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ABSTRACT

Purpose: To assess the usefulness of cine-magnetic resonance imaging (cine-MRI) in the
evaluation of chest wall invasion, we compared the results of cine-MRI with those of computed
tomography (CT) and ultrasonography (US).

Materials and Methods: Eleven patients were examined who had no pain and who were
difficult to diagnose by routine examinations. MRI was performed with a Magnetom SP/4000,
1.5T unit (Siemens, Germany). For cine imaging, continuous turbo-FLUSH (ultra fast low
angle shot) images were obtained at an orthogonal section to the chest wall during slow deep
breathing. A CT scan was performed using a TCT 900S or Super Helix (Toshiba, Japan) at
1 cm intervals, with section thicknesses of 1 ¢m throughout the entire chest. US was per-
formed with a model SSA-270A (Toshiba, Japan) with 7.5-MHz linear array scanners
(PLF-705S; Toshiba, Japan).

Results: Sensitivity, specificity and accuracy were 67%, 75% and 73% for cine MRI, 67%,
63% and 64% for CT, 33%, 75% and 64% for US, respectively.

Conclusions: These results indicate that cine MRI is potentially useful for the diagnosis of
chest wall invasion of lung cancer.
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Chest wall invasion occurs in 5-8% of patients
with lung cancer?%10.14) In 1947, Coleman first
reported long-term survival in patients with lung
cancer invading the chest wall after treatment by
combined pulmonary and chest wall resection?.
Since then, there have been many reports of com-
bined pulmonary and chest wall resections with
2 to 15% mortality and 30-40% 5-year survival
ratesl:3:5:9:15,16.20) T patients with chest inva-
sion and without lymph node metastasis, Piehler
et al'® reported that the 5-year survival was
53.7%. The survival curves of those patients and
patients with T2NOMO disease were remarkably
similar, with no significant difference. It is now
thought feasible to treat patients with chest wall
invasion and no lymph node metastasis surgical-
1y18). Therefore, information about chest wall in-
vasion is still an important factor in the clinical
decision to perform surgery.

Cine magnetic resonance imaging (cine-MRI) can
now make high speed images. In cine-MRI, images

are taken every 1.2 sec during deep breathing and
videorecorded consecutively, clearly visualizing the
movement of the tumor. We examined the possibil-
ity of the usefulness of cine-MRI in the evaluation
of chest wall invasion of lung cancer, comparing it
with conventional CT and US. This paper reports
the results of our study.

MATERIALS AND METHODS

A total of 178 lung cancer patients underwent
surgery at our hospital between November 1993
and January 1995. We selected patients whose
tumors were considered to possibly invade the
chest wall, based on the result of chest roentoge-
nograms. We ruled out patients whose tumors
were clearly apart from the chest wall or obvious-
ly invaded ribs, as shown on chest CT. As a re-
sult, 11 patients, all of whom had no pain, were
examined. The histologic type of the tumor of
these 11 patients consisted of 4 adenocarcinomas,
3 squamous cell carcinoma and 4 adenosquamous
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carcinomas. Three of the 11 cases had undergone
preoperative cisplatin based chemotherapy. All 11
cases were evaluated by these three modalities
within 1 month before operation.

MRI was performed with a Magnetom SP/4000,
1.5T unit (Siemens, Germany). Axial T1-weighted
spin-echo (SE) images were obtained to deter-
mine the location of the tumor after intravenous
administration of 0.1 mmol/kg gadopetetate dime-
glumine (Magnevist; Schering, Germany). Contin-
uous turbo-FLASH (ultra fast low angle shot)
images were obtained at an orthogonal section to
the chest wall during slow deep breathing. The
section thickness was 1 cm throughout the tumor.
The matrix was 128 by 128. Acquisition time per
image was 1.2 sec. Eight to ten images, including
deep inspiration and deep expiration, were con-
secutively videorecorded. One of the authors
(S.N.) evaluated chest wall invasion according to
the respiratory movement of the tumor on cine-
MRI

A CT scan was performed using a TCT 900S or
Super Helix (Toshiba, Japan) at 1 c¢cm intervals,
with section thicknessses of 1 em throughout the
entire chest. Intravenous contrast material was
used in all cases. Chest wall invasion was eva-
luated mainly according to the presence of an ex-
trapleural fatty layer on CT. If it was difficult to
judge the presence of the fatty layer, we also
looked at the characteristics of the interface of
the lesion with the adjacent pleural surface. A
sharp interface of the lesion with the adjacent
pleural surface was interpreted as negative and
an obtuse interface was interpreted as positive. If
the lesion had no fatty layer and the interface
was sharp, it was evaluated as positive.

The US instrument used in this study was a
SSA-270A (Toshiba) with 7.5-MHz linear array
scanners (PLF-705S; Toshiba). The coupling me-
dium was a water-soluble ultrasound transmis-
sion gel (Sono Jelly; Toshiba) applied to the skin,
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with or without a water path. One of the authors
(M.Y.) analyzed the relationship of the tumor and
the chest wall. Chest wall invasion was diag-
nosed mainly according to the respiratory move-
ment of the tumor during US.

Surgical and histopathological findings were re-
corded according to the General Rules for Clinical
and Pathological Records of Lung Cancer of the
Japan Lung Cancer Society (Table 1)7. We also
recorded the depth of cancer invasion to the pleu-
ra and chest wall according to Mishina’s micro-
scopic classification as described below!®.

p3a: Cancer that extended to the parietal
pleura.

p3b: Cancer that did not extend beyond the
subpleural fatty tissue.

p3c: Cancer that did not extend beyond the
intercostal muscle.

p3d: Cancer that extended to the rib

Table 1. Surgical and histopathologic findings of chest
wall invasion according to the General Rules for Clini-
cal and Pathological Record of Lung Cancer of the Japan
Lung Cancer Society”

Surgical findings
PO : No pleural or chest wall invasion.
P1: Limited invasion into the visceral pleura.
P2 : Cancer present on the surface of the visceral
pleura.
P3 : Invasion into the visceral and parietal pleura.
Histopathological findings
p0: Cancer did not extend beyond the elastic mem-
brane of the visceral pleura.
pl: Cancer reached the elastic membrane of the
visceral pleura.
p2: Cancer present on the surface of the visceral
pleura.
p3: Cancer invaded the chest wall or mediastinum.

Table 2. Preoperative evaluation, surgical findings and pathological findings in judgment of chest wall invasion
Case No. Location cT US cine MRI Surgical* Pathological®
1. It. lower — - - - (PO) - (p0)

2 rt.upper - - - - Pn - (p2)

3. 1t. upper - - - - (P1) - (p1)

4. rt.lower - - - - (PO) - (p1)

5 rt.lower - - - - (PD - (p2)

6. 1t. lower + + + + (P3) + (p3b)

7.4 1t. upper + + + + (P3) - (p2)

8.1 rt.upper + + + + (P3) - (p0)

9.1 rt.upper + - - + (P3) + (p3a)

10. 1t. upper - -~ + - (P1) + (p3a)
11. rt.upper + - - - (P1) — (p1)

* According to General Rules for Clinical and Pathological Record of Lung Cancer of the Japan Lung Cancer Society.
T According to Mishina’s microscopic classification of the depth of invasion into the pleura and chest wall.

1 Induction chemotherapy cases
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RESULTS

The preoperative evaluation of the three moda-
lities, surgical findings and pathological findings
are summarised in Table 2. Five patients (cases
1 to 5) were evaluated preoperatively as negative
for chest wall invasion on all three modalities,
and the pathological findings also showed no in-
vasion (Fig. 1). One patient (case 6) was eva-
luated as positive on all three modalities and was
also positive pathologically but the tumor did not
extend beyond the subpleural fatty tissue. Cases
7 and 8, which had undergone induction chemo-
therapy, were evaluated as positive for invasion
in all three modalities, but, pathologically, they
had only granulomatous fibrous adhesion to the
chest wall. It was suspected that the cancer had
invaded the chest wall before the induction che-
motherapy. In the remaining three cases, differ-

26-NOV-95

ent evaluations were obtained by different
modalities (Fig. 2).

Table 3 shows the sensitivity, specificity and ac-
curacy of the three modalities and surgical find-
ings. In each category, cine-MRI obtained a
higher rate than CT and US, and the results of
cine-MRI were approximately equivalent to those
of the surgical findings.

DISCUSSION

Preoperative evaluation of chest wall invasion
of lung cancer is important for selection of ade-
quate treatment. Routine examinations such as
chest roentogenogram and tomography provide
limited evaluation of the chest wall invasion in
cases of lung cancer. Conventional CT has been
used for this purpose, but several authors have
reported low accuracy in prediction of the chest

Fig. 1. Adenosquamous carcinoma of the left upper lobe in a 67-year-old man (case 3).
(a) to (d) cine-MRI witnin a cycle of respiration. (a) cine-MRI on deep inspiration. (¢) cine-MRI on deep
expiration. The tumor moved smoothly apart from the chest wall in cine-MRI. Histologically, there were

no chest wall invasion.
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Fig. 2. Adenocarcinoma of left upper lobe in a 59-year-old man (case 10).

(a) There was a fatty plane between the tumor and the chest wall and it was evaluated as negative for
chest wall invasion following CT. (b) Cine-MRI on deep inspiration. (¢) Cine-MRI on deep expiration.
They revealed no respiratory movement of the tumor. (d) Lobectomy specimen. Pathologically, adenocar-
cinoma extended to the parietal pleura.

Table 3. Sensitivity, specificity and accuracy of the three modalities and surgical findings
sensitivity (%) specificity (%) accuracy (%)
CcT 2/3 (67) 5/8 (63) 7/11 (64)
US 1/3 (33) 6/8 (75) 7/11 (64)
Cine MRI 2/3 (67) 6/8 (75) 8/11 (73)
Surgical findings 2/3 (67) 6/8 (75) 8/11 (73)
wall invasion®1417.22) Therefore, new modalities While the usefulness of conventional MRI in

have been reported including conventional
MRI612.13) pneumothorax CT%L29), three dimen-
sional helical CT®), US89, and multisection ex-
piratory dynamic CT (ED-CT)!V.

the evaluation of chest wall invasion in lung can-
cer has been reported®1%13) the Radiographic
Diagnostic Oncology Group found no difference
between CT and MRI?.
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Yokoi et al reported that the accuracy of pneu-
mothorax CT was 100% in the evaluation of chest
wall invasion?®), However, this technique is inva-
sive, and symptomatic pneumothorax occurred in
four of 43 patients.

US1819 ED-CTY and cine-MRI are dynamic
evaluation techniques using the characteristics of
organs that change their size and shape during
the respiration cycle. Suzuki et al reported very
high sensitivity (100%) and specificity (98%) of
US for chest wall invasion!®. Although US has
advantages in being able to evaluate soft tissue
in real time, some skill is needed to describe the
tumor findings on US because acoustic windows
are needed. Three dimensional helical CT® and
ED-CT!) using helical CT technique have been
reported to be useful, but both results were pre-
liminary. Furthermore, in CT, to distinguish be-
tween benign, firm, fibrous adhesion and
malignant invasion may be possible but very dif-
ficult. Concerning MRI, Padvani et al reported
that contrast medium uptake revealed no chest
wall invasion in comparison with non-contrast-
enhanced T1-weighted images!®. However, we
did not compare contrast with non-contrast en-
hanced MRI, which is being carried out in large
number of patients. Fluoroscopic observation is
also important to evaluate the movement of the
tumor. However, because various lung and chest
wall structures overlap with the tumor, the con-
trast resolution of fluoroscopy can be minimal.

Despite our study being small and preliminary,
it showed that the results of cine-MRI were more
favorable in the evaluation of chest wall invasion
than CT or US, and that they were almost the
same as the results of the surgical findings. This
indicates that cine-MRI is potentialy useful in es-
tablishing a correct diagnosis of chest wall inva-
sion.
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