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Objective: Hyperintense area on T7; weighted images
(77 HIA) have been reported as suggestive features of
uterine leiomyosarcoma (LMS), but differentiating LMS
from leiomyoma (LM) is often difficult. This study aimed
to evaluate the differences between uterine LMS and LM
demonstrating intratumoral 7; HIA.

Methods: MRI was performed in 509 patients with 1137
uterine smooth muscle tumours [14 LMSs, 5 smooth
muscle tumours of uncertain malignant potential , and
1118 LMs] which exceeded 3cm in diameter. LM with red
degeneration and lipoleiomyoma were excluded from
the study. We retrospectively reviewed the images and
assessed T; HIA within tumours.

Results 7; HIAs were observed in 11/14 (78.6%) LMSs, O/5
(0%) smooth muscle tumours of uncertain malignant

INTRODUCTION

Uterine leiomyosarcoma (LMS) is a rare aggressive mesen-
chymal tumour, and 5-year survival rates according to
stages have been reported as follows: Stage I, 76%; Stage II,
60%; Stage 11, 45%; and Stage IV, 29%." In contrast, uterine
leiomyoma (LM) is a common benign tumour that occurs
in approximately 20-40% of reproductive-age females.’
Pre-operative differential diagnosis between LMS and LM
based solely on clinical features is very difficult." MRI is a
useful tool for tumour detection and characterization as
well as for the assessment of disease staging."* However, it
is also often difficult to distinguish LMS from LM using MR
imaging because various degenerations, growth patterns,
and complications occur in LM.>¢

Increased signal intensity on T weighted images, moderate
signal intensity on T, weighted images, and ill-demarcated
margins have been reported as the most suggestive features
of LMS.*® Hyperintense area on T; weighted images (T

potential, and 15/1118 (1.3%) LMs. T; HIAs were more
homogenous (53 vs 0%, p < 0.01) and more well-de-
marcated (60 vs 9%, p < 0.05) in LMs than in LMSs.
T, hypointense rim within 7; HIA (53 vs 9%, p < 0.05)
was more frequently observed in LMs than in LMSs. The
occupying rate of 7; HIA (0.20 = 0.24 vs 0.42 + 0.27,
p < 0.05) was smaller in LMs than in LMSs. The signal
intensity ratio of 7; HIA (1.83 = 0.36 vs 1.38 + 0.23, p <
0.01) was greater in LMs than in LMSs.

Conclusion: 7; HIA within LM showed more homoge-
neity, better demarcation, smaller occupying rate, and
higher signal intensity than 7; HIA within LMS.
Advances in knowledge: The differences in 7; HIA within
tumours may be useful for differentiating between LMS
and LM.

HIA) is also demonstrated in LM with red degeneration and
lipoleiomyoma. Although T} HIA is the most important
imaging finding of LMS, benign LM, excluding both LM
with red degeneration and lipoleiomyomas, rarely demon-
strates T} HIA. Therefore, if a uterine tumour demonstrates
T, HIA within the tumour, radiologists often have difficulty
differentiating between benign and malignant tumours.
However, to our knowledge, no study has assessed detailed
MR findings of uterine smooth muscle tumours with T
HIA. Thus, this study aimed to evaluate the differences in
MR imaging findings between LMS and LM demonstrating
T, HIA.

METHODS AND MATERIALS

Patients

The study was approved by the human research committee
of our Institutional Review Board, and complied with the
guidelines of the Health Insurance Portability and Account-
ability Act. The requirement for informed consent was
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waived due to the retrospective nature of this study. We searched
the electronic medical records at Gifu University Hospital for
details of patients with histopathologically-proven uterine
smooth muscle tumours, who pre-operatively underwent MRI
between May 2005 and November 2016. After excluding patients
with tumours <3 cm, 509 consecutive patients with uterine
smooth muscle tumours [14 LMSs, 5 smooth muscle tumours
of uncertain malignant potential (STUMPs), and 490 LMs] were
included. Among these patients, 14 LMSs, 5 STUMPs, and 1118
LM:s were recognized on MR images. Most patients underwent
hysterectomy or myomectomy for tumour removal, but some
LMs were incidentally found during hysterectomy performed
for other diseases, such as endometrial cancer, cervical cancer,
ovarian tumour, or advanced colorectal cancer.

MRI

MRI was performed using a 1.5 T MRI system (Intera Achieva
1.5 T Pulsar; Philips Medical Systems, Best, Netherlands) or
a 3 T MRI system (Achieva Quasar Dual 3 T; Philips Medical
Systems, Best, Netherlands). All MR images were obtained in the
transverse plane at a section thickness of 5 mm with 2 mm inter-
section gap. Non-fat-suppressed T} weighted spin-echo images
[repetition time/echo time (TR/TE, 556-782/10-17 ms; imaging
matrices, 512 x 512; field of view, 26 x 26-32 x 32] cm, fat-
suppressed T} weighted spin-echo images (TR/TE,
548-816/10-15 ms; imaging matrices, 512 x 512; field of view, 26
X 26-32 x 32 cm), and T, weighted fast spin-echo images (TR/
TE, 4,412-7,402/90-100 ms; imaging matrices, 512 x 512; field
of view, 26 x 26-32 x 32 cm) were obtained.

Image assessment

Two radiologists (with 18 and 4 years of post-training experi-
ence in genitourinary imaging), unaware of patient clinical and
histopathological data, reviewed individually all MR images, and
qualitative assessments were initially performed in a patient and
were subsequently performed in another patient. Any disagree-
ments of quantitative results between the two reviewers were
resolved in consensus. When all qualitative assessments were
finished, quantitative assessments were performed by the former
(experienced reviewer) in a randomized fashion.

First, the reviewers assessed the presence of intratumoral T
HIA. T} HIA was visually defined as signal intensity higher
than that in the skeletal muscles at the same level. T} HIA due
to phase-encoded motion artefact or flow-related enhancement
was carefully excluded. Second, if the reviewers confirmed the
presence of T} HIA within the tumour, the presence of fat tissue
on fat-suppressed T weighted images was also evaluated. When
T} HIA was caused by fat tissue, the tumour was defined as lipo-
leiomyoma. Subsequently, qualitative and quantitative assess-
ments were performed for LMS with T} HIA and LM with T
HIA excluding LM with red degeneration and lipoleiomyoma.

As a qualitative assessment, the reviewers assessed the frequency;,
signal uniformity (homogeneous or heterogeneous), margin
(well-demarcated or ill-demarcated), and distribution (central
or peripheral) of intratumoral T} HIA. Central distribution was
defined as centric location regardless of the square measure
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of intratumoral T} HIA, whereas peripheral distribution was
defined as peripheral or eccentric location. The presence of T,
hypointense rim within T} HIA, which was defined as ring-like
hypointensity on T, weighted images along the periphery of T;
HIA, was also evaluated.

As a quantitative assessment, the experienced reviewer measured
the maximum diameters of the tumours and counted the number
of T; HIAs. The square measure of both T; HIA and whole
tumour were also measured using commercially available Digital
Imaging and Communications in Medicine viewers, and the
occupying rates were calculated as the T; HIA-to-whole tumour
square measure ratio. In addition, the reviewer defined regions
of interest (ROIs) within T} HIA and recorded the signal intensi-
ties. ROIs were placed to encompass 77 HIA and conform to the
shape of T; HIA as much as possible (Figure 1a). Signal intensi-
ties of the skeletal muscle (iliopsoas muscle or gluteal muscle)
with as little intramuscular fat as possible at the same level of T
HIA were also measured (Figure 1a). The reviewer copied the
ROIs of both T} HIA and the skeletal muscle, pasted them on
the same level of T, weighted images (Figure 1b), and calculated
them as the T} HIA-to-skeletal muscle signal intensity ratio on T}
and T, weighted images.

Statistical analysis

All statistical analyses were performed using SPSS v. 22.0 (SPSS,
Inc, an IBM Company, Chicago, IL). The x* test or Fisher exact
test was performed to compare the qualitative results (frequency,
signal uniformity, margin, distribution of T} HIA, and T,
hypointense rim within T; HIA) between LMS with T} HIA and
LM with T} HIA excluding LM with red degeneration and lipo-
leiomyoma. The unpaired t-test was used to compare the quan-
titative results (age, maximum diameter of tumour, number of
T) HIAs, occupying rate of T} HIA, and signal intensity ratio of
T, HIA on T) and T, weighted images) between LMS with T}
HIA and LM with T} HIA excluding LM with red degeneration
and lipoleiomyoma. Variables with p-values <0.05 in each quan-
titative analysis of MR findings were chosen for multiple logistic
regression analysis.

RESULTS

Intratumoral T HIA was revealed in 30 benign smooth muscle
tumours of the uterus. Among them, 11 LMs with red degen-
eration and 4 with lipoleiomyomas, as confirmed by patholog-
ical examination or typical MR findings, were excluded from the
study. In total, T} HIAs were observed in 11/14 (78.6%) LMSs,
0/5 (0%) STUMPs, and 15/1118 (1.3%) LMs (Table 1). Thus,
qualitative and quantitative assessments were performed for 11
LMSs with T} HIA and 15 LMs with T| HIA excluding LMs with
red degeneration and lipoleiomyomas. Patient characteristics
accompanied by T} HIA are summarized in Table 2.

Qualitative imaging findings and quantitative measurements
of LMSs and LMs demonstrating T} HIA are summarized in
Table 3. T} HIAs were more homogeneous (53 vs 0%, p < 0.01)
and more well-demarcated (60 vs 9%, p < 0.05) in LMs than in
LMSs (Figures 1-5). T, hypointense rims within 77 HIA (53 vs
9%, p < 0.05) were more frequently observed in LMs than in

2 of 7 birpublications.org/bjr

Br J Radiol;91.20170767


http://birpublications.org/bjr

Full paper: Difference of T; HIA between uterine leiomyosarcomas and leiomyomas

Figure 1. A 48-year-old female with uterine leiomyoma. (a) T; weighted spin-echo image (TR/TE, 728/10 ms) shows a homogene-
ous, well-demarcated, peripheral, moderately hyperintense area (arrow). The experienced reviewer placed ROls to encompass T;
HIA and conform to the shape of T; HIA as much as possible (black dotted circle) and on the skeletal muscle as little intramuscular
fat as possible at the same level of T; HIA (white dotted circle). (b) T, weighted fast spin-echo image (TR/TE, 4500/108 ms) shows
a heterogeneously hyperintense lesion (arrow) within the myometrium of uterine body. The reviewer copied these ROIs of both
T; HIA and the skeletal muscle and pasted on the same level of T, weighted images (dotted circles). 77 HIA, hyperintense area on
T, weighted images; ROIs, regions of interest; TE, echo time; TR, repetition time.

LMSs (Figures 1-5). No significant difference was observed in
central distribution (53 vs 18%, p = 0.078) between LMs and
LMSs.

Patients with LMs were younger than those with LMSs (42.4
+ 5.7 vs 59.5 £ 114 years, p < 0.01), and maximum tumor
diameter was smaller (87.9 + 31.9 vs 114.7 + 33.533.6 mm, p <
0.05) in LMs than in LMSs. The occupying rate of T; HIA (0.20
+ 024 vs 0.42 £ 0.27, p < 0.05) were smaller in LMs than in
LMSs (Figures 1-5). The signal intensity ratio of T HIA (1.83 +
0.36 vs 1.38 + 0.23, p < 0.01) was greater in LMs than in LMSs
(Figures 1-5). No significant difference was observed in the
number of T} HIAs (2.00 + 1.77 vs 2.36 + 1.80, p = 0.613) or in
the signal intensity ratio of T HIA on T, weighted images (5.90
+3.79 vs 5.61 £2.24, p = 0.826).

DISCUSSION

One of the characteristic MR findings of LMS is T HIA.*¢®
However, LM with red degeneration and lipoleiomyoma also
demonstrates intratumoral T} HIA. Red degeneration is a haem-
orrhagic infarction known to result from venous occlusion and
is associated with pregnancy, oral contraceptive use, gonadotro-
pin-releasing hormone agonist therapy, and/or torsion of pedun-
culated leiomyomas.>>*!* Unlike other types of degeneration,
red degeneration usually causes systemic symptoms, such as
low abdominal pain, pyrexia, and leukocytosis™'! and typically
exhibits peripheral rim-like or diffuse T; HIA and variable signal
intensity with or without T, hypointense rim.>>'*%13 Therefore,

Table 2. Patient characteristics accompanied by 7; HIA

The multiple logistic regression analysis showed that the higher b o LMS with T; | LM with T,
signal intensity ratio of T} HIA on T; weighted images was Characteristics HIA HIA
significantly correlated with the presence of LM (odds ratio,
Number of patients/tumour 11 15
312.0; p < 0.05).
Age (year)
Table 1. The frequencies of T; HIA in uterine smooth muscle Range 43-74 27-4
tumours
Mean 59.5 42.4
LMS STUMP LM Menstruation
Number of patients 14 5 490 Pre-menopausal 3 14
Number of tumours 14 5 1118 Post-menopausal 8 1
Tumours with T; HIA 11 0 15 Hormonal therapy
Frequency 78.6% 0% 1.3% None 11 10
HIA, hyperintense area; LM, leiomyoma; LMS, leiomyosarcoma; Oral contraceptives 0 2
STUMP, smooth muscle 'Fumour of uncertain malignant potential; T; GnRH agonist 0 3
HIA, HIA on T; weighted images.

These tumours exceeded 3 cm in diameter. LM with red degeneration
(n = 11) and lipoleiomyoma (n = 4) accompanied by 7T; HIA were
excluded.

HIA, hyperintense area; LM, leiomyoma; LMS, leiomyosarcoma;
GnRH, gonadotropin-releasing hormone; T; HIA, HIA on T; weighted
images.
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Table 3. Qualitative imaging findings and quantitative measurements of LMSs and LMs accompanied by 77 HIA
‘ LMS with T, HIA (n =11) ‘ LM with T; HIA (n = 15) ‘ p-value
Qualitative imaging findings of T} HIA
Homogeneous 0 (0) 8 (53) 0.004°
Well-demarcated 1(9) 9 (60) 0.011¢
Central distribution 2(18) 8 (53) 0.078
T, hypointense rim 1(9) 8 (53) 0.024
Quantitative measurements
Age of patients 59.5 + 11.4 (43-74) 42.4+ 5.7 (27-54) <0.001°
Maximum diameter of tumour 114.7 + 33.6 (62-179) 87.9 +31.9 (40-146) 0.049¢
Number of T, HIA 2.36 + 1.80 (1-7) 2.00 + 1.77 (1-7) 0.613
Occupying rate of T; HIA 0.42 + 0.27 (0.08-0.98) 0.20 + 0.24 (0.01-0.69) 0.038
Signal intensity ratio of T HIA
T, weighted images 1.38 £0.23 (1.18-1.91) 1.83 +0.36 (1.25-2.59) <0.001°
T, weighted images 5.61 + 2.24 (3.06-8.66) 5.90 +3.79 (1.11-16.81) 0.826

HIA, hyperintense area; LM, leiomyoma; LMS, leiomyosarcoma; 7; HIA, HIA on T; weighted images.

In qualitative imaging findings, data are numbers of patients, and numbers in parentheses are frequencies expressed as percentages. In quantitative
measurements, data are age, maximum diameter of tumour, number of T; HIA, occupying rate of T; HIA, and signal intensity ratio of 7; HIA on T;
and T, weighted images, with the mean * 1 standard deviation, and numbers in parentheses are range of numbers.

9Significant difference in frequency or value was found between LMS and LM.

radiologists can easily diagnose red degeneration using both
clinical presentation and characteristic MR findings. Meanwhile,
T, HIA in lipoleiomyoma corresponds with fatty components
and fat-saturated sequences are helpful in diagnosing lipoleio-
myoma.'*!> If LM with red degeneration and lipoleiomyoma
demonstrates characteristic MR findings, malignancy can be
ruled out. Thus, we excluded LM with red degeneration and
lipoleiomyoma in the present study. However, even though LM
with red degeneration and lipoleiomyoma are excluded, benign
uterine LMs rarely demonstrate T HIA within the tumours.

Histopathologically, tumour necrosis is frequently observed
within both LMS and LM, but considerable differences exist

between the two pathologies. Although several types of necrosis
are found in uterine smooth muscle tumours, they are roughly
divided into two types: coagulative necrosis (tumour cell
necrosis) and infarct-type necrosis (hyaline necrosis). Coag-
ulative necrosis, which is common in LMS, is characterized by
an abrupt transition from viable to non-viable areas, without
interposed inflammation, granulation, or hyalinized tissue.'®'”
On the other hand, infarct-type necrosis, which is common
in LM, is characterized by the presence of either granulation
tissue or hyalinization between viable and non-viable areas and
is frequently associated with recent or old haemorrhage.'®!
Coagulative necrosis is observed only in LMS;'*"'® therefore, it
is considered an important pathological finding for diagnosing

Figure 2. A 43-year-old female with uterine leiomyoma. (a) 7; weighted spin-echo image (TR/TE, 728/12 ms) shows a homogene-
ous, well-demarcated, peripheral, moderately hyperintense area (arrow) within the tumour (signal intensity ratio of 7; HIA: 1.74).
(b) Fat-suppressed T; weighted spin-echo image (TR/TE, 758/12 ms) clearly demonstrates intratumoral hyperintense area (arrow)
compared with non-fat-suppressed T; weighted image. (c) T, weighted fast spin-echo image (TR/TE, 4412/100 ms) shows a het-
erogeneously hypointense lesion (arrow) within the myometrium of uterine body. Peripherally located focal area with hypointense
rim is observed at the same site of T; HIA (arrow head). 77 HIA = HIA on T; weighted images; TE, echo time; TR, repetition time.

4 of 7 birpublications.org/bjr

Br J Radiol;91.20170767


http://birpublications.org/bjr

Full paper: Difference of T; HIA between uterine leiomyosarcomas and leiomyomas

Figure 3.A 27-year-old female with uterine leiomyoma. (a) T; weighted spin-echo image (TR/TE, 728/10 ms) shows heterogene-
ous, ill-demarcated, central, moderately hyperintense areas (arrows) within the tumour (signal intensity ratio of 7; HIA: 1.94). (b)
T, weighted fast spin-echo image (TR/TE, 5298/100 ms) shows a heterogeneously hyperintense lesion (arrow) within the myome-
trium of uterine body. Centrally located focal areas with hypointense rim are observed at the same site of T; HIA (arrow heads). T;
HIA = HIA on T; weighted images; TE, echo time; TR, repetition time.

LMS.'72! Although the distinction between coagulative necrosis
and infarct-type necrosis is usually straightforward, the difficulty
in the reliable histopathological distinction between the two has
been reported.'®!”1%21

T, HIA within LMS corresponds with intratumoral coagula-
tive necrotic foci,*’ whereas that within LM corresponds with
hyaline necrosis with associated recent or old haemorrhage.
In our series, the MR characteristics of T} HIA were consider-
ably different in signal uniformity, margin, T, hypointense rim,
occupying rate, and signal intensity ratio between LMS and
LM. Specifically, T; HIA within LMS showed more heteroge-
neity, more ill-demarcation, larger occupying rate, and lower
signal intensity than T} HIA within LM. The larger occupying
rate of T HIA within LMS suggested widespread distribution
of coagulative necrosis. The signal intensity ratio of T HIA was
greater in LMs than in LMSs, because the concentration of blood

products (haemoglobin) tended to occur in LMs. T, hypointense
rim within T} HIA, which was more frequently observed in LM,
corresponded with hemosiderin deposition and suggested long-
standing intratumoral haemorrhage.

The present study has several limitations. First, the study population
was small as the study was conducted at a single institution (Gifu
University Hospital). Especially, because LMS is a potentially rare
tumour, the numbers of LMS are too small in the present study.
Second, two different MRI scanners were used because of the retro-
spective nature of this study. However, we believe that the results
would not have differed considerably if we obtained images using
the same MRI scanner, because only conventional MR sequences
were assessed in this study. Third, we assessed only conventional
unenhanced MR images and did not evaluate contrast-enhanced
images and diffusion-weighted images. However, we believe
that these simple results will contribute to clinical practice in the

Figure 4. A 47-year-old female with uterine leiomyosarcoma. (a) T; weighted spin-echo image (TR/TE, 668/10 ms) shows a het-
erogeneous, ill-demarcated, peripheral, slightly hyperintense area (arrow) within the tumour (signal intensity ratio of 7; HIA: 1.26).
(b) Fat-suppressed T; weighted spin-echo image (TR/TE, 748/10 ms) clearly demonstrates intratumoral hyperintense area (arrow)
compared with non-fat-suppressed T; weighted image. (c) T, weighted fast spin-echo image (TR/TE, 4856/100 ms) shows a
well-demarcated, heterogeneously hyperintense lesion (arrow) within the myometrium of uterine body. A focal area with hypoin-
tense rim is not observed. T; HIA = HIA on T; weighted images; TE, echo time; TR, repetition time.
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Figure 5. A 63-year-old female with uterine leiomyosarcoma. (a) 7; weighted spin-echo image (TR/TE, 816/8 ms) shows het-
erogeneous, ill-demarcated, peripheral, slightly hyperintense areas (arrows) within the tumour (signal intensity ratio of 7; HIA:
1.32). (b) T, weighted fast spin-echo image (TR/TE, 3883/119 ms) shows a well-demarcated, heterogeneously hyperintense lesion
(arrow) within the myometrium of uterine body. A focal area with hypointense rim is not observed. T; HIA = HIA on T; weighted

images; TE, echo time; TR, repetition time.

radiological differentiation of LMS from LM. Fourth, because
STUMP demonstrating T} HIA was not observed in this study,
further investigation is warranted to determine the characteristic
imaging findings of STUMP.

CONCLUSIONS

In this study, T; HIA within LM showed more homogeneity,
better demarcation, smaller occupying rate, and higher signal

intensity than T} HIA within LMS. T, hypointense rim within
T, HIA was more frequently found in LM than in LMS. These
differences of MRI findings may be useful for differential
diagnosis between LMS and LM in addition to the difference
of patients’ ages and menstrual status. Therefore, if a uterine
tumour demonstrates T} HIA within the tumour radiologists
should keep in mind the differences of MRI findings between
LMS and LM.
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