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I) Multi-directional Radiography and Macroradiography of Lymph Nodes

I. Introduction

In lymphangiography, the following radiographic methods are employed as means for enabling detailed
and accurate diagnoses: 1) multi-directional plain radiography ; 2) macroradiography” ; 3) stereoradiogra-
phy ; 4) conventional tomography ; and 5) computed tomography (CT). Multi-directional plain radiography
is the most conventional method ; radiograms are usually taken from four directions to obtain the followings:

An A-P view, a lateral view, and both 45" oblique views.

In this method, it is possible to eliminate overlapping

areas between lymph nodes and bone or other lymph nodes, and obtain complete information concerning the
shape, internal structure, and thickness of the lymph nodes.

M. Wiljasalo® introduced the concept of a projection difference index (PDI) in an attempt to differentiate
between benign and malignant lymph nodes. In the present study, normal and abnormal lymph node rodels
were superimposed upon blood vessel models to verify the diagnostic capability of Wiljasalo’s concept.

II. Procedure
1. Phantom

The lymph node models are composed of polyester resin (Zetf 6.45) mixed with iodine. That is, 20g of
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566 Experiments on the detection of lymphnodes

iodine crystals are dissolved into 80g of 96% ethyl alcohol, producing a 20% iodine solution. Ten g of this
solution is then mixed with 90g of polyester resin, and the resulting 2% iodine-polyester resin mixture is
poured into molds, forming 8 types of lymph node models (No. 1—No. 8) (Fig. 1). No. 2 and Nos. 5—8 are
the spherical type, resembling thickened, metastatic lymph nodes and have a circular shape from both frontal
and lateral views. No. 5—8 have a 3—11.5mm defect in the 19mm-diameter sphere. Nos. 1 and 4 are the
saucer type, resembling normal lymph nodes, and having a circular shape from the frontal view and a flat
shape from the lateral view. No. 3 is the elliptic type, modelled after slightly swollen lymph nodes seen

NO. 1 NO. 2
%n/ °
saucer type spherical type
19m
NO. 3 NO.4
4

8mm
@ en

-7
n elliptic: type saucer type
T T
20mm 20mm
| |
U
—i 2n1rrL-— 2mim—

NO.5~8

NO. | size of the defeot Fig. 2 Blood vessel model within the container.
spherical type 5 7 mm
with defect [ 11.5

7 5

8 3

Fig. 1 Models of normal, swollen, and metastatic
lymph nodes, top and en face view. No. 1:
saucer type (normal lymph node) ; No. 2: spher-
ical type (swollen lymph node) No. 3: elliptic
type (slightly swollen lymph node) ; No. 4: sau-
cer type (normal lymph node) ; Nos. 5—8 : spher-
ical type with defect (metastatic lymph node).
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frequently in lymphogram of urogenital malignancy patients, and having an elliptic shape from both frontal
and lateral views.

Blood vessel models (same outer diameter =18mm, varying wall thickness=from 1.5-—4mm) of the aorta,
inferior vena cava, and iliac artery and vein were placed in an acrylic resin container (Zeff : 6.4, diameter=
18.8cm, height=21.5cm, thickness=5mm) (Fig. 2).

The aorta and iliac arteries were filled with 0.76% and the inferior vena cava and iliac veins were filled
with 0.57% of Urografin®. The container was filled with distilled water.

2. Radiographic conditions and method of analysis

The X-ray apparatus employed was a Toshiba KXO 1250 (focus=1.0mm, FFD=105c¢m), the intensifying
screen was a Toshiba EM, and the film was Fuji RX. Radiography was performed under the following
conditions: 60kVP, 200mA, 0.3 seconds, Bucky (+).

After the lymph nodes models were attached to the blood vessel models within the phantom, radiography
was performed under the above-mentioned conditions from 3 different directions to obtain an A-P view and
both oblique views (RAQ and LAO views) (Fig. 3a, b, ¢).

Spherical type lymph node models (No. 2), modelled after swollen superficial inguinal lymph nodes, were
placed on the outside of the container and were compared with metastatic lymph node models of the same size
and shape (Nos. 7 and 8) attached to the blood vessels (Fig. 4).

In order to evaluate and compare differences in thickness from radiography taken from different angles
in a quantitative manner, a Projection Difference Index (Wiljasalo) (PDI, Px%) was determined. Px% can

b: minimum width of lymph node

be obtained with the following equation :

a. RAO view b. AP view c. LAO view
Fig. 3 No. 1, 3, 2, 5 lymphnode model was attached to the blood vessel model
respectively for a comparison of PDI values between normal and swollen
lymphnodes within the pelvic space.

Px% :iab%blx 1009

a: maximum width of lymph node
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568 Experiments on the detection of lymphnodes

Table 1 The value of PDI (Px %)

multi-directional
lymph node No. radiography CPx %
RAO AP LAO

No.1 13mm 19mm  19mm 46.2%

No.2 22 23 23 4.5%
Fig. 3

No.3 10 14 14 40.0%

No.5 22 23 23 4.5%

No.2 — == 26 -_

No.3 10 12 15 50.0%
Fig. 4

No.4 15 15 8 87.5%

No.8 23 22 22 4.5%

Fig. 4 Spherical type lymphnode model (No. 2)
was placed on the outside of the container which
appeared to be 1.3 times greater in arsa compar-
ed with same size and shape of lymphnode model
(No. 7 and 8) attached to the blood vessel model.
The 5mm defect could be seen clearly (arrow).

III. Results

The values of the PDI (Px%) obtained from the radiograms taken from 3 different directions are shown
in Table 1. The PDI was 40—87.5% for the saucer and elliptic type, whereas they were 4.5% for the spherical
type (swollen nodes) respectively.

The lymph node model (No. 2), attached to the outer surface of the container in order to simulate a
swollen superficial inguinal node, appeared to be 1.3 times greater in area compared with a lymph node model
of the same size and shape attached to the aorta.

The 5mm defect could be seen clearly ; but the 3mm defect could not be identified easily. However, when
macroradiography was performed, it became possible to identify the 3mm defect clearly (Fig. 5).

IV. Discussion

Although the paraaortic lymph nodes and the internal iliac lymph nodes have a tendency to be small and
spherical, normal lymph nodes of the “lymphatic skeleton” are generally flat and elliptical, and are linked to
the pulsating arterial wall. On the other hand, metastatic lymph nodes are usually thickened and spherical
in shape.

As shown in Table 1, the PDI decreases as the normal flat nodes progressively thicken due to cancer
metastatis ; for spherical type nodes, the value is only 4.5%. Because the object-film distance varies slightly
when the direction of radiography is changed, the PDI will never be 09, even for spherical lymph nodes. In
clinical applications, the PDI is an effective means for differentiating metastatic lymph nodes from normal or
benign ones.

PDI of clinical cases were obtained by M. Wiljasalo. His results showed that 97.2% of 373 normal nodes
and 72 benign ones had a Px% =20, and 91.9% of 62 metastatic nodes had a Px9% < 20.

When observing, lymphographically, the change in the size of a lymph node over time, it is necessary to
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Fig. 5 By 25 times macroradiography, 5mm
defect (arrow)(No. 7) and 3mm defect (arrow
head) (No. 8) could be seen clearly, respectively.

take radiograms under constant conditions in order to determine the effectiveriess of the treatment.

Concerning limitations on size when detecting defects, m. Wiljasalo states that detection is possible for
defects over 5mm. In Fig. 4, lymph node models of a 5mm defect (No. 7) and a 3mm defect (No. 8) are
attached to the aorta. When this figure is compared with the image in Fig. 3 of a lymph node model of a 7Tmm
defect (No. 5) at the position of the iliac artery, both the 5mm and 3mm defects can be detected to a certain
extent, but not as obviously as the 7mm defect. Although other complex factors such as patient movement,
respiratory movement, and arterial pulsation need to be considered, the present phantom experiment had
success in detecting defects over 5mm. On the contrary, it is difficult to differentiate these tiny metastatic
defects from those due to hyperplastic follicles. Thus, in order to discriminate between the two, it is
necessary to study the internal structure of lymph nodes in more detail. Macriradiography is an atternpt to
accomplish this task®. Macroradiograms of Nos. 7 and 8 are shown in Fig. 5; even a 3mm defect can easily
be detected. The diagnostic value of macroradiography was further studied in clinical use®.
V. Conclusion

Through phantom experiments employing lymph node and blood vessel models, X-ray analysis of
lymphography was conducted based on the concepts of length, width, and thickness originally proposed by M.
Wiljaslo. It was found that the above concept was an effective means for differentiating metastatic lymph
nodes from normal ones. Although it was possible to detect 5mm defects from multi-directional plain
radiography, macroradiography made more detailed observation possible, that is, even 3mm defects could be
observed through the phantom experiment.

ABFN624F 4 A25H (5)



570 Experiments on the detection of lymphnodes

II) CT Lymphography

I. Introduction

When both lymphography and CT are employed in the determination of the stages of a malignant tumor,
CT can be performed either prior to lymphography (prelymphographic CT with/without contrast enhance-
ment (CE)), or subsequently (post lymphographic CT). In the latter method, it is possible to observe several
artifacts arising from high CT values of contrast material?®.

In this study, as part of basic research into the diagnostic capabilities of postlymphographic CT, phantom
experiments were conducted in order to study artifacts, defect detection capability, discrimination of lymph
node overlapping, and optimal conditions for CT image.

II. Material and Methods

Based on data obtained from lymphograms of clinical cases, a diluted solution of 76% Urografin @ was
poured into the aorta and the iliac arteries to a CT value of 120 H.U., and into the inferior vena cava and iliac
veins to a CT value of 100 H.U., in accordance with the conditions under which CE with venous injection was
conducted.

The CT values of the lymph node models (Nos. 1—8) (Fig. 1) were between 600 and 800 H.U., roughly
equivalent to the CT values of an opacified lymph node of the patient approximately one week after
lymphography.

The CT apparatus employed was a GE CT/T 8800, scan conditions were 120k VP, 200mA, and scanning
time was 5.8 seconds. A Yokokawa multi-format camera was used, with Kodak NMB film.

The lymph node models were attached to the container as shown in F ig. 6 and 7, scanning was conducted
twice, once for a 5mm-thick slice, and again for a 10mm-thick slice.

Radiographic conditions were set at conditions under which blood vessels and lymph nodes are revealed
clearly (window width, 500—600, window level, 100— 150). Furthermore, for measurement of defects, the
value of the level was assigned to be the average of the CT values of the defect and the opacified lymph node.
All phantom experiments were conducted under static conditions.

Fig. 6 No.1,2,53 lymphnode model attached to Fig. 7 No. 8, 6, 7, 1 lymphnode model attached to
the blood vessel model, respectively. the blood vessel model, respectively.

(6) HAERKSEE 478 45
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III. Results
1) Window width
Overlapping or conglomerate formations of lymph nodes could be distinguished by raising the window
width.
a, window width 500 (Fig. 8a)
b, window width 1,000 (Fig. 8b)
In b, it was possible to discriminate 2 different lymph nodes.
2) Slice thickness
Scanning was performed at a constant window level for the two thicknesses below :
a, bmme-thick slice
b, 10mme-thick slice
The partial volume effect was more prominent in the 10mm-thick slice (Fig. 9a) than the Smm-thick slice

(Fig. 9b).
8a 8b

Fig. 8 Comparison of each CT image at the same level.

Fig. 9 Scanning was conducted twice at the same level, once for a Smm-thick
slice (a), again for a 10mm-thick slice (b).
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1lc

Fig. 11(a,b,c) The defect of the lymphnode model could be seen differently under the various CT conditions.
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12a 12b
Fig. 12 CT image at the same level. The size of the defect was measured most
accurately under the condition of (b).

Under optimal conditions (window width 600, window level 340), it was possible to detect even 3mm
defects (No. 8 in Fig. 1) (Fig. 10).

Under CT conditions (window width 600 and window level 120) (No. 6 in Fig. 1), even a 6.6mm defect was
sometimes undetected, Fig. 1la ; whereas scanning with a window sidth and level of (b) and (c) revealed the
defects.

b), window width 600, window level 310.

¢), window width 1000, window level 160.

In order to identify defects under same CT conditions as in Fig. 1la, it was necessary for the defect to
be over lcm in size (Fig. 12a).

I1V. Discussion

Although artifacts resulting from highly opacified lymph nodes are mentioned as a drawback of post-
lymphographic CT examination, obvious artifacts were not produced in these phantom experiments.
Consequently, efforts to minimize body movement during scanning make it possible to obtain & clear image
in clinical cases as well. During CT examination, peristalsis and respiratory movement are suppressed by the
administration of parasympathetic blockers and holding the breath, respectively. The problem is the
pulsating movement of the arteries, to which the lymph nodes are closely attached.

Seibert” conducted a phantom experiment concerning measurement of the size of spinal cord by
metrizamide CT. According to Seibert, when the window was set equal to the averaged CT value of the
spinal cord and opacified thecal sac, the measured size of the spinal cord most nearly approximated its actual
size. Applying his findings to this study, the size of the defect was measured by assigning the average CT
value of the defect and the lymph node to the value of the window level which was verified in this experiment
(Fig. 12b).

Under optimal conditions, this CT method has a detection capability of 3mm defects nearly equivalent to
that of macroradiography. However, at clinical CT conditions (window width ca. 400 and level ca. 120), small
defects could not be observed due to the partial volume effect. Since 10mm-thick slices are common in actual
clinical situations, a size of over 10mm is necessary for the reliable detection of defects. In conventional
lymphography, 10mm is the size for which detection of defects can be made with certainty® ; and, as
mentioned earlier, it is also possible to detect 3mm defects by macrolymphography.

V. Conclusion

Post-lymphographic CT analysis was conducted. By reducing the slice thickness, it was possible to

obtain a better image with less partial volume effect. By making the slices thinner, or by selecting an optimal
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574 Experiments on the detection of lymphnodes

window width and level, it was possible to discriminate overlapping of lymph nodes or to detect defects within
the lymph nodes. However, in routine CT examination, it is not possible to detect defects unless they are
over lcm in diameter.
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