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the Anti-Lung Cancer Association (ALCA), a for- proﬁt orga-
nization for lung cancer screening.”®*! Each screening con-
sisted of a low-dose helical CT examination, chest radiogra-
phy, and cytologic sputum studies. During this period, a total
of 15,938 low-dose helical CT examinations were performed
in 2052 ALCA members. Among the low-dose helical CT ex-
aminations, a total of 1566 CT examinations were judged as
having abnormal findings requiring further examination.
Sixty-seven cases of lung cancer (peripheral-type lung cancer,
61; hilar-type lung cancer, 6) were detected during the ALCA
lung cancer screening project. Out of these 67 cases, 51 cases
(76%) were pathologic stage IA. The treatments used in the 67
cases were as follows: surgery (n = 55), radiotherapy (n = 5),
radiotherapy and chemotherapy (n=2), chemotherapy (n=4),
and photodynamic therapy (n = 1). Among the patients with
peripheral nodules detected by the low-dose helical CT exami-
nations performed every 6 months, the patients with histologi-
cally diagnosed nodules exhibiting pGGO larger than 5 mm in
diameter at the time of the first thin-section CT and followed-
up by thin-section CT for more than 6 months were enrolled in
the current study.

cT Scanning Conditions

A TCT900S Superhelix CT scanner (Toshiba Medical
Inc., Tokyo, Japan) was used for all of the examinations. Low-
dose helical CT screening was performed under the following
conditions: 120 kV, 50 mA, beam width of 10 mm, 1 rotation
of the x-ray tube per second, and a table speed of 20 mm per
second (pitch 2:1). Reconstruction was performed at intervals
of 10 mm. The CT images were displayed on a monitor with a
window width of 2000 HU and a window level of <700 HU. if
newly developed nodules were identified, thin-section CT ex-
aminations were performed under the following conditions:
120 KV, 250 mA, beam width of 2 mm, 1 rotation of the x-ray
tube per second, and a table speed of 2 mm per second (pitch
1:1). Reconstruction was performed at intervals of 2. mm using
a thin-section CT algorithm.

Evaluation of pGGO Progression Patterns

The progression patterns were classified based on
changes in the size and density of the pGGOs on the thin-
section CT images. The study period was divided into 2
phases: the unidentified phase (ie, the period prior to the first
thin-section CT scan) and the follow-up phase (ie, the period
after the first thin-section CT scan). CT images of the pGGOs
in the unidentified phase were reviewed independently by 4
physicians (RX., M.K., HO., K.E.), who are diagnostic ex-
perts in chest radiology, and by 1 radiologist (M.K.). CT find-
ings were adopted as positive findings if 3 of more of the doc-
tors agreed. After the independent reviews, we decided by con-
sensus as to how many pGGOs were newly developed or had
arisen from inconspicuous nodules during the helical CT
screening period. In the follow-up phase, the size of the
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pGGOs was measured with a pair of calipers on the thin-
section CT images obtained during the initial scan and the final
scan by consensus of 2 diagnostic experts (R.X., M.K.} to as-
sess doubling time, The size of the lesion was evaluated using
measurements that passed through the center of the lesion. Size

‘was defined as the average of the length and width of the le-

sion. Doubling times were calculated using the Schwartz equa-
tion.? The density of faint opacities was evaluated visually on
the thin-section CT images obtained during the follow-up
phase. pGGO was defined as a homogeneous GGO, and mixed
GGO was defined as a GGO with a solid component.

Pathologic Classification of Adenocarcinomas

The histologic findings of the adenocarcinomas were
classified according to the criteria of the World Health Orga-
nization (WHO)?* and the criteria of Noguchi et al.** The clas-
sification system for replacement growth patterns developed
by Noguchi et al is as follows: type A (localized bronchioloal-
veolar carcinoma; LBAC), type B (LBAC with foci of col-
lapsed alveolar structure), and type C (LBAC with foci of ac-
tive fibroblastic proliferation).

RESULTS

Patient Characteristics

Eight patients with pGGOs (6 men and 2 women) were
enrolled in the current study (Table 1). The patients ranged in
age from 49 to 69 years (mean, 64 years). With regard to smok-
ing history, 3 patients were nonsmokers, 4 were ex-smokers,
and 1 was a current smoker. Four of these 8 pGGO patients
were not apparent durmg the initial screening and became ap-
parent during the screening period, and 3 of the other 4 pGGO

_ patients with inconspicuous opacities visible in retrospect dur-

ing the initial screening became apparent later. In 1 other case,
a conspicuous opacity and miultiple old tuberculosis lesions
were observed during the initial CT screening. The locations of
the pGGOs were as follows: right upper lobe (n = 4), right
lower lobe (n = 1), left upper lobe (n = 1), and left lower lobe
{n=2).

Clinical Course

The pericd between the first visible nodule of a pGGO
on a thin-section CT image and the first visible opacity on a
helical CT screening image when viewed retrospectively
ranged from 13 to 46 months (mean, 22 months) (Table 1}. The
period between the first thin-section CT examination and the
surgery ranged from 7 to 39 months (mean, 19 months). The
interval between the last thin-section CT examination and sur-
gery ranged from 1 to 98 days (mean, 32 days).

Histology of GGOs

Seven patients had bronchioloalveolar carcinoma
(BAC), defined as noninvasive by the WHO classification in
1999, and 1 had an adenocarcinoma with mixed subtypes
(Table 1). Based on Noguchi’s classification for small adeno-

© 2004 Lippincott Williams & Wilkins



g

/

el

| Comput Assist Tomogr » Volume 28, Number 1, January/February 2004 Progression of Focal pGGO Détected by Low-Dose Helical CT

TABLE 1. Clinical Characteristics and Histology of Ground-Glass Opacities

Period Between
- Histology
Ageat First Visible The First TS-CT  The Last TS-CT
Case Detectlon  Smoking and the First and Surgery and Surgery WHO Noguchi
No. Sex (Years) Index Development Lobe TS-CT (Months)* (Months)* (Days) Classification . Type
1 M 69 1300 New RU 41 13 1 C Ad. C
2 M 69 800 (ex) New RU 13 19 36 BAC B
3 F 66 Non New LL 13 14 33 BAC A
4 M 66 450 (ex) New LU 18 26 9B BAC A
5 F 65 Non ic L 46 28 13 BAC B
6 M 69 800 (ex) ic - RU 21 12 13 BAC A
7 M 49 515 (ex) ic RU 14 10 . 6 BAC A
8 M 63 Non ¢ RL 13 7 57 BAC B

Non, nonsmoker; ex, ex-smoker; ic, inconspicuous; ¢, conspicuous; RU, right upper lobe; LU, left upper lobe; LL, left lower-lobe; TS-CT, thin-section CI‘

BAC, bronchxoloalveolar carcinoma; Ad, adenocarcinoma,
*Number of months was rounded.

carcinomas, the pGGOs consisted of 4 cases of type A and 2
cases of type B while the mixed GGOs consisted of 1 case of
type B and 1 case of type C (Tables 1, 2). All the lung cancers
were diagnosed at pathologic stage 1A,

Progression of pGGOs

The period between the first thin-section CT and the fi- -
nal thin-section CT examinations ranged from 6 to 37 months
(mean, 17 months) (Table 3) The opacities ranged in size from
6.5 mmto 17.mm (mean, 10 mm) at the time of the first thin-
section CT examination and from 7 mm to 16.5 mm (mean,
10.5 mm)} at the time of the final thin-section CT examination.

The progressions of 8 opacities in the follow-up phase were
classified into 3 types: increasing in size (Increasing type, n=
5}, decreasing in size and the appearance of & solid component
(decreasing type, n = 2), and stable in size and increasing in
density (density type, n = 1). In addition, the decreasing type
was classified into 2 subtypes: a rapid-decreasing type (case 1,
Fig. 1; decrease in size at the time of the 6-month follow-up)
and a slow-decreasing type (case 2, Fig. 2; decrease after fol-
low-up for more than 1 year). All but 1 of the follow-up cases
were noninvasive, and the remaining GGO with a solid com-
ponent was judged to be minimally invasive adenocarcinoma
because the size of the collapse fibrosis was only 2 mm in di-
ameter {Fig. 1F).

TABLE 2. Thin-Section CT Findings, Progression Tybes, and Doubling Time of Ground-Glass Opacities

Follow-Up Phase with Thin-Section CT

GGO Size (mm) Final TS-CT of GGO Period of Follow-Up

Case : Progression with TS-CT GGO Doubling
No. First Final  Density Solid Finding Type {Months)* Time (Days)

1 17 12 Increasing + Mixed Dec 12 -214

2 14 12 Increasing + Mixed Dec 37 ~1680-

3 6.5 7.5 Stable - Pure Inc 13 617

4 7 10.5 Stable - Pure Inc 22 383

5 7 7 Increasing - — Pure Den 27 —

6 8.5 9.5 Stable - Pure Inc ' 12 ‘ 669

7 6.5 9 Stable - Pure Inc 10 216

8 13.5 16.5 Stable - Pure Inc 6 T 198

CT, computed tomography; GGO, ground-glass opacity; TS-CT, thin-section computed tomography; Ine, i mcreasmg, Dec, decreasing; Den, density.,

*Number of months was rounded.
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TABLE 3. Evolution of Solid Components in
Ground-Glass Opacities

Follow-Up Phase with TS-CT

Solid Size (mm)
_ . Months After the First TS-CT '
Case  First Doubling Time
No. TSCT 6 11 23 36 (Days)
1 0* 8 14*
2 0o — 2 3 7.5 130%

TS-CT, thin-section computed tomogmphy.

*Doubling time of solid component in case 1 was calculated on the as-
smnpuonﬁmtmeﬁrstmewasos mm.

{Doubling time of solid component in case 2 was calculated based on the
sizes between 11 months end 36 months after the first TS-CT.

- Doubling Time
The doubling times of the increasing-type opacities
ranged from 198 to 669 days (mean + SD, 417 £ 220 days). The
doubling time of the density-type opacity could not be calcu-
lated because it did not change in size. For the decreasing-type
opacities, the doubling times were calculated based on the
. sizes of the pGGOs and the solid components, individually. In
case 1, the doubling times of the pGGO and the solid compo-
nent were —214 and 14 days, respectively. In case 2, the dou-
bling times of the pGGO and the solid component wer%GSO
and 130 days, respectively. _

Correlation of Thin-Section CT Images and
Pathologic Findings

The pGGO corresponded to the lepidic growth of cancer
cells (Fig. 1E), the thickening of the alveolar wall (Fig.. ‘1E),
and the collapse of the alveolar space (Fig. 1E). Solid compo-
nents corresponded not only to the collapse of the alveolar
- space and fibrosis (Fig. 1F and Fig. 2G), but also to a severe
narrowing of the alveolar space (Fig. 1F). With the develop-
ment of a solid component in case 2, the distancg between the
surrounding pulmonary veins and the bronchus gradually nar-
rowed (Figs. 2C-F). The same finding was observed in case 1

(Figs. 1C, D).

DISCUSSION

To our knowledge, this study is the first report to de-
scribe the progression of pGGOs in minute lung cancers that
appeared as new pGGOs during the screening process or arose
from inconspicuous minute nodules on low-dose helical CT
screening images obtained at 6-month intervals. In addition,
the progressions of the pGGOs on the thin-section CT images
were classified into 3 types for the first time. Although a few
papers have described the natural history of GGOS in pulmo-
pary adenocarcinoma,®”'2!5-17 only 1 researcher'® reported 2
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~ GGOs that decreased in size, but the size reduction occurred in

mixed GGOs, not in pGGOs. The rapid decreasing of a pGGO
and the appearance of a solid component has not previously
been reported.

Radiologic-pathologic correlations revealed that pGGOs
on thin-section CT images mainly represent the lepidic growth
of adenocarcinomas.!>*121-17 §olid components in the
mixed GGOs were caused by the collapse of alveolar spaces or
regions of fibrosis'? and by a severe narrowing of the alveolar
space (case 1). The narrowing of the distance between the sur-
rounding pulmonary vessels and the bronchus was caused not
only by the collapse of the alveolar space (cases 1 and 2), but
also by the development of fibrosis (case 1) in the pGGO le-
sions. This finding has been termed “vessel conver-
gence.”">'5!7 Based on our observations of the progression
from a pure GGO to a mixed GGO in cases 1 and 2, our results
also support the stepwise progression of replacement type ad-
enocarcinoma, #1347

Although 1 researcher ralsed serious questlons about the
concept of 2-year stability implying benignity,?® pulmonary
nodules are generally considered to be benign if they remain
the same size or decrease in size over a 2-year observation
period.?%?7 However, our results show that stability or reduc-
tion in size over a 2-year period does not necessarily indicate
benignity. In the case of a pGGO that decreases i sdn size, can the
Schwartz equation be applied fo a change from a pGGO to a
mixed GGO if the area of the GGO decreases? Usually, the
Schwartz equation is based on the assumption that constant
exponential tumor growth is thie basic pattern of neoplastic
proliferation.?? The doubling time for mixed GGOs has been
reported to be 457 + 260 days.*® However, progression to a
mixed GGO in a case where the pGGO decreases in size and a
solid component simultaneously appears has not previously
been reported. Moreover, the calenlation of doubling titnes for
each component in a mixed GGO has never, to the best of our
knowledge, been performed prior to the current study. The
doubling time for the solid component in case 1 was calculated
based on the assumption that the initial size of the solid com-
ponent was 0.5 mum, this because the thin-section CT images-
were taken not only by the single-slice CT scanner described
above, but by a multislice CT scanner with the imaging param-
eters set at 0.5 mm * 4 rows and image reconstruction per-
formed at 1-mm intervals.

Whether pGGOs should be resected or followed up is
controversial. Definite evidence of the natural history of pGGOs
does not exist at present. However, based on the indirect cor-
roboration described below, we suggest that close follow-up
until the appearance of a solid component may be a valid op-
tion for the management of pGGO. First, most pGGOs are ei-

ther atypical adenomatous hyperplasia (preinvasive lesions ac-
cording to the 1999 WHO criteria), BAC (a noninvasive le-
sion), or minimally invasive adenocarcinoma.!®?? Second, 1
researcher’ has previously reported information concerning
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FIGURE 1. Case 1: Adenocarcinoma in a 69-year-old man. A, A faint localized increase in density was identified in segment 1 of
the right upper lobe of the lung on a CT screening image obtained in December 2001, B, In retrospect, the opacity was also
present on a CT screening image obtained in June 1998, C, Thin-section CT image obtained in December 2001 showing a pGGO
in segment 1 of the right upper lobe of the lung. D, Thin-section CT image obtained in June 2002 shows a decrease in the size
of the pGGO and the appearance of a solid component. E, Medium-magnification image of the pathologic specimen (H&E
staining, X 40). Thickening of the alveolar walls as a result of the tumor cells is visible. F, Medium-magnification image of the
pathologic specimen (H&E staining, X40). Severe narrowing of the alveolar space from the thickening of the alveolar walls and
an area of collapse-fibrosis with active fibroblastic proliferation are visible. A right upper lobectomy was performed in January

2003. The lesion was diagnosed as an adenocarcinoma, 17 mm in diameter (Noguchi type C). The size of collapse- fibrosis was

2 mm in diameter,

the natural history of pGGOs after conducting a long-term fol-
low-up study lasting more than 2 years. Five of the 19 cases of
pGGOs were diagnosed as lung cancers, that is, 5 BACs (1
case had 2 BACs) and 1 adenocarcinoma, after a mean follow-
up, of 61 months. Although the patient with adenocarcinoma
was followed up for 124 months, personal communication
with the author revealed that his lung cancer was of pathologic
stage IA and that the size of the central fibrosis of the adeno-
carcinoma was less than 3 mm in diameter, We have also ex-
perienced 2 other pGGOs that developed into mixed GGOs
after a 1-year and a 3-year follow-up period, respectively (un-
published data). These lesions were diagnosed as pathologic
stage IA adenocarcinomas, and the size of the central fibrosis
was 1.5 mm and 2 mm in diameter, respectively. Regarding the
relationship between central fibrosis and prognosis, our re-

© 2004 Lippincott Williams & Wilkins

search team™ previously reported that 21 out of 100 patients
with a lung adenocarcinoma that was 3 ¢m or less in diameter
and which had a central fibrosis of § mm or less in diameter had
a 5-year survival rate of 100%. Therefore, the aderiocarcinoma
follow-up cases described above and in this study were thought
to be minimally invasive, allowing the possibility of a cure.
Third, the adenocarcinoma cases with mixed GGOs did not
experience any relapses or deaths, even though the solid com-
ponents of the GGOs became larger but remained less than
50% of the mixed GGO nodule, this from the standpoint of the
GGO’s length,*' the vanishing ratio of GGO'° (“air-
containing type”), and the volume of the GGO:? Finally, ad-
enocarcinoma pGGOs tend to grow slowly, as the mean dou-
bling time of pGGOs has been reported to be 813 days?® or 880
days.'? In addition, one-fourth of the GGOs in 1 study were
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FIGURE 2. Case 2: Bronchioloalveolar carcinoma in a 69-year-old man. A, A faint localized increase in density was identified in
segment 1 of the right upper lobe of the lung on a CT screening image obtained in February 1999. B, In retrospect, the opacity
was also visibleon a CT, screening image obtained in February 1998. C, Thin-section CT revealed a pGGQ in segment 1 of the right
upper lobe of the lung in March 1999, D, Thin-section CT image obtained in February 2000 showing a pGGO with a small solid
component. E, Thin-section CT image obtained in February 2001 showing a decrease in the size of the pGGO and a slight increase
in the size of the sofid component. F, Thin-section CT image obtained in February 2002 showing a larger decrease in the size of
the pGGQ and an increase in the size of the solid component. G, Low-magnification image of the pathologic specimen (H&E
staining, X 5). The foci of alveolar collapse (asterisks) are shown. A right upper lobectomy was performed in May 2002, The lesion

was diagnosed as a bronchicloalveolar carcinoma, 15 mm in diameter (Noguchi type B).

stable after a mean follow-up period of 16 months,!” whereas
half of the pGGOs in another study showed no change in size
after a median follow-up period of 32 months.” Therefore, the
classification of some pGGOs may be affected by an overdi-
agnosis bias. _

This study has some limitations. First, the period of
pGGO development was not accurately assessed because only
thick-sectioned screening CT images were available for the
unidentified phase. Therefore, the partial volume effect af-
fected the detectability of small faint opacities on screening CT
images. Multislice CT imaging using a narrow collimation and
thinner reconstruction images may reveal the natural history of
pGGOs more precisely. Second, measurements made with a
pair of calipers to calculate doubling times may lead to mea-
surement errors. Although technical advances have been re-
ported,***? we did not have any commercial software for vol-
ume measurements. Third, our study cohort was very small, At
the start of the helical CT screening project, surgery without
follow-up tended to be recommended in cases with pGGO. Af-
ter knowledge of pGGOs had accumulated (ie, that most pGGOs
consisted of preinvasive, noninvasive, or minimally invasive
lesions), our treatment procedure changed.® Now, resection
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is only 1 option, not the only option, as in the past. Because of
this, resection data cannot always be obtained, and the number
of cases was small as a result.

In conclusion, the natural history of pGGOs detected by
helical CT screening for lung cancer was partially revealed. A
classification, for pGGO progression was proposed based on
thin-section CT images obtained during the follow-up phase.
The pGGOs of lung cancer nodules do not only increase in size
or density, but may also decrease rapidly or slowly with the
appearance of solid components. Close follow-up until the ap-
pearance of a solid component may be a valid option for the
management of pGGO.
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Wireless micro swimming machine with magnetic thin film
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Abstract

As the magnetic micro-machines are driven by a magnpetic field, they require no power supply cables, no batteries,
and no controlling systems on the machine body. We fabricated the spiral-type micro-machine (outer diameter;
0.14mm, length; 1.0 mm) by a tungsten wire (¢ 20 pm). NdFeB film magnet was deposited on the spiral-machine by the
PLD methed, In the experiment, the wireless micro-machine swam at the speed of 0.2-1.6 mm/s. This result indicated
that the spiral shape was suitable for miniature swimming machine.

© 2003 Elsevier B.V. All rights reserved.

PACS: 85.70.Yv; 85 70.Rp

Keywords: Spiral structure; Magnetic micro-machine; Magnetic thin film; Rotating magnetic field; Reynolds number

1. Introduction

Magnetic micro-machines are driven by a magnetic
field. They require no power supply cables, no batteries,
and no controlling systems on the machine body. In
previous studies, we examined the swimming properties
of a spiral-type magnetic micro‘machine (outer diameter
of 1.5 or 0.8 mm) with the bulk magnet [1,2]. We found
that the spiral structure was applicable to swim under a
very wide range of Reynolds numbers (1077 < Re< 10%),
and that the spiral structure was suitable for the
miniaturization. However, it is difficult to reduce the
size using the bulk magnet. Therefore, we attempted the
miniaturization of the micro-machine with magnetic
thin film.

2. Magnetic micro-machine

Fig. 1 shows a photograph of the spiral-type magnetic
micro-machine. The micro-machine was fabricated with

*Corresponding author. Tel.: +81-22-217-5488; fax: +81-
22-217-5728.
E-mail address: aya@riec.tohoku.ac.jp (A. Yamazaki).

a tungsten wire of a diameter 20 um. The size of micro-
machine has the outer diameter of 0,14 mm and length
of 1.0mm. On the micro-machine, NdFeB film magnet
was deposited by the PLD method and thickness of a
film was several micros [3]. As the magnet was
magnetized in the diameter direction, the machine
rotated in synch with the rotating external magnetic
field and the spiral structure was generated propellant
force.

3. Experiment and analysis result
3.1. Swimming velocity

The spiral-type magnetic micro-machine with thin
wire and thin film magnet could swim by the rotating
external magnetic field. Fig. 2 shows the relation
between the frequency and the swimming velocity of
the micro-machine. We used three types of liquids with
kinematic viscosity (1, 10, 100mm?%s). In Fig. 2, the
plots show the experimental results, and the solid line
shows the analysis result [4]. The arrow in this graph was
the step-out frequency at kinematic wviscosity of
100mm?®/s. At the step-out frequency, the rotation of

0304-8853/% - see front matter © 2003 Elsevier B.V. All rights reserved.
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Fig. 1. Photograph of the spiral-type magnetic micro-machine.
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Fig. 2. Relation between frequency and swimming velocity of
experimental and analysis,

the machine could not be synchronized to the rotational
magnetic field. The micro-machine swam at the speed of
0.2-1.6 mm/s. The Reynolds numbers on this condition
were 2 x 107-1.6. This result shows that the spiral shape
is suitable for miniature swimming machine.

3.2. Load torque

The value of load torque which the micro-machine
receives from the fluid is difficult to obtain by the
experiment. However the value of load torque is
confirmed by measuring the step-out frequency. At the
step-out frequency, the load torque equals to the applied
magnetic torque. Therefore, the minimum magnetic field
which the micro-machine can rotate was measured at the
frequency of the magnetic field of 10Hz. From this
result, the applied magnetic torque was estimated.

Fig. 3 shows the relation between the kinematic
viscosity and the torque. The plots show the experi-

]00 T L L AN | T T TT T3
10 Hz 3
Calc.(Load torque) -
O Meas.(Magnetic torque) p
_ 1o E
£ ]
2 ]
o -
g- i
=
107 =
10-3 1 1 ot eaaal i M NS

10 10' : 10

Kinematic viscosity (mm?¥s)

Fig. 3. Relation between kinematic viscosity of liquid and
torque.

mental results of the magnetic torque and the solid line
shows the analysis result of load torque [4]. The torque
increased with the increase in the kinematic viscosity. In
the experiment of swimming velocity, as the magnetic
field was 8 kA /m, the step-out frequency was not seen by
1 and 10 mm?/s. In order for the micro-machine to swim,
the required magnetic torque is estimated as 10~>-
1nNm and the magnetic field is 0.1-10 kA/m. Therefore,
the magnetic torque was very small and the thickness of
a magnetic film is realizable by several microns.

4, Shmmary

We fabricated the magnetic micro-machine that was
composed of spiral-shaped thin wire and the thin film
magnet. The micro-machine with outer diameter
0.14mm was able to swim wirelessly in the liquids. This
result indicated that the spiral shape was suitable for
miniature swimming machine. The magnetic torque
required for the drive of spiral-type micro-machine
was very small, and it was shown that the value could be
realized with a magnetic thin film.
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Effect of Machine Length on Swimming Properties of Spiral Magnetic Micro-Machine
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In ﬁrevious étudies; we examined a magnetic
micro-machine composed a magnet and spiral structure,
. As the magnet was magnetized in the diameter

direction, the micro-machine rotated in synchronism

with the rotating magnetic field. This .time, we
‘fabricated two types of spiral magnetic micro-machines.
One had the mapgnet and the wire of the spiral structure
(head type). The other had the wire of the spiral
structure (spiral type). We examined the influence of the
micro-machine length. As a result, we found that the
swimming velocity of the head type micro-machine
depended on the machine. length. The swimming
velocity of the spiral type micro-machine dces not
depend on the machine length.

Key words: micro-machine, spiral blade,
rotating magnetic field, swimming velocity,
machine length '
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Fig, 1 Schematic view of magnetic micro-machine.
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Tungsten wire ¢ 0.15 mm

(a) Head type magnetic micro-machine.
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(b) Spiral type magnetic micro-machin.t‘a.

Fig. 2 !E’hotograph of magnetic micro-machine.
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Case report

Cervical oesophageal stent placement via a retrograde

transgastric route

y INABA MD, M KAMATA, MD, 'Y ARAI, MD, 'K MATSUEDA, MD, 'T ARAMAKI, MD and

4 TAKAKI, MD

Departments of 'Diagnostic and Interventional Radiology and ®Radiation Oncology, Aichi Cancer Center, 1-1 Kanokoden

Chikusa-ku, Nagova 464-8681, Japan

Abstract. During attempted oesophageal stent placement in a patient with cervical oesophageal cancer in whom
swallowing of even saliva was impossible, transoral access to the cervical oesophagus was unsuccessful. Under
ultrasound and fluoroscopy guidance, percutaneous gastric puncture was performed, and using an angiographic
catheter and guidewire, access to the oesophagus by a retrograde transgastric route was successfully achieved.
The obstructed segment of the oesophagus was traversed. It was then possible to pull the guidewire through the
mouth and place an oesophageal stent via an antegrade approach.

The usefulness of metallic stents for the palliation of
malignant oesophageal stenoses is well established [[-3]. In
general, stent placement in the oesophagus begins with the
transoral passage of a guidewire through the cesophageal
stenosis under endoscopic or fluoroscopic guidance. Cases
are occasionally encountered in which passage of the
guidewire is made difficult by the severity of the stenosis.
By utilizing angiographic techniques with catheters and
guidewires, impassable oesophageal stenoses have become
rare.

We recently encountered a patient in whom even
swallowing saliva was impossible. Transoral access to
the distal cervical oesophagus was not possible due to the
severity of the stenosis. As such, we performed a per-
cutaneous gastric puncture, and gained access to the
oesophagus by a retrograde transgastric route. It was then
possibleto pass the guidewire through the stricture into
the mouth and place an oesophageal stent via a transoral
route antegradely.

Case report

A 55-year-old man with cervical oesophageal cancer
associated with tracheal- invasion, was treated with
external beam radiotherapy (72 Gy) combined with
chemotherapy (5-FU and nedaplatin). From the start of
these treatments, swallowing of liquids became impaired,
and intravenous hyperalimentation was administered.
After this treatment the invaded tracheal portion showed
improvement, but the patient’s dysphagia worsened, and
even the swallowing of saliva became impossible.
Unfortunately a nasogastric tube for feeding could not
be inserted, and under ultrasound guidance the gastric wall
was percutaneously punctured with a 23 G needle, the
stomach inflated by injecting air into the gastric lumen,
and percutancous gastric puncture performed once again
under fluoroscopic guidance using a Cope gastrointestinal

Received 9 September 2003 and in revised form 8 December 2003,
accepted 3 February 2004.
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suture anchor set (Cook, Bloomington, IN) to create a
gastrostomy. However, 1 month later the gastrostomy tube
was removed because of a subcutaneous infection around
the gastrostomy site,

It was decided to insert an oesophagea! self-expanding
metallic endoprosthesis, and the cervical oesophagus was
approached transorally. Using an angiographic catheter
and guidewire, passage through the obstructed portion of
the oesophagus was attempted, but the guidewire only
entered the associated oesophagotracheal fistula (Figure 1)
and did not reach the proximal side of the oesophagus.
Endoscopic attempts to traverse the obstruction were also
unsuccessful. After treatment of the subcutaneous infec-
tion at the earlier gastrostomy site, .a repeat percutaneous
gastric puncture under ultrasound and fluoroscopy gui-
dance was performed, and a 5 F angiographic sheath
(Terumo, Tokyo, Japan) placed in the stomach. An
angiographic catheter (5 F Headhunter; Clinical Supply,
Gifu, Japan) and guidewire (0.035" Radifocus; Terumo,
Tokyo, Japan) were used to retrogradely cannulate the
oesophageal stricture (Figure 1). The guidewire and
catheter were then pulled through the mouth. The
guidewire was then exchanged for a stiff wire 0.035"
Zebra exchange guidewire (Microvasive/Boston Scientific,
Natick, MA). A 24 F Teflon sheath (Cook) was inserted in
a transoral, antegrade fashion distal to the oesophageal
obstruction, and a covered oesophageal stent (10 cm long
covered Ultraflex; Microvasive/Boston Scientific) released
proximally, and positioned under flucroscopy such that its
proximal edge did not extend as far as the oral side of the
orifice of the cesophagus (Figure 2). The upper edge of the
stent after placement was located at the level of the centre
of the C6 vertebral body. A nasogastric tube was inserted,
and the sheath placed in the stomach was removed. After
stent placement the patient felt neither cervical pain nor
foreign-body sensation, but experienced pain when
attempting to swallow saliva. A follow up contrast study
performed on the 4th day after stent placement, showed
the stent to be almost completely expanded, and the
associated shortening of its long axis resulted in a slightly

787



Figure 1. Contrast oesophogogram performed retrogradely via
the catheter inserted from the stomach and positioned at the
distal edge of the obstructed portion of the oesophagus
(arrows), The ocsophagus proximal to the stricture and an
oesophagotracheal fistula (arrowheads) are visualized.

lower position of the upper edge of the stent. Although
only a small volume of contrast material could be
swallowed at a time, passage through the stented area
was good, and no oesophagotracheal fistula was depicted.

7 days after stent placement the patient was able to
swallow smoothly, and oral ingestion of semi-solids
became feasible, allowing removal of the nasogastric
tube. He died of progressive cancer 5 months after the
stent placement, with oral intake continuing to be possible
up to the week prior to his death.

Discussion

The use of expandable metallic stents for oesophageal
stenoses due to unresectable malignant tumours is now
established as valuable palliation, with the rapid ameliora-
tion of symptoms in a high proportion of cases. It is
minimal invasive and low risk [I-3]. Stent placement is
usually possible from the cervical oesophagus to oesopha-
gogastric junction. In the cervical oesophagus there is
concern that the more proximally the stent is placed the
more marked will be the foreign-body sensation felt by
the patient [1]. For this reason, initially stent place-
ment near the cesophageal orifice (within 2 cm of the
cricopharyngeus) was considered to be contraindicated [t].
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Figure 2. The oesophageal stent inserted via a transoral, ante-
grade fashion is seen at the level of the oesophageal stricture,

Recently there have been some reports noting an absence
of foreign-body sensation problems with stent placement
up to the cricopharyngeus [4-7].

Stent placement in the oesophagus is usually via the
transoral passage of a guidewire under endoscopic or
fluoroscopic guidance through the steriotic portion of the
oesophagus. Even in cases in which the severity of
the stenosis precludes easy passage, this can usually be
achieved by using angiographic technigque with angio-

- graphic catheters and hydrophilic guidewires. Hitherto we

had never experienced a case in which we had to abandon
such a procedure because of the unsuccessful passage 8{7 a
guidewire through the stenosis. :
However, in the patient with cervical oesophageal
cancer we describe, it was not possible to pass a guidewire
transorally through the obstructed portion of the oeso-
phagus. The distance from the cricopharyngeus to the

The British Journal of Radiology, September 2004




Case repori: Cervical cesophageal stenting via a retrograde 'transgasm'c rotite

obstructed portion was approximately 3 ¢m. Since the
radiochemotherapy treatment had successfully reduced the
size of the infiltrated portion of the trachea, it is possible
that rather than progression of the cancer itself, marked
fibrosis associated with the radiotherapy developed.

In cases of vascular obstruction it is not unusual if
passage of a guidewire from one direction is difficult, to be
able to pass the guidewire from the opposite direction with
relative ease [§]. A transgastric retrograde approach was
attempted making use of percutaneous gastrostomy tech-
nique, and as the stomach was collapsed ultrasound
guidance was used. The oesophageal obstruction was
traversed retrogradely, enabling a stent to be placed at the
stricture. Before the present case, Novak et al reported
percutaneous transgastric placement of oesophageal stents
[9]. They inserted the 183-24 F delivery system through a
gastrostomy, while we placed a 5 F angiographic sheath
only in the stomach and pulled a guidewire retrogradely
through the mouth, and then inserted the delivery system
via an oral route antegradely. After stent placement the
5 F sheath via a transgastric route was removed, but no
complications occurred.

Although it is unclear how effective a retrograde
approach can be for luminal obstruction when passage

" from one direction is difficult, in cases in which access can

be achieved an approach from both sides should be
considered.
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Primary Mediastinal Lymphoma
Characteristic Features of the Various Histological Subtypes on CT

Ukihide Tateishi, MD, PhD,* Nestor L. Miiller, MD, PhD,} Takeshi Johkoh, MD, PhD.}
Yasushi Onishi, MD,§ Yasuaki Arai, MD, PhD,* Mitsuo Satake, MD,*
. Yoshihiro Matsuno, MD, PhD,V and Kensei Tobinai, MD, PhD§

Objective: To assess the characteristic features of the primary medi-
astinal lymphoma (PML) on CT and to test the relationship between
CT findings and the likelihood of the 3 most common subtypes
(Hodgkin lymphoma [HL), mediastinal diffuse large B-cell lym-
phoma [Med-DLBCL), and precursor Tcell lymphoblastic lym-
phoma [T-LBL]). '

Methods: Sixty-six consecutive patients with pathologically proven
PML including 29 patients with HL, 21 with Med-DLBCL, and 16
with T-LBL underwent CT prior to therapy. CT scans were indepen-
dently reviewed by 2 radiologists who were blinded to the pathologic
diagnosis for the following considerations: pattern of involvement
" (i.e., moarphologic features, mass size, and contrast enhancement
pattern), and ancillary findings at other sites inchuding neck, abdo-
men, and pelvis. Interobserver agreement was measured by Kappa
statistics, and independent predictors were calculated using multiple
Jogistic regression analysis for determining the likelihood of the sub-
types based on CT. . ‘

-Results; Chatacteristic features of HL included itregular contour of
the anterior mediastinal mass (20 of 29, 69%) and high prevalence of
associated mediastinal lymphadenopathy (28 of 29, 97%). Character-
jstic features of Med-DLBCL included regular contour (14 of 21,
§7%) and absence of cervical and abdominal lymphadenopathy (0 of

21). Characteristic features of T-LBL included regular contour (12

of 16, 75%) and high prevalence of cervical (9 of 16, 56%) and
abdominal (6 of 16, 38%) lymphadenopathy and splenomegaly (11 of
16, €9%). CT findings independently associated with increased

likelihood of HL were surface lobulation (P < 0.01), the absence of

vascular involvement (P < 0.01), or pleural effusion (P < 0.05). The
presence of vascular involvement was associated with increased
likelihood of Med-DLBCL (P < 0.001), Furthermoré, CT findings
including the presence of cervical lymph nodes or inguinal lymph
nodes (P < 0.001), the presence of pericardial effusion (P < 0.05),
and the absence of surface Jobulation (P < 0.05) were significantly
associated with the likelihood of TLBL. =
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Coneluslon: The various histologic subtypes of PML have charac-
teristic manifestations in the neck, chest, and gbdpmen, which allow

. their distinction on CT.

Key Words: malignant !ympﬁoma, mediastinal tumor, éomputed
tomography o ' '
(J Comput Assist Tomogr 2004;28:782-789)

M alignant lymphoma that involves mainly or exclusively
the mediastinum at initial presentation (primary medias-
tinal lymphoma: PML) is a relatively common condition seen
in patients of all ages.’™ Most cases are due to 1 of 3 histologic
subtypes: Hodgkin lymphoma (HL), mediastinal diffuse large
B-cell lymphoma (Med-DLBCL), and precursor T-cell lym-
phoblastic lymphoma (T-LBL). Distinction of the specific
histologic subtype is iimportant as it influences treatment and
prognosis.>'? Because the specific diagnosis should be con-
firmed by immunohistochemical analysis and hence requires
large tissue samples, it is not alwa?s easy to make a confident
diagnosis on biopsy specimens.”™ . _

There is a sizable body of literature examining the distri-
bution of nodes or masses in lymphoma.'**” However, there is
limited information on the characteristic manifestations of the
various stibtypes of PML and the potential value of CT in the
differential diagnosis. CT has been increasingly used for the

evaluation of patients with suspected or proven lymphoma. It -

allows for accurate staging of the disease and follow-up of the
therapeutic response.’2* The purpose of the present study
was to assess the characteristic features of the various histo-
logic subtypes of PML and the diagnostic accuracy of CT eval-

~uation for a specific histologic subtype.

MATERIALS AND METHODS

Patients , _
_ Sixty-six cases of PML were registered in the radiologic
files of our institute. Clinical details and follow-up information

inchuding the presence or absence of recurrence were reviewed

retrospectively by a hematologic oncologist- who was one of

" the authors. Our institutional review board does not require its

approval or patient informed consent for this type of review.

‘The study included 45 men (mean age 38.4 years, range 16 to -

84 years) and 21 women (mean age 34.1 years, range 13 to 63
years). All patients underwent uniform staging that included
a physical examination, blood cell counts, routine blood

J Comput Assist Tomogr * Volume 28, Number 6, November/December 2004
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chemistries, and bone marfow aspiration. Clinical features,
International Prognostic Index (IP1) scoxes,"‘ and clinical
stages were recorded.

Histopathologic confirmation of definite diagnosis in all
patients was obtained by core needle or excisional biopsy.
Biopsy sites included the anterior mediastinal mass in 33

* patients, cervical lymph node in 25, and both in 8. Fifty-four
patients (82%) were confirmed by the initial biopsy alone and
the other 12 patients (18%) underweént subsequent biopsy
because of insufficient initial sample.

Immunohistochermical studies to ‘determine histologic
subtype were performed in all biopsy specimens. According to

a recent classification system®® devised by the World Health
Organization {(WHO), 29 patients had classic HL, 21 had
Med-DLBCL, and 16 had T-LBL. The presence or absence of
nodal involvement in each suspected lesion was determined at

biopsy in 36 sites and the remaining with & combination of -

imaging findings and clinical follow-up. Extranodal involve-
ment in the abdomen confirmed by endoscopic, needle, or
excisional biopsy included stomach (o = l), kidney (n = 1),
and spleen (n = 1).

The histopathologic findings were reviewed by an
experienced pathologist who was one of the authors, Chart,
review of histologic specimens, and patient file reviews were

TABLE 1. CT Findings in Patients Wth PML and the Other Common Nonrymphomatous Diseases

Disease PML Thymoma Thymie eancer GCT SCIL.C -
No. of patients 66 19 26 3 12
Male/female 45421 8/11 18/8 13/0 93
Age (mean * 8D} (y) 370 = 149 556 =122 584 x 116 265 +£54 645+ 483
Age range (y) 13-84 29-74 24-74 18-38 _51-78
Tumar margins*
Well-defined margins 39 (59) 1R (95 - 22 (83) 1(8) 0
ll-defined margins 27 {a1) 1(5) 4(15) 12 (93) 12 (160)
Size of main mass (mean * SD) [em) 89 + 30 52+ 18 72 %24 116 £22 S6% 1.6
Presence of surface lobulation 3147 7037 19 (73) 0 12 (160)
Presence of vascular encasement 21 (32) 1(5) 207 " 7(54) 2(7
Presence of chest wall invasion 10 (15) 0 13 (50) 3 (23) 0
Presence of cutaneous involvement .38 0 "0 0 0
Presence of lung invasion* 1nan 0 0 0 NA
Presence of nodal involvement :
" Cervical lymph node (superficial}t 10 (15) ¢ - 0 0 0
Cervical lymph node (deep)§ 1827 0 0 0 0
. Submandibular lymph node 1(2) 0 0 0 0
Submental lymph node 2(3) 0 0 0 0
Parotid lymph node 23 0 0 0 0
Supraclavicular lymiph node 13an 0 0 0 10 (83)
Mediastinal lymph node§ 50 (76) 0 12 (46) i® 12 {100)
Hitar lymph nodet 12(15) 0 2(8) 2(15) 12 ¢100)
Axillary lymph node§ 12 (15) 0 0 0 . o -
Celiac lymph node 4 (6) 0 0 0 0
Paraaortic lymph node§ 12(15) 0 0 0 0
Mesenteric lymph niode 203) o 0 0 0
Iliac lymph node 1(2) 0. 0 0 0
“Inguinal lymph node® .5 (8) 0 0 0 0
Presence of pleural effusion 26 (39) 2 (10) 83 5(38) 5 (42)
Presence of pericardial effusion* 24 (36) 0 4 (15) 323 -3 (25)
Hepatomegaly . “2(3) ] 0 0 0
Splenomegaly§ 13 20) 0 0 0 0
- Presence of metastasis
- Lung metastasis§ ) 0 5(19) S 7(54) 3(25)
Liver metastasis§ g ] 14 1(8) 5 (42)
Splenic metastasis 1(2) 0 0 1 (®) 0
_ Adrenal metastasis L 0 0 0 1(8)
Presence of pleurat dissemination 13 (20) 2(10) 6 (23) 2(17)

2(1%)

Dza in parentheses are pemmtages
*P < 005, tP < 0.01, §P < 0.6001.

PMI.,Prunary mediastina) lymphoma; GCT, gem cell wmor; SCLC, small cell king cancer; NA not appllwble. '
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conducted independently of the CT analysis. All patients with
PML underwent treatment, which included chemotherapy and
radiotherapy for HL, chemotherapy and/or radiotherapy for

Med-DLBCL, and chemotherapy and radiotherapy for T-LBL.-

Follow-up documentation was reviewed for any evidence of
misdiagnosis at any. repeat imaging exammanons biopsies,

laboratoty tests, or on the basis of ongoing symptoms and
signs. At the time of this review, there has been no case of
initial misdiagnosis.

To determine whether ot not CT findings can accurately
differentiate PML from the other common pontymphomatous
diseases, a total of 70 patients including thymoma (n = 19),
thymic cancer {n = 26), germ cell tumor (n 13), and small cell
lung cancer (n = 12) were also enrolled in this study (Table 1).
Selective criteria of these cases were 1) main antetior medi-
astinal mass identified on CT at presentation, 2) definite diag-
nosis confirmed by the pathologic observation of main mass,

and 3) CT examination performed prior to ﬂlerapy These cases’

were selected from the radiologic files of our institute, and
clinical details and follow-up information were also reviewed.
retrospectively by a radiologist who was one of the authors.

Imaging Studies

' CT was performed on a 4-row multidetector scanner
(Aquilion V-detector, Toshiba Medical Systems, Tokyo, Japan).
The images wete obtained at 240-260 mAs, 120 kV, 7-mm
collimation sections overlapped in 3.5-mm intervals from the
level of the orbit to the proximal femur, and a pitch of 10.5. All
patients received 150 mL of nonionic intravenously admin-

istered contrast material at 3.0 ml/s with a power injector -

(Autoenhance A-250; Nemoto-kyorindo, Tokyo, Japan) after
* & 60-second delay. All patients also received 200-300 mL of
sterile water omlly prior to Cl' examination.

Image Analysis
Two experienced radiologists who had knowledge of the

diagnosis of primary mediastinal lymphoma but were blinded .

to histologic subtypes and any clinical information other than
patient age and sex independently reviewed the CT images on
hard copies. The 2 readers analyzed the images for tumor size,

tumor margins {well defined or ill defined), and presence of -

surface lobulatiori. The presence of asingle mass or confluent
lymphadenopaﬂ:y in the anterior mediastinum was analyzed as

representing the pnmary tumor mass and the measurement

based on the short axis diameter. The contrast enhancement of

the primary lesions was compared with that of normal muscle. . -

The tumor was considered homogeneous if it enhanced to the
same degree throughout. The patterns of local invasion were’
recorded: encasement of vascular structures, chest wall in-
vasion, cutineous involvement, and lung invasion. Vascular
. encasement was considered present when-there was circum-
ferential narrowing or complete obstruction of the superior

. vena cava or brachiocephalic vein by tumor. The presence or -

absence of lymphadenopathy, pleural effusion, pericardial
effusion, and other organ involvement were also evaluated.
Nodes were considered enlarged when their short axis diam-
eter was greater than 10 mm. Hepatomegaly and splenomegaly

were considered present when the liver and spleen were greater -
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than 13 cm and 12 cm in longitudinal diameter at the
midelavicular line, respectively.”

Statistical Analysis :
Kruskal-Wallis test was used to compare the clinical
variables and all CT findings in the 3 histologic subtypes of

"PML and the other common nonlymphomatous disorders.

Student ¢ test was used to compare mean tumor size of the
mediastinal mass. The interobserver variation in the mterpreta-
tion of all CT findings was analyzed using Kappa statistics.
The interobserver agreement was classified as follows: poor,

- k = 0-0.20; fair, k = 0.21-0.40; moderate, k = 0.41-0.60; .

good, k =0.61-0.80; and excellcnt, k = 0.81-1.00, The
relationship between CT findings and the likelihood of the
lnstologlc subtypes was tested for independent pfedictors
using multiple logistic regression analysis, which determined
the odds ratio after adjusting for the other variables examined.
All P values less than 0.05 were considered to indicate
a statistically significant difference.

RESU LTS :

N Smnmca]ly significant CT findings which have possibility
of discriminating PML from the other common non.lymphom-
atous discases were tumor margins, the presence of lung in-
vasion, involvement of various lymph nodes including cervical
(superficial and deep), mediastinal, hilar, axillary, paraaortic,
inguinal lymph nodes, the presence of pencardlal effusion, sple-
nomegaly, the presence of lung metastasis, and liver metas-
tasis. Patient demographics are listed in Table 2. Patients with
Med-DLBCL were slightly older (mean age % SD: 464 *
18.0) than those with HL (34.6 = 10.7) or T-LBL {30.6 *

"12.4) (P < 0.01).. No other significant difference was seén in

patient demographics between the 3 subtypes of PML.

TABLE 2. Demogmphlc and Clinical Data in Patlents
With PML - -

Disease ’ - T HL Med-DLBCL T-LBL
No. of patients. - 29 (44) ) 16 (24
Age (mean = SD) {y) 346 £ 107 464 = 180° 306 124+
Age range (y)- 19-57 23-84 13-64
Male 17 (59) 15(1) 13 (81)
Female 12 (41) 6 (29) 3(19)
1P1 score _ - " :
Low 23 (79) 12 (57 6 (38)
Low—intermediate 5017 2000, 8(0)
Intermediate-high o 504) 1(6)
High @ 20 1(6)
Clinical stage o - _
1 . 7(24) 11 (52) 2(13)
oo CO15(52) . 3(14) 203 .
m 404 . 1(5) 39
v 3(10) 5 (29) 9.(56)
" Data in parentheses are percentages. Significant diﬂ‘mnceisfmmdindmméanugu

berween Med-DLBCL and T-LBL (*P < 0.01).
HL, Hodgkin lymphoma; Med-DLBCL, mediastinal diffuse largc B-cell lymiphoma;
T-LBL, T-cell lymphoblastic lymphoma; IPL, Intemational Prognostic Index.

© 2004 Lippincott Williams & Wilkins
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Enlargement of cervical lymph nodes was seen more
commonly in T-LBL (10 of 16 patients, 63%) than in HL (9 of 29
patients, 31%) (£ < 0.05) and was not present in any of the
patients with Med-DLBCL (Fig. ). Of the cervical nodes, deep
cervical nodes were affected more frequently in HL (31% [9 of 29
patients]) or T-LBL (56% [9 of 16 patients]) than those in Med-
DLBCL (no patients). Superficial nodes were also involved more
often in T-LBL (44% [7 of 16 patients]) than in HL (10% {3 of 29
patients], P < 0.05). Involverent of supraclavicular Iymph nodes
was seen more frequently in T-LBL (50% [8 of 16 patients])
compared with that in HL (10% [3 of 29 patients], P < 0.01).

Primary Mediastinal Lymphoma

Submandibular, submental, and parotid lymph nodes were in-
volved cnly in T-LBL (19% [3 of 16 patients]).

. No significant difference was found in the size and
margin of the primary lesion between the three histologic
subtypes (Table 3). Surface lobulation (Fig. 2) was more
common in HL (69% [20 of 29 patients]) than in both Med-
DLBCL (33% [7- of 21 patients}) and T-LBL (25% [4 of 16

‘patients]) (P < 0.01, Table 3). The prevalence of vascular .

invelvement including encasement of superior vena cava and
left brachiocephalic vein in Med-DLBCL (62% [13 of 21

patients], P < 0.0001) and T-LBL (38% [6 of 16 patients],

FIGURE 1. Thirty-two-year-old man with T-cell Iymp'hobiasticgmphoma (T-LBL). A, Image obtained at the level of the great vessels
shows a large anterior mediastinal mass with encasement and stenosis of the left brachiocephalic vein (arrow). Also noted are left
pleural effusion and soft-tissue masses (arrowheads) in the left pleura suggestive of pleural dissemination. B, Image at the leve! of
the upper neck demonstrates several enlarged of cervical nodes (arrows). C, Image at the level of the lower pole of the right kidney
shows multiple enlarged paraaortic and mesenteric nodes. D, Image at the level of the inguinal region shows enlarged inguinal
lymph nodes {arrows). : ‘

© 2004 Ll‘pﬁncott Williams & Wilkins 785
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TABLE 3. CT Findings in Patients With PML

Disease HL Med-DLBCL " T-LBL
No, of patients ‘ 29 (44) 21 (32 16 (24)
Tumor margins '
Well-defined margins 19 (66) 10 (48) 10062 -
[l-defined margins 10 (34) 11 (52) 6(38) -
Size of main mass (mean * SD) (cm) 9.7+ 28 9.7+ 25 0.2 33
Presence of surface lobulation® 20 (69) 7(33) 4 (25)
Presence of vasular encasementt 2(n 13 (62) 6 (38)
Presence of chest wall invasion a4 419 - . 2(13
Presence of cutaneois involvement 0 : 2(10) 1(6)
Presence of ltmg"iﬁvasion 8.(28) : 2(10) 1{6)
Presence of nodal involvement .
Cervical lymph node {supetficial)* 3(10) 0 7 (44)
Cervical lymph node (deep)t 9 (31) 0 9 (56)
Submandibular lymph node 0 -0 1{6)
‘Submental lymph node}: 0 0 2(13)
Parotid lymph node? 0 0 2(13)
Supraclavicular lymph node§ 300 0. 8(50)
Mediastinal lymph nodet 28 (97) 14 (67) 8 (50)
Hilar lymph nodet - 1034 - 1(5) 1 (6)
Axillary lymph nodet 4(14) ‘ 0 8 (50)
Celiac lymph node 3(10) 0 16 -
Paraaortic iymph node* 6(21) 0 6 (38)
Mesenteric lymph nodet .0 .0 2(13)
Liac lymph node 0 0 1(6)
Inguinal lymph nodet <0 o -0 5(31)
Presence of pleural effusion} 6(21) C12(5T) - 8 (50)
_Pr_esénce of pericardial effusion} 5307 10 (48) - -9 (56)
Hepatomegaly} 0 0 2(13)
Splenomegatyt 1(3) 1(5) 11(63) -
Dae in pmﬂm are perceniages. '

*P < 0.01, 1P < 0.001, 3P < 0.05, §P<00001

HL, Hodgkin lymphoms; Med-DLBCL, mediastinal diffuse large B-cell lympharms; TLBL, Teoell

lymphoblastic lymphoma.

| P < 0.05) was greater than that in HL (7% [2 of 29 patients],

Figs. 1 and 2). Complete obstruction of the supenor vena cava
(SVC syndrome) was present in one of 29 patients with HL
(3%), 4 of 21 with Med-DLBCL (19%), and 2 of 16 patients
with T-LBL (13%). Forty-one of 66 tumors (62%) showed
heterogeneous enhancement on CT, with no significant dif-
ference between 3 histologic subtypes.

" Eslarged mediastinal nodes distinct from the primary
lesion were present more contmonly in HL (97% [28 of 29
patients]) than in Med-DLBCL (67% [14 of 2] patients], P <
0.05) and T-LBL (50% [8 of 16 patients], P < 0.0001, Table
3). Involvement of hilar nodes (Fig. 3) was significantly more
common in HL (34% [10 of 29 patients]) compared with Med-
DLBCL (5% [1 of 21 patients], £ < 0.05) and T-LBL (6% [1

. of 16 patients], P << 0.05). Involvement of bilateral axillary ..

nodes was si gm'ﬁcantly more common in T-LBL (50% [8 of 16
patients]) than in Med-DLBCL (no patients, £ < 0.0001) and
HL (14% [4 of 29 patients], P << 0.05). Pleural effusion (Figs.
1 and 2) was significantly more common in Med-DLBCL
{57% [12 of 21 patients], £ << 0.01} or T-LBL (50% [8 of 16
patients], P << 0.05) than in HL (21% [6 of 29 patients]). Ofthe
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patients with pleural effusion, tumor cefls were confirmed by
cytology in 6 of 6 patients with HL (100%), in 5 of 12 with
Med-DLBCL (42%), and in 2 of 8 patients (25%) with T-LBL.
Pericardial effusion (Fig. 4) was significantly more common

- in T-LBL (56% [9 of 16 patients], P < 0.01) and Med-DLBCL
{48% [10 of 21 patlents] P< 005) than in HL (17% [S of
29 patients]). -

Statistically s1gmﬁcant CT findings in the abdomen _
included splenomegaly, and involvement of paraaortic, mesen-
teric, and inguinal lymph nodes (Table 3). Splenomegaly was
present more commonly in T-LBL (63% {11 of 16 patients])
than in HL (3% [! of 29 patients], P < 0.0001) and Med-
DLBCL (5% {1 of 21 patients], P < 0.0001). Involvement of

- ahdominal parasortic nodes (Fig. 1) was more common in
T-LBL (38% [6 of 16 patients}, £ < 0.01) or HL (21% [6 of
29 patients], P < 0.05) than in Med-DLBCL (no paticnts).
Involvement of inguinal (31% {5 of 16 patients]) or mesen~
teric lymph nodes (13% [2 of 16 patients]) was found only in:
T-LBL (Fig. 1). Extranodal lesions in the abdomen were
proved pathologically in 3 patients. Two patients with Med-
DLBCL had mass lesions in the stomach and kldney, and the

" © 2004 Lippincott W?Hmm & Willins



