invert the grey scale and improve contrast. They are finally printed on to
film as minified images (17.5cmx17.5cm). The elapsed time for the processing of each energy subtracted
image is approximately 20 minutes on our prototype FCR system.

Preliminary experiments were performed using anthropomorphic chest phantom (Humanoid Systems, U.
S.A)). Single exposure radiographs were obtained at 140 kVp, 100mA, 0.25 sec. using a 10 : 1 grid and a 200cm
FFD. Compariscon dual exposure images were obtained by radiographing the phantom at 80 and 140 kVp.
Image plates and Brody’s method were used for this latter series.

In the clinical study, erect. posteroanterior chest radiographs of patients with suspected pulmonary cancer
were obtained using the same technical factors as in the single exposure phantom study. Two hundred and
six patients in our hospital were studied during the period from November 1984 through December 1985. The
following studies were performed on this group of images:
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T. Takashima 457

Table 1 The anatomical regions for scoring and
the list of clinically relevant objects on the
subtracted films

On the softtissue film
I. softtissue of thoracic wall

metal filter (i . s .
II. mediastinum and hilar regions

Il trachea and major bronchi
— IV, pleura
e V. lung fields
x-ray a) nodular shadows
L IP IP IP b) consolidation and atelectasis
(1) (m) (zm) ¢ ) septal line (lymphangitic metastasis)
On the bone film
high energy image — low energy image = subtracted image I. skeletal thorax
EERElSE ) IPA(T) (ribs, spine, scapula, clavicle)

II. lung fields

Fig. 1 Shematic representation of single exposure
calcification in nodular shadows

energy subtraction technique.

1. Technical quality of the subtractions.

2. Radiographic diagnosis of probable pulmonary cancer performed by interpreting a non-subtracted
digital radiograph: The radiograph was obtained from the front imaging plate in the cassette. These
images were processed to resemble conventional film-screen radiographs.

3. Evaluation of the bone (softtissue cancelled) and softtissue (bone cancelled) subtraction radiographs :
This evaluation was made in relation to the unsubtracted digital radicgraphs obtained as described above.
The single and DES images were therefore obtained from the same radiographic exposure.

The subtraction images were reviewed with three radiologists and scored as follows :

(++) The abnormality was seen on one or both of the two subtractions: It was not seen on the
unsubtracted radiograph.

(+) The subtractions confirmed or clarified the findings on the unsubtracted image. These images
helped to establish the existence of suspicious findings on the conventional images or helped in the evaluating
the nature of these findings.

(0) The subtractions added no new information to the findings on the conventional image.

When there was intraobserver disagreement, the score which was agreed upon by two observers was
employed.

The images were evaluated for abnormalities of several kinds in several anatomical regions. The
scoring regions and a listing of clinically relevant objects are given in Table 1.

Results of the Phantom Study

A comparison of the subtracted image pairs of the phantom clearly shows that both of the single-exposure
images are noisier than the corresponding images obtained using the two-exposure technique ; furthermore,
there is less complete subtraction using the single-exposure technique. There are residual pulmonary
vascular and heart shadows on the bone image (Fig. 2B) as well as residual rib and clavicular shadows on the
softtissue image (Fig. 2A); there are no registration artifacts around the pulmonary vessels, hemidiaphragma
and heart in the single-exposure images. Even in the motionless phantom study, misregistration artifacts are
recognized in the two-exposure images around the left side of the heart and the hemidiaphragm on the bone
image (Fig. 3B).

AEFN624F 3 A25H (13)



458 One shot energy subtraction for pulmonary cancer

A. softtissue film (bone cancelled film). B. bone film (softtissue cancelled film).

A. softtissue film. B. bone film.
Fig. 3 Chest phantom radigraphs with dual exposure.

Results of the Clinical Study

1. The subtracted images of 6 patients were excluded from the study due to poor image quality.

2. No abnormality was seen in 34 patients, a definite abnormality was seen in 153 patients. In the
remaining 13 patients, it was impossible to determine whether or not pathological findings on the images were
indicative of pulmonary cancer.

3. On 153 of the soft tissue images there were no cases which demonstrated superiority of the subtrac-
tions in the thoracic wall, mediastinum and hilum, pleura, or in cases of non-nodular parenchymal disease
(Regions I, I, IV Vb, V¢ respectively). In the trachea and major bronchi (III), a total of 11 of 32 images (34%)
demonstrated effectiveness of the softtissue image (Table 2, Fig. 4). In the case of lung nodules (Va), 134
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Table 2 Abnormality of trachea and major

bronchi
obstruction and " .
narrowing dislocation
) 0 1 1
11034
-+ p 6 w} (34%)
0 4 17 21

32

Table 3 The detection of nodular shadows

=10mm 11-=20mm 21~ =30mm 3lmm< Total
(4+) 1 3 ] 0 4 b
17(13%
-+ 5 7 1 0 13 } %) _
(13 patients)
0 22 21 37 37 117
28 31 3B 37 134

excluded patients with multiple (N >4)nodules.

A. conventional digital film. B. softtissue film: narrowing of intermediate
bronchus is easily visible comparing with A.

Fig. 4 Chest radiographs of patient with right small cell cancer.

uncalcified nodules were examined (Table 3). Patients with multiple (N >4) nodules were excluded. The
softtissue DES images were confirmatory or clarifying in 13 of these nodules. Four nodules were only seen
on DES images. All but one of these nodules were less than 20mm in size and were mainly obscured by rib
shadows on conventional images. In a total of 17 nodules in 13 patients, the softtissue images might be of
diagnostic value (Fig. 5, Fig. 6).

On 153 bone films, there are 24 osteolytic lesions of the ribs and no osteoblastic lesions (Table 4). In 8

BEFN624FE 3 A25H (15)



460 : One shot energy subtraction for pulmonary cancer

h
A. conventional digital film : pulmonary nodule B. softtissue film shows clearly the lesion.
is obscured by rib and scapula.

Fig. 5 Chest radiographs of patient with leftmiddle lung nodule (adenocarcinoma).
= T4
‘ b ' -

A. conventional digital film: a small lesion is B. softtissue film shows the lesion more clearly.
partially obscured by ribs.

Fig. 6 Chest radiographs of patient with right low middle nodule (hamartoma without. calcification).
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Table 4 Bony abnormality
(rib defect)

) N, .

i . } 8(33%)
0 16
24

no abnormality in other parts of
skeletal thorax except ribs.

461

Table 5 Calcifications in pul-
monary nodules

) AR R,
Y -} 1%
0 123

134

Table 6 The number of abnormal findings (and patients)in which the

subtracted films were usefull

Softtissue image

Bone image

v Total
I nomy————————m- I 11
a b c
(H) 0 0 1 0 4 0 0 1 4 10
(+) 0 0 10 0 13 0 0 7 7 37
11 17 8 ! 11 47
(11patients) (13patients) (8patients)  (1lpatients) (42patients)*

*a patient with which abnormalities of trachea and of rib coexist both.

A. conventional digital film: lytic metastasis of
right 6th rib is demonstrated.

B. bone film: lytic lesion of 7th rib, which is
obscured by hilar shadow on A, are particulary

well detectable.

Fig. 7 Chest radiographs of patient with two osteolytic lesions of ribs (6th and 7th).

BRFN624F 3 A25H (17)
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One shot energy subtraction for pulmoenary cancer

A. conventional digital film. B. bone film confirms calcification in the lesion

which is suspicious on A. Multiple costochon-
dral calcifications are well demonstrable also.

Fig. 8 Chest radiographs of patient with right upper nodule (granuloma).

e

A. conventional digital film. B. bone film shows diffuse calcification in the
lesion as new information which is not visible on
A,

Fig. 9 Chest radiographs of patient with small nodule in left upper lung field.
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of these 24 lesions, which obscured by surrounding softtissue, bone images were effective for detection (Fig.
7). There were 134 nodules in which calcification could not be definitely identified on the conventional
images. These nodules were examined on the bone image (Table 5), the DES images were useful for the
detection of calcification in 11 of these nodules (Fig. 8). In 4 of these 11 nodules, the calcifications were
detectable only on the bone DES image (Fig. 9).

Discussion

The single-exposure/dual-detector technique reduces misregistration problems in DES imaging at the cost
of reduced image quality. Although the FCR system is capable of compensating its detection parameters for
the different X-ray fluence recorded by each detector, it cannot compensate for the reduced SNR’s due to the
low doses received by the rear image plates. In addition, the copper separation filter produces a less complete
subtraction than the two-exposure/dual-kV technique. The imperfect separation results in insufficient
cancellation ; for example, the residual pulmonary markings on bone films and the residual rib shadows on soft
tissue films. The low photon fluence reaching the rear IP’s results in increased noise and poor demonstration
of objects behind high contrast structures. For example, the spine is not visualized behind the heart
silhouette on bone films. In addition, the overall single exposure subtractions are noisier than the correspond-
ing two exposure images. Low contrast objects or those objects such as septal lines which require high
spatial resolution are less well visualized using the single-exposure technique.

The single-exposure technique is useful in clinical chest films where misregistration artifact lirnits the
applicability of the two-exposure technique. Our overall results are presented in Table 6. In our series, DES
provided the following results: The visualization of airways is enhanced and the detection of pulmonary
nodules lying under the ribs is improved on the softtissue image (Tables 2, 3). The visualization of osteolytic
rib lesions is enhanced, and the evaluation of calcification in nodules is confirmed in the bone image (Tables
4,5). In this series of 200 patients with suspected lung cancer DES provided new, clinically useful information
in 10 cases (5%). In an additional 37 cases (16%) DES provided improved information which supported the
findings on the conventional images. These results support the clinical use of subtracted films. DES appears
to offer radiologists the advantage enhanced conspicuity of the leisons by reducing the distraction of
“unwanted” structure!®'?,

The presence of radiographically demonstratable calcification in a solitary pulmonary nodule is the most
important determinant of benignancy. The positive identification of diffuse or minimal calcification is not
always possible with conventional radiographic techniques or with conventional tomography'®. In 11
nodules, the bone films are useful for detecting calcification, especially in those 4 nodules where calcification

was not seen in the plain film. At this point, the advantage of DES over conventional radiography have been
previously reported by Brody® and Kruger'®. The question arises as to whether the ability of the detection
of calcification in nodules on the subtracted films holds diagnostic significance.

The detection of metastatic disease involving the bony thorax is an important factor in the therapy of
pulmonary cancer. The potential of DES for lesion detection in comparison with bone scintigraphy must
await further study. DES may also be useful to detect small nodules in lung fields and to demonstrate
abnormalities of the airways without the use of techniques such as conventional or computed tomography.

These results support the concept that DES might be a part of plain roentgenographic examinations using
standard X-ray systems. Two DES images (bone image and softtissue image) might be placed next conven-
tional image on the view box and provided for interpretation at same time, even in future when DES system
become an accomplished modality technically. That is the reason why our scoring method is employed for
the clinical evaluation of subtracted images in this study. It could provide additional information at low cost
and with rapid throughput. Furthermore, it is important to be simplified and reproductive for the clinical
utilization. There were only 6 cases (2.9%) in which DES was technically inadequate in our series. So, the
single exposure technique looks promising. Future efforts must be directed toward the investigation of the
technique and the improvement of image quality.

FRFN624E 3 H25H (19)
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