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Abstract
Objective: In patients with adenomyosis, T2-weithted MRI
imaging sometimes shows numerous thick and wide glands directly
infiltrating from the endometrium into the muscle layer (we have
termed shimofuri-type). To clarify the incidence of adenomyosis cases
with shimofuri-type, the relationship with endometrial neoplastic
lesions and differences from other types of adenomyosis in regard to
biological characteristics were investigated.
Materials & Methods: We differentiate adenomyosis into four
subtypes: which are subtype I (connected to the endometrium),
subtype II (connected to the perimetrium), subtype III (not connected
to either the endometrium or perimetrium), and subtype IV (replacing
the entire uterine wall). We also differentiate adenomyosis into three
categories: which are focal type (adenomyosis lesion occupy focal
part of anterior or posterior wall), diffuse type (adenomyosis lesion
occupy both anterior and posterior walls), cystic type (adenomyosis
containing bloody fluid in the center of the lesion). Those scheduled
for adenomyomectomy were divided into shimofuri-type and another
type of adenomyosis. Pre-operative MRI findings, histological findings
of resected samples, and gross findings, as well as findings for resected
volume, tumor location, type of adenomyosis, and patient prognosis
were compared between the groups.
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married at a later age has been increasing. Consequently, the role of
magnetic resonance imaging (MRI) has been significantly greater, not
only to differentiate adenomyosis from myoma, but also contribute
to know the location and distribution of the lesions in the uterus and
to suspect histogenesis. A diagnosis of uterine adenomyosis is made
based on junctional zone thickening and high-intensity spots shown
in that zone by T2-weighted MRI [1,2]. In MRI examinations of
affected patients, we have found enlarged endometrial glands with an
appearance of large tree roots that show a wide and deep infiltration
into the myometrium. Upon considering these characteristics, we
noted a similarity to shimofuri (well-marbled) wagyu (Japanese beef),
thus we have termed this condition as shimofuri-type adenomyosis.
Here, we present details of 17 such patients treated at our hospital
since 2002.

Patients and Methods
During the 17-year period from 2002 to 2019, a total of 1900
patients received conservative surgical treatment for pathologically
diagnosed uterine adenomyosis and about three hundred patients has
been achieved pregnancy after the surgery at our hospital [3].
With the advent of conservative surgery at our hospital, we have
divided adenomyosis into focal, cystic, and diffuse types according to
the development form in order to choose the proper surgical method
[4]. Focal adenomyosis is further classified according to the location
of the focus on the anterior, posterior, fundal, and lateral wall [3]. In
addition, we differentiate adenomyosis into four subtypes according
to the definition of Kishi et al [5]: which are subtype I (connected to
the endometrium), subtype II (connected to the perimetrium), subtype
III (not connected to either the endometrium or perimetrium), and
subtype IV (replacing the entire uterine wall). All patients underwent
MRI with a 1.5-Tesla scanner (Archiva 1.5T Pulser, Philips) without
an antiperistaltic agent as part of diagnosis and preoperative work-up
examinations, with images obtained from 1874 patients reviewed for
the present study. Characteristic T2-weighted findings of shimofuritype adenomyosis included (1) multiple large glands opened to the
uterine cavity (Figures 1, 2), (2) the largest gland diameter greater than
5 mm (Figures 1, 2), (3) glands usually branching or forming a network
in the muscle layer (Figure 2B), (4) a large number of polypoid lesions

Results: A total of 1900 patients, all of them want to preserve
their uterus, underwent conservative surgery and were enrolled, of
whom 17 (0.9%) were diagnosed with shimofuri-type adenomyosis.
All were classified as subtype I and 13 of 17 patients (76.5%) had a
large number of polypoid lesions on the surface of the uterine cavity. As
compared to those with other types of adenomyosis, 13 of 17 patients
(76.5%) shimofuri-type patients were nulligravid, with approximately
half classified with diffuse type, and the resected weight of the focus
was significantly larger. In 5 patients with shimofuri-type, neoplastic
lesions, including endometrial cancer, atypical endometrial hyperplasia,
and atypical polypoid adenomyoma were found to coexist.
Conclusion: Our results showed that shimofuri-type adenomyosis
is different from other types adenomyosis in regard to imaging findings.
From the affected patients are sometimes complicated with neoplastic
disease, it is important to examine for endometrial neoplastic lesions
prior to treatment for patients with shimofuri-type.

Introduction
In the era surgical treatment for adenomyosis was only hysterectomy,
it was not necessary to know the location of the lesion or classify the
disease. Recently, conservative management for adenomyosis has
been an important issue in Japan, because the number of women who

Figure 1: T2-weighted MR image, sagittal view (patient No. 17). A
large number of polypoid lesions can be seen on the surface of the
uterine cavity (short arrow) and multiple large glands were found
opened to the uterine cavity (long arrow). The diameter of the largest
glands was greater than 5 mm.
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demarcated from the endometrial cavity in MRI findings. In cases
with that condition, the endometrial epithelium showed a brushlike appearance and multiple polypoid lesions covered the surface
of the endometrial cavity (Figure 1, 2). In contrast, no characteristic
high intensity spots were seen with T1WI in typical cases unless the
adenomyosis lesion included hemorrhagic foci (Figure 3). Also, thick
glands were sometimes noted in transvaginal ultrasonography findings
(Figure 4).

Incidence
Of the 1874 patients evaluated, 17 (0.9%) were determined to have
shimofuri-type adenomyosis.

Age
B

The mean age of patients with shimofuri-type adenomyosis was
36.1 years (range 18-48 years), while that of those with other types
was 37.9 years. There was no significant difference in age distribution
between the patient groups (Table 2).

Obstetric History
Four patients with shimofuri-type had a history of pregnancy, of
whom one was multiparous, while the other 13 (76.5%) had never
been pregnant (Table 1). In contrast, 50.7% of patients with another
type of adenomyosis had a history of pregnancy (Table 2). Thus, the
incidence of never pregnant was significantly greater in association
with shimofuri-type adenomyosis.

Figure 2: T2-weighted MR image (patient No. 15). A sagittal view is
shown in (A) and oblique view in (B). Multiple thick glands were found
extending throughout the uterine wall. The uterine cavity was not well
demarcated and multiple brush-like findings were demonstrated in the
uterine cavity. Glands were found to branch (long arrow in B) and form
a network (short arrow in B) in the muscle layer.
located on the surface of the uterine cavity (Figures 1, 2). We defined
the shimofuri-type adenomyosis as follows. (1) glands are branching or
forming a network in the muscle layer and the largest gland diameter
is greater than 5 mm, (2) in addition to one of the previous two items,
multiple large glands are opening to the uterine cavity, or a large number
of polypoid lesions are located on the surface of the uterine cavity. All
interpretations of MRI leading to a diagnosis of adenomyosis were
performed by one of the authors (MN) together with the assistance of
several radiologists. Based on a detailed review of pre-operative MRI
results, cytological or histological findings of preoperative endometrial
tissue, histological findings of resected tissue, and gross findings
obtained during surgery, as well as findings showing resected volume,
tumor location, type of adenomyosis, and patient prognosis, shimofuritype was compared with other types of adenomyosis. Statistical
analyses were performed using a chi-square test and paired Student’s
t test. The study protocol received local institutional board approval
(26-11). Informed consent was obtained from all individual participants
included in this study. The authors have no conflict of interests to
declare and no funding was received in relation to this study.

Figure 3: T1-weighted MR image, sagittal view (patient No. 17). No
high intensity spots are seen because the adenomyosis lesions of this
patient do not include hemorrhagic foci.

Results
MRI findings
MR imaging of shimofuri-type adenomyosis cases (n=17) showed
either a focal (Figure 1) or diffuse (Figure 2) focus. Characteristic
findings defined for shimofuri-type adenomyosis in this study included
opening of glands in 94.1% (16/17), large glands in 88.2% (15/17),
glandular branching in 100% (17/17), and polypoid endometrium in
76.5% (13/17) (Table 1). Furthermore, when an adenomyosis lesion
showed infiltration throughout the uterine wall, large cysts could be
formed near the serosa. Some adenomyosis lesions were not clearly

Figure 4: Transvaginal ultrasonography findings (patient No. 5). Thick
glands were detected as areas of low intensity in both the anterior and
posterior walls.
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Table 1: Patient Characteristics.

Dysmenorrhea Gravidity/
No. Age Location Subtype
(VAS)
Parity

Resected 2/0
Weight
MRI findings
(g)

Past history and comment

Remarks

PE GO GB GD
1

18

Anterior

4

10

0/0

268

(-) (+) (+) (+)

Penetrate the muscle layer

2

28

Diffuse

1

0

0/0

140

(+) (+) (+) (+)

3

28

Anterior

1

9

0/0

34

4

32

Anterior

1

9.5

2/0

344

MPA therapy due to EmCa at
23 yr.
EmCa
(+) (+) (+) (+)
IA at 23 yr. SA at 32 yr.
Delivery at 36 yr.

5

33

Diffuse

1

8.6

0/0

164

(+) (+) (+) (+)

6

33

Diffuse

4

10

0/0

88

7

35

Posterior

1

9.2

0/0

156

TCR due to adenomyoma at
28 yr.
Delivery at 35 yr.
Intramural abscess
(+) (+) (+) (+)
APAM

8

35

Diffuse

1

8.4

0/0

136

(+) (+) (+) (+)

TCR due to myoma at 28yr.
NSD at 29 yr. SA at 36 yr.

Re-adenomyomectomy at 34 yr.

(-) (+) (+) (+)

(-)

(-)

(+) (+)

9

38

Anterior

1

8.8

2/1

54

(+) (+) (+) (-)

10

38

Anterior

1

10

0/0

240

(+) (+) (+) (-)

11

38

Posterior

1

10

0/0

112

(+) (+) (+) (+)

12

40

Diffuse

1

8.4

0/0

224

(-) (+) (+) (+)

13

41

Anterior

1

9.4

0/0

320

(+) (+) (+) (+)

14

42

Diffuse

4

8.1

1/0

510

(+) (+) (+) (+)

15

43

Diffuse

1

1

0/0

474

(+) (+) (+) (+)

16

43

Diffuse

1

10

0/0

1236

(+) (+) (+) (+)

17

48

Posterior

1

8.5

1/0

422

(+) (+) (+) (+)

Myomectomy at 27 yr.
AEH

SA at 35 yr.
AEH
TCR due to APAM at 40 yr.

EmCa at 50 yr.
EmCa at 47 yr.

Chemical abortion at 42 yr.

Abbreviations: VAS; visual analogue score, PE; polypoid endometrium, GO; glandular opening, GB; glandular branching, GD; glandular diameter
more than 5 mm, MPA; medroxy-progesterone acetate, EmCa; endometrial cancer, TCR; transcervical resection, NSD; normal spontaneous delivery,
IA; induced abortion, SA; spontaneous abortion, AEH; atypical endometrial hyperplasia, APAM; atypical polypoid adenomyoma, yr; years old
Table 2: Characteristics of patients with shimofuri and other type adenomyosis.
Age (y) mean (range)†
Resected weight (g) mean (range)‡
Incidence
Nulligravid (%)
Diffuse type (%)
Subtype I (%)
Coexistence with endometrial polyp or polypoid lesion (%)
Coexistence with endometrial neoplasm(%)

Shimofuri (n=17)
36.1 (18-48)
289 (34-1236)

Others (n=1857)
37.9 (14-52)
150 (1-1595)

Significance
NS
p<0.01

13 (76.5)
8 (47.1)
14 (82.4)
13 (76.5)
5 (29.4)

916 (49.3)
481 (25.9)
802 (43.2)
62 (3.3)
4 (0.2)

p<0.05
p<0.05
p<0.01
p<0.01
p<0.01

† years, ‡ grams

Location of adenomyosis
Among the present shimofuri-type cohort, focal anterior type was noted
in six, focal posterior type in three, and diffuse type in eight, thus diffuse type
adenomyosis was more common in the shimofuri-type patients (Table 2).

Differentiation
Fourteen of our 17 of our shimofuri-type patients were subtype
I, while the other three patients could not be classified because of
complete extension of the wall. Thus, all with shimofuri-type that could
be classified were subtype I.

Resected volume
The weight of resected lesions in cases of shimofuri-type ranged

from 34 to 1236 g, with a mean value of 289 g, which was significantly
greater as compared to those associated with other types of adenomyosis
(Table 2).

Dysmenorrhea, menorrhagia
In 15 of the 17 patients with shimofuri-type adenomyosis,
dysmenorrhea was very severe, with a visual analogue scale (VAS)
value greater than 8.4, though two (11.8%) had values less than 1.0.
Nevertheless, the incidence of the values less than 1.0 was significantly
greater as compared to that of values for patients with other types of
adenomyosis (9 of 1822, 0.5%).
All of the patients with dysmenorrhea complained of menorrhagia.
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eventually conceived naturally and gave birth and delivered healthy
babies. On the other hand, two had recurrence after undergoing
an adenomyomectomy, of whom one (No. 2) received a readenomyomectomy 6 years later and one (No. 15), who underwent a
hysterectomy was diagnosed with an endometrial adenocarcinoma.
Another patient (No. 14) who was diagnosed with AEH received MPA
therapy for a period of 5 years, then underwent a hysterectomy at 50
years of age was diagnosed with an endometrial carcinoma based on
pathological results.

Other findings

Figure 5: Gross findings (patient No. 16). Multiple polypoid lesions
were found covering the uterine cavity (arrow).

Findings for patient No. 1 (age 18 years) showed adenomyosis
lesions that had extended throughout the muscle layer and penetrated
into the surface epithelium, resulting in severe adhesions. Patient No.
6 complained of a repeated fever and abdominal pain with a pus-like
vaginal discharge flowing from the external ostium of the uterus. MRI
findings in that case showed multiple high intensity coin-like lesions
involving the entire uterus, from which pus flowed out during surgery.
The pathological diagnosis was adenomyosis with an intraglandular
abscess.

Discussion
In adenomyosis patients, numerous thick and wide glands may
sometimes be shown by T2-weighted MRI to directly extend from
the endometrium into the muscle layer. We attempted to clarify the
incidence of this type of adenomyosis, and investigated the relationship
with endometrial neoplastic lesions as well as differences from other
types of adenomyosis in regard to biological characteristics.
Figure 6: Microscopic findings of the resected specimen (patient
No. 14). Atypical glandular cells being compatible with atypical
endometrial hyperplasia were covering the surface of the intramuscular
glands.

Gross Findings
As for gross findings during the operation, the cut surface of
the thickened glands could be observed in the muscle layer near the
endometrium during the process of focus resection. In addition,
multiple large glands were found opened to the uterine cavity in 13
(76.5%) of the 17 shimofuri-type adenomyosis patients, with multiple
thickened polypoid endometrium portions extending into the uterine
cavity (Figure 5). Endometrial polyps were seen in 3.3% of the patients
with other types of adenomyosis, thus the rate of co-existence rate was
significantly higher in the shimofuri-type group.

Pathological Findings
Patients with preoperative detection of uterine malignancy were
excluded. In specimens obtained from all analyzed cases, microscopic
findings revealed endometrial glands with stroma in the muscle layer. In
patient No. 3, who had a history of endometrial adenocarcinoma but was in
remission under medroxyprogesterone acetate (MPA) therapy, a polypoid
lesion observed in the uterine cavity was diagnosed as adenocarcinoma in
frozen section results. However, the patient after consultation with family
members hoped to preserve her uterus, thus is currently being followed
after complete resection of the adenomyosis lesion and recurrence
sites. Although the endometrium was microscopically diagnosed as
having a benign polypoid lesion in nearly all cases, atypical endometrial
hyperplasia (AEH) (Figure 6) was found in one patient (No. 14) and an
atypical polypoid adenomyoma (APAM) was seen in the endometrium in
two others (No. 7, 15). In another patient (No. 11), AEH was revealed in
both the endometrium and adenomyosis site.

Prognosis
Of 14 married patients who expressed desire to give birth, two

We have encountered this type of adenomyosis in 0.9% of all
patients with adenomyosis who underwent conservative surgery at our
hospital.
Following are characteristics noted in those cases.
1. Thick endometrial glands were found directly extending into
the muscle layer.
2. A large number of polypoid lesions were noted on the surface
of the uterine cavity.
3. Neoplastic lesions, such as endometrial cancer, atypical
endometrial hyperplasia, and atypical polypoid adenomyoma,
were sometimes co-existent with shimofuri-type of
adenomyosis.
4. All cases of shimofuri-type adenomyosis that could be classified
were subtype I according to the definition of Kishi et al. [5].
5. Approximately half of the patients were classified with diffuse
type.
6. Most of the patients were nulligravid.
7. Patients with no complaint of dysmenorrhea were more
frequent as compared to other types of adenomyosis.
8. The resected weight of the focus in shimofuri-type adenomyosis
was significantly larger as compared to that in patients with
other types.
MRI findings of adenomyosis that have the appearance of a large
tree root in a shimofuri-type patient indicate the gross appearance of
thick endometrial glands extending to the myometrium, and are also
seen macroscopically during the operation as well as in microscopic
examinations. In most of our patients with shimofuri-type, numerous
polypoid lesions were found covering the endometrial cavity along
with thick glands extending to the myometrium, which were the cause
of brush-like features in the endometrial cavity shown by MRI, and
had a relationship with the thickness as well as neoplastic growth of
the endometrium. Of the present 17 shimofuri-type patients, one had
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a history of endometrial cancer, two had an APAM, and two were
diagnosed with AEH. Moreover, one of the patients with APAM and
another with AEH later underwent a hysterectomy, and both were
diagnosed with endometrial cancer. Thus, neoplastic endometrial
disease was seen in five patients of our 17 shimofuri-type cases, while
an endometrial carcinoma developed in three. The relationship of
neoplastic lesions with shimofuri-type adenomyosis is considered to
be stronger than that of endometrial cancer arising from adenomyosis,
with only 44 known cases reported [6].
Traditionally, uterine adenomyosis has been considered to arise from
an invasion of normal endometrium into the myometrium [7]. Kishi et
al. proposed that adenomyosis can be differentiated into three subtypes
according to MRI findings; that developed from the endometrium
(subtype I), from endometriosis (subtype II), and from metaplastic
changes of the Mullerian system (subtype III). Furthermore, they
also indicated that subtype I has a strong relationship with a previous
pregnancy, especially in cases of induced abortion [5]. In this study,
544 (67.8%) of 802 subtype I patients with other than shimofuri-type
adenomyosis had a history of pregnancy. In other words, approximately
one-third of our cases with this type of adenomyosis developed
independent of pregnancy. Although all of the present patients with
shimofuri-type were subtype I, only three (17.6%) had a history of
pregnancy, after excluding those who underwent a chemical abortion.
Thus, shimofuri-type of adenomyosis may be considered to be subtype
I that is not induced by a previous pregnancy.
It is easy to speculate that intrauterine procedures such as curettage
accelerate endometrial invasion into the muscle layer. However,
the same type of adenomyosis also develops in patients without a
pregnancy history. Should pregnancy induce adenomyosis later, that
classified as subtype I may be divided into cases with and without a
history of pregnancy. The reason for infiltration of the endometrium
into the muscle layer without the influence of a previous pregnancy
is unknown. As for the method of infiltration of normal endometrium
tissue into uterine muscle, we speculate that the lymph system may play
an important role [8]. On the other hand, in the present shimofuri-type
cases, thick glands were found to directly extend into the muscle layer,
which is obviously different from our speculation.
In regard to the relationship between adenomyosis and endometrial
cancer, it is important to differentiate cases in which adenomyosis
coexists with endometrial cancer [8-10] from those in which endometrial
cancer arises from adenomyosis [11-14]. In the preset cohort, multiple
polypoid lesions were seen on the endometrial surface along with thick
endometrial glands infiltrating the muscle layer. Moreover, in some
of those cases, atypical glands were revealed microscopically in both
the endometrium and adenomyosis. These findings led us to consider
that in shimofuri-type adenomyosis, neoplastic lesions develop in the
endometrium, then grow in a polypoid fashion along the endometrial
surface and simultaneously infiltrate the muscle layer. Thus, neoplastic
lesions found in the myometrium are thought to not originate from
endometrial cancer infiltrating the myometrium along the adenomyosis
gland nor from the adenomyosis focus in the myometrium. Those
tissues are considered to have neoplastic potential, even though the
adenomyosis develops in a morphological manner.
One of the present patients showed multiple abscesses in the uterine
myometrium. Under the assumption that shimofuri-type adenomyosis
develops along with direct invasion by endometrial glands into
the myometrium, it is considered that the adenomyosis glands are
connected to the endometrial cavity. Therefore, once the endometrial
cavity becomes infected, it is easy to imagine that infection will
spread to the adenomyosis focus. Although such a phenomenon is not
generally seen in subtype I, it is possible that endometrial infection can
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easily spread to the adenomyosis site because the glands in shimofuritype adenomyosis are thick and rich. Once that site becomes infected,
difficult to treat abscesses may be formed, with the blind end of the
glands serving as an infectious bed.
Of the present 17 patients with shimofuri-type adenomyosis, eight
(47%) were diffuse type and nine were focal type, indicating that the
rate of diffuse type is significantly higher as compared to other types.
Furthermore, these findings suggest that the uterine wall in shimofuritype adenomyosis is more likely to have a show rather diffuse than
focal appearance.
Based on our limited experience, when confronted with a patient
with adenomyosis, who shows numerous thick and wide glands directly
extending from the endometrium into the muscle layer in T2-weighted
MRI imaging, it is important to keep in mind that not only are the
intramural glands thick, but sometimes the condition is accompanied
by a neoplastic disease such as APAM or AEH, though rarely by an
adenocarcinoma in the endometrium. Although the reason for this
situation is not clear, it is important to check with hysteroscopy or
endometrial curettage for endometrial neoplastic lesions in affected
patients prior to performing treatment.
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