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PURPOSE: To evaluate the role of
dynamic enhanced magnetic reso-
nance (MR) imaging in di.fferentiat-
ing leiomyomas with high signal in-
tensity at T2-weighted imaging.

MATERIALS AND METHODS: His-
tologic features of 34 uterine leiomyo-
mas that showed hyperintensity on
T2-weighted images were compared
with those of ordinary hypointense
leiomyomas (ti = 74). The results of
treatment with gonadotropin-releas-
ing hormone analogue were also ana-
lyzed in relation to pretreatment sig-
nal intensity.

RESULTS: Degenerated leiomyomas
(n = 13) had higher signal intensity
and heterogeneous architecture, but
there was considerable overlap in sig-
nal intensity with cellular leiomyomas
(n = 21). At dynamic enhanced MR
imaging, cellular leiomyomas had
marked contrast enhancement in the
early phase, while degenerated leio-
myomas showed slight or irregular
enhancement. Cellular leiomyomas
were reduced significantly in size
after treatment (P = .02). The re-
sponse in degenerated leiomyomas
was minimal.

CONCLUSION: Evaluation of signal
intensity at T2-weighted imaging and

degree of contrast enhancement at
dynamic enhanced MR imaging pro-
vide useful information on the nature
of leiomyomas.
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LTHOUGH teiomyomas have been

known to show various signal
intensities on T2-weighted magnetic

resonance (MR) images, most uterine

leiomyomas appear as sharply mar-

ginated, homogeneous focal areas of
decreased signal intensity due to the

Ti and T2 relaxation times of smooth

muscle (1). On the other hand, degen-

erated leiomyomas demonstrate inho-
mogeneous signal intensity, with de-

generated regions displaying higher

signal intensity than nondegenerated

regions (2). A leiomyoma with a

higher degree of cellularity also

shows higher intensity than that of

the myometrium (3).
In patients who wish to preserve

fertility, medical treatment with go-

nadotropin-releasing hormone (Gn-

RH) analogues is considered an alter-

native to hysterectomy. Not only total

uterine volume but also the mdi-
vidual volume of the leiomyoma can
be quantitatively assessed with MR

imaging (4,5). However, the effective-

ness of Gn-RH analogues in reducing

the size of teiomyomas is variable,
and adverse effects such as the devet-

opment of osteoporosis may occur (6).
Consequently, it would be beneficial

if we could predict the effect of medi-
cal treatment by use of MR imaging.

In this study, we analyzed histo-
logic findings in leiomyomas that

showed hyperintensity at T2-

weighted MR imaging and evaluated

the role of dynamic gadolinium-en-
hanced MR imaging. We also ana-

lyzed the results of treatment with

Gn-RH analogues in relation to T2-
weighted and dynamic MR appear-

ances.

MATERIALS AND METHODS

This study was composed of two parts:

(a) correlation between preoperative MR
imaging results and hysterectomy speci-
mens and (b) evaluation of the effect of
medical treatment as predicted with pre-

treatment MR imaging.

Pathologic-Radiologic Correlation
in Excised Leiomyomas

The study population consisted of 83
women (108 leiomyomas) who underwent
myomectomy or hysterectomy between

January 1990 and December 1992. The di-
ameter of the leiomyomas ranged from 3

to 21 cm; 70 were intramural, 28 were sub-
serosal, six were submucosal, two were
cervical, one was located in the broad liga-
ment, and one was located in the isthmus.
Conventional Ti- and T2-weighted spin-
echo (SE) studies were performed in all
patients, and 34 hyperintense teiomyomas
(signal intensity ofleiomyoma higher than

that of myometrium on T2-weighted SE

images) were identified (size range, 3-17
cm; 19 were subserosal, 14 were intramu-

rat, and one was in the isthmus). Dynamic
enhanced MR imaging was performed in
27 patients with hyperintense leiomyo-
mas. In 15 patients with hypointense leio-

myoma who had concomitant diseases

(multiple leiomyomas of various signal

intensifies, endometrial cancer, etc), dy-
namic enhanced MR imaging of the leio-

myomas was also performed. Patients

who received hormone therapy were not
included in this study group.

Histologic sections of teiomyoma from

all patients, stained with hematoxylin-eo-
sin, were reviewed by a gynecologic pa-
thotogist (H.K.) who was unaware of the

MR findings. In patients with more than
one tumor, each tumor was evaluated
separately. All MR and pathologic findings

were analyzed separately and then corre-

lated with reference to macroscopic find-

ings in order to correspond to the specific

tumor seen at MR imaging.

Evaluation of Treatment Effect
with Pretreatment MR Imaging
in Medical Treatment Group

Twenty-seven women aged 35-56 years

(mean, 46.1 years) with 38 uterine leio-
myomas were treated with Gn-RH ana-

logue (buserelin; Suprecur, Hoechst Japan
Pharmaceuticals, Tokyo, Japan). Starting

Abbreviations: Gn-RH = gonadotropin-re-
leasing hormone, SE = spin echo.



a. b.
Figure 1. Images of cellular submucosal leiomyoma in a 32-year-old woman. (a) T2-weighted

SE image (2,000/70) reveals a relatively homogeneous tumor with high signal intensity corn-
pared with that of myometrium in the left side of the uterine corpus (arrowheads). (b) Photo-

micrograph shows the tumor to be composed of densely packed cellular fascicles of smooth
muscle with little intervening collagen. No degenerative changes are seen. (Hematoxylin-eo-

sin stain; original magnification, x 100.)

722 #{149}Radiology December 1993

on day 2 of their menstrual cycles, the
analogue was self-administered by means
of intranasal insufflation of 300 p.g for 6

months. Ti- and T2-weighed SE images
were obtained in all patients, and dynamic
enhanced MR imaging was performed in
patients with hyperintense leiomyomas.

Leiomyomas treated with Gn-RH ana-
logue were categorized into three types
depending on the pretreatment T2-
weighted and dynamic enhanced MR

findings (see “ Results” section), and re-

sults were correlated with results of treat-

ment.

MR Imaging Examination and MR
Image Analysis

MR imaging was performed with a 1.5-T
superconductive unit (Magnetom; Siemens

Medical Systems, Erlangen, Germany). TI-

weighted SE images were obtained with a
repetition time (TR) of 600 msec, an echo

time (TE) of 15 msec (TR/TE = 600/15), a

256 x 192 matrix, and two excitations. T2-
weighted SE images were obtained with a
TR of 2,000 msec, a TE of 70 msec, a 256 x
256 matrix, and one excitation.

Dynamic MR images were obtained im-

mediately and then every 30 seconds for 3
minutes after rapid injection (2 mL/sec) of
gadopentetate dimeglurnine (Magnevist;
Japan Schering, Osaka, Japan) (0.1 mmol/
kg of body weight) by using an SE tech-
nique with a TR of 200 msec, a TE of 15
msec, a 256 x 128 rectangular matrix, and

one excitation. Actual sampling time per
image was 25.6 seconds. Postcontrast TI-
weighted images were obtained 5-6 mm-
utes after injection of gadopentetate dime-
glumine. Both conventional SE and

dynamic enhanced images were obtained

with a section thickness of 7 mm and a
2-mm gap.

For surgical patients, multiple regions of

interest of 4-10 mm2 were selected in the

predominant area of signal intensity in the

leiomyoma and myometrium, and the av-

erage values were obtained. The contrast-

to-noise ratio between the leiomyoma and

the myometrium was obtained as follows:
(S1-S�,)/noise SD, where S� indicates the

signal intensity of the leiomyoma, Sm the
signal intensity of the myometrium, and

noise SD the standard deviation of the

intensity of the background noise in the

phase-encoding direction. The Student

test was employed to determine the sig-

nificance of the difference in contrast-to-
noise ratio between the pulse sequences.

Patients who received Gn-RH therapy
underwent MR imaging and ultrasound

(US) before receiving treatment and were

followed up every 2 months with either

US or MR imaging. The treatment effects

were evaluated at 6 months (the comple-

lion of treatment) with MR imaging. The
leiomyoma volume was calculated by

means of the formula for the volume of an
ellipse (length x width x depth x
and the ratio of the volume before and
after treatment for each tumor was calcu-
lated. The change in tumor volume after
treatment was analyzed with the Wil-
coxon test. Comparison of treatment effect
in each group was done with the Tukey

Studentized range test.

All MR images, including both conven-
tional SE and dynamic enhanced images

in both the surgically and medically

treated groups, were interpreted blindly
by two investigators (Y.Y., M. Torashima)

without knowledge of pathologic results
or treatment status. Initially, images were
interpreted independently, and consensus

was obtained in conference.

a. b. c.

Figure 2. Images of multiple leiomyoma in a 61-year-old woman. (a) T2-weighted SE image (2,000/70) reveals multiple leiomyomas in the

uterus. Most leiomyomas are hypointense (arrowheads), but the largest leiomyoma in the posterior wall is hyperintense (arrow) compared
with the myometrium. (b) Dynamic enhanced images (200/15) obtained after administration of gadopentetate dimeglumine show slight en-

hancement of hypointense leiomyomas. In the largest, hyperintense leiomyoma, enhancement is seen only in the central area, suggesting that

most areas of the tumor are degenerated. (c) Representative photomicrograph of hypenntense leiomyoma demonstrates severe hyaline and

mucinous degeneration and ordinary myoma cells. (Hematoxylin-eosin stain; original magnification, x 100.)
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Radiologic-Pathologic Correlation

a. b.

Figure 3. Images of ordinary hypointense subserous leiomyoma in a 38-year-old woman.

(a) T2-weighted SE image (2,000/70) reveals a large tumor that is predominantly hypointense
(arrows) compared with the myometnum. Tortuous vessels (arrowhead) are seen around the

tumor. (b) Representative photomicrograph of the leiomyoma shows typical whorls of smooth
muscle cells with intervening collagen. No degenerative changes are seen. (Hematoxylin-eo-

sin stain; original magnification, x 100.)

a. b.
Figure 4. Images of cellular leiomyoma mimicking a solid ovarian tumor in a 38-year-old

woman. (a) 12-weighted SE image (2,000/70) reveals a relatively homogeneous tumor with
high signal intensity compared with that of myometrium in the cul-de-sac. Preoperative diag-

nosis was a left ovarian tumor, probably malignant. (b) Photomicrograph shows the tumor to

be composed of bizarre leiomyoma cells, which originated from the left isthmus. (Hematoxy-
lin-eosin stain; original magnification, x 100.)

By evaluating macroscopic findings
and pathologic slides, hyperintense
teiomyomas were categorized as ei-

ther (a) cellular teiomyoma (n = 21),

predominantly composed of densely

packed cellular fascicles of smooth

muscle with little intervening cotta-
gen (Fig 1), or (b) degenerated teio-

myoma (n = 13), composed of ordi-

nary leiomyoma cells with extensive

degenerative changes (hyalmn degen-

eration, myxomatous degeneration,
hemorrhage, cystic change, fatty
change, etc) (Fig 2). Hypointense

leiomyomas (n = 74) were predomi-
nantly composed of typical whorls of

smooth muscle cells, although degen-

eration and cellular components were
partially seen (termed “ordinary

leiomyoma”) (Fig 3). There was no

significant difference in size and loca-

tion between these three types.

Among cellular teiomyomas, two tu-

mors were diagnosed as atypical leio-

myoma (bizarre leiomyoma) (Fig 4)

and one as.bordertine malignancy
because of cytologic atypia with

higher mitosis of tumor cells (7).

Although degenerated leiomyomas

tended to have higher signal intensity
than cellular leiomyomas, there was
considerable overlap in signal inten-

sity (no significant difference, Table
1). Cellular leiomyomas were usually
homogeneous (16 of 21 tumors), white

degenerated leiomyomas were mark-

edly heterogeneous, with mixed

hypo- and hyperintense signal in

eight of 13 tumors. However, it ap-

peared to be difficult to differentiate
between these two types with con-

ventionat T2-weighted imaging. In

contrast to degenerated and cellular

teiomyomas, ordinary teiomyomas

were very hypointense, with only

minimally increased signal intensity

compared with that of myometrium

(Fig 3).

Dynamic enhanced MR imaging

was performed in 18 cellular teiomyo-
mas, 10 degenerated teiomyomas, and

15 ordinary leiomyomas. Most cellular
leiomyomas showed remarkable and

homogeneous contrast enhancement

in the early dynamic phase (30-90

seconds after administration of gado-

pentetate dimeglumine) (Fig 5). Degen-
erated teiomyomas showed irregular,

peripheral, or minimal enhancement
compared with that of myometrium,

depending on the degeneration
within the tumor (Fig 2). Ordinary
teiomyoma showed irregular, periph-

erat, or minimal enhancement (Fig 2).

Cellular and degenerated leiomyomas



a. b. C.
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Figure 5. Images of cellular leiomyoma in a 45-year-old woman. (a) 12-weighted SE image (2,000/70) reveals a homogeneous tumor with high

signal intensity (arrowhead) in comparison with that of the myometnum. (b) Dynamic enhanced images (200/15) obtained after administration

of gadopentetate dimeglumine show homogeneous marked contrast enhancement of the tumor. (c) Photomicrograph shows the tumor to be

composed of densely packed cellular fascicles of smooth muscle with little intervening collagen. No degenerative changes are seen. (Hema-

toxylmn-eosin stain; original magnification, x 100.)

were correctly differentiated in most
cases on the basis of enhancement

pattern (Table 1).

Response to Medical Treatment
in Relation to MR Appearance

Of the 38 teiomyomas treated with

Gn-RH analogues, 10 tumors that
showed homogeneous hyperintensity

with considerable enhancement were

considered cellular leiomyoma. Six

heterogeneously hyperintense tumors

with slight or irregular enhancement

were regarded as degenerated teio-

myoma. The other 22 tumors were

considered ordinary hypointense

leiomyoma.

In cellular teiomyomas, tumor vol-

ume was reduced significantly after
treatment (P = .02), white there was

no significant reduction in the volume

of degenerated teiomyomas (Table 2).
The response in ordinary leiomyomas

was variable but not statistically sig-

nificant. There was a significant dif-

ference in response to treatment be-

tween cellular leiomyomas and

degenerated leiomyomas (P < .01).

The signal intensity did not change in
ordinary and degenerated leiomyo-

mas after treatment. Among cellular

leiomyomas, six remained hyperin-
tense and four became hypointense.

DISCUSSION

Ordinary teiomyomas are charac-

terized by whorled bundles of smooth
muscle cells separated by a greater or

lesser amount of vascutarized connec-
tive tissue. Foci of fibrosis, hyatin de-

generation, fatty metamorphosis, cal-

cification, and ischemic necrosis with

hemorrhage may occur in various de-

grees. The term degenerated leiomyoma
is used for tumors with predominant

degenerative characteristics. Cellular

leiomyoma is a specific subtype of

teiomyoma composed of densely

packed cellular fascicles of smooth

muscle with little intervening cotta-

gen. The cytoplasm is usually abun-

dant. Tumors having bizarre tumor

cells with variation in size and shape,

hyperchromatic nuclei, and multi-

nucleated form, but no increased mi-
totic activity, are designated bizarre

leiomyoma (Fig 4). Leiomyomas com-

posed of cellular fascicles with greater

mitotic activity may be leiomyosar-

coma (7). One might expect that uter-

me teiomyosarcomas would have

higher signal intensity and be less

welt defined than teiomyomas, but

thus far there has not been sufficient
experience with MR imaging in differ-

ential diagnosis of these rare malig-
nancies (8). This differentiation can be

done only histologically (7).
The signal intensity of leiomyoma

varies depending on degeneration or

cellular content (1-3). Differentiation

between hyaline, myxomatous, fatty,

or mucinous degeneration and hyper-

cellularity or malignant transforma-
tion has not been possible at MR im-

aging (1). In our study, slightly

hyperintense tumors were more likely

to be cellular leiomyoma, while mark-

edly hyperintense tumors with heter-

ogeneous architecture tended to be

degenerated. However, there seemed

to be considerable overlap in MR ap-

pearance between these two types on

conventional T2-weighted images.

Cellular or degenerated subserosat

teiomyomas also need to be differenti-

ated from ovarian or other pelvic tu-

mors (Fig 4).

Although contrast enhancement

usually does not improve detection or

characterization of leiomyomas (9),

differentiation of hyperintense leio-

myomas could be made with greater

specificity. Cellular leiomyomas
showed homogeneous contrast en-

hancement in the early dynamic

phase in our study, while degener-

ated leiomyomas showed minimal or
irregular enhancement (Figs 2, 5). Be-

cause cellular teiomyomas enhanced

prominently in the early dynamic

phase, the contrast between the myo-

metrium and the teiomyoma on dy-

namic enhanced images was superior

to that on postcontrast Ti-weighted
images.

MR imaging can be used to docu-
ment the regression of leiomyomas
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after treatment with Gn-RH ana-
logues (4,5). Successful treatment is
depicted as decreased tumor volume
and decreased conspicuity of periph-
eral vessels. Although treatment with
Gn-RH analogues results in a de-
crease in size of the uterine teio-

myoma, the development of osteopo-

rosis due to estrogen deprivation can

occur (6). Therefore, if we could pre-
dict treatment effect before adminis-
tration of the drug, the potential ad-

verse effects might be avoided.
The mechanism for reduction of

leiomyoma after treatment with
Gn-RH analogues is not known. It has
been shown histologically that leio-
myomas treated with Gn-RH ana-

logues reveal significant reduction in

cellularity and an increase in hyatin
degeneration (10,11). The tack of es-
trogen caused by administration of
Gn-RH analogues may be one of the
primary causes of the significant re-

duction in cellularity and tumor size
(10). The response to treatment in hy-
perintense teiomyomas with contrast
enhancement-indicating cellular
leiomyoma-was significant, probably
because the cellular component is

abundant and fibrous tissue is scarce
in this type of teiomyoma. In some
ordinary leiomyomas with a small

amount of fibrous tissue, Gn-RH ana-
logue therapy may be effective. How-
ever, this treatment may not be mdi-
cated in degenerated leiomyoma.
Although cellular and degenerated
leiomyomas have similar appearances
on conventional T2-weighted images,
differentiation between these two va-
rieties can be accomplished with con-
trast-enhanced MR imaging. Because

the number of patients with each type
of leiomyoma was limited in this
study, further correlation between

type of teiomyoma and treatment ef-
fect will be required to establish the
indication for this treatment.

In conclusion, both degenerated
and cellular teiomyomas exhibit hy-
perintensity at SE MR imaging, but
response to treatment with Gn-RH
analogues differs significantly be-
tween these varieties. Dynamic en-
hanced MR imaging enables differen-
tiation between these types of
leiomyoma. Evaluation of signal in-
tensity with T2-weighted imaging
and the pattern of enhancement pro-
vide useful information on the nature
of teiomyomas and may be helpful in
the planning of treatment. U

ADDENDUM

We recently encountered two cases of
hyperintense leiomyoma that were nei-

ther cellular nor degenerative. On T2-
weighted images, both tumors were ir-
regularly hyperintense, with mixed
hyperintense and hypointense areas. On
dynamic enhanced MR images, marked
enhancement corresponding to hyperin-
tense areas on T2-weighted images was
seen. At histologic examination, extensive
edema was seen in the interstitial space.
Thus, in differentiating hyperintense leio-
myomas, the diagnosis of leiomyoma with
edema should be considered in addition to
the diagnoses of cellular or degenerative
leiomyoma.
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