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Abstract

Resumo

Pelvic endometriosis: a comparison between low-field
(0.2 T) and high-field (1.5 T) magnetic resonance
imaging™

Endometriose pélvica: comparacdo entre imagens por ressondncia magnética de baixo
campo (0,2 T) e alto campo (1,5 T)

Karine Minaif', David Carlos Shigueoka?, Cintia Cristina Satie Minami®, Danilo Moulin Sales*,
José Maria Cordeiro Ruano®, Alberto Sinhiti Noguti®, Sergio Ajzen’, Jacob Szejnfeld®

OBJECTIVE: To compare low-field (0.2 T) with high-field (1.5 T) magnetic resonance imaging in the assessment
of pelvic endometriosis and adenomyosis. MATERIALS AND METHODS: Twenty-seven female patients with
clinically suspected endometriosis were prospectively evaluated by means of high-field and low-field magnetic
resonance imaging. The reading of the images was performed by a single radiologist, initiating by the low-field,
followed by the high-field images. High-field magnetic resonance imaging was utilized as the golden-standard.
RESULTS: Among the 27 patients included in the present study, 18 (66.7%) had some type of lesion suggesting
the presence of endometriosis demonstrated at high-field images. In 14 of these patients the diagnosis was
correctly established by low-field magnetic resonance imaging. Endometriomas, tubal lesions, and endometriotic
foci > 7 mm identified at the high-field images were also identified at low-field images with 100% accuracy,
sensitivity and specificity. Among the nine patients diagnosed with adenomyosis by high-field images, eight
were correctly diagnosed by low-field images with 88.9% accuracy, specificity and sensitivity. CONCLUSION:
Low-field magnetic resonance imaging demonstrated a low sensitivity in the detection of small endometriotic
foci, high sensitivity in the detection of endometriomas and large endometriotic foci, and high accuracy in
the detection of adenomyosis when compared with high-field magnetic resonance imaging.
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OBJETIVO: Comparar a ressonancia de baixo campo (0,2 T) com a de alto campo (1,5 T) na avaliacdo da
endometriose pélvica e adenomiose. MATERIAIS E METODOS: Foram estudadas, prospectivamente, 27
pacientes do sexo feminino com suspeita clinica de endometriose, realizando-se exames de ressonancia
magnética de alto campo e baixo campo. Um mesmo radiologista realizou a leitura dos exames, iniciando
pelo baixo campo, seguido pelo alto campo, usando como padréo-ouro o alto campo. RESULTADOS: Das 27
pacientes estudadas, 18 (66,7%) apresentaram alguma leséo indicativa de endometriose nos exames reali-
zados no alto campo. Foram corretamente diagnosticados pelo baixo campo 14 destas pacientes. Endome-
triomas, lesdes tubérias e focos de endometriose maiores do que 7 mm identificados pelo alto campo foram
também identificados no baixo campo, com acuracia, sensibilidade e especificidade de 100%. Das nove
pacientes com adenomiose caracterizadas pelo alto campo, oito foram corretamente identificadas pelo baixo
campo, com acuracia, sensibilidade e especificidade de 88,9%. CONCLUSAO: A ressonancia de baixo campo
apresentou baixa sensibilidade na deteccédo de pequenos focos de endometriose, alta sensibilidade na detec-
céo de endometriomas e focos de endometriose grandes, e boa acuracia na deteccdo da adenomiose quando
comparada com a ressonancia de alto campo.

Unitermos: Imagem por ressonancia magnética; Endometriose; Adenomiose; Diagnéstico.
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INTRODUCTION

Pelvic endometriosis affects about 10%
of women in childbearing age™?, causing
pelvic pain and discomfort. Thisdiseaseis
associated with infertility and psychologi-
cal alterationssuch as depression®?. Lapa-
roscopy isthe golden-standard in the diag-
nosis of endometriosis, but thisisan inva-
sive and expensive method besidesinvolv-
ing risks for morbidity and mortality®=.
Other methods utilized in the eval uation of
endometriosis are the following: CA125
test, ultrasonography (US) and magnetic
resonance imaging (MRI).

The majority of studiesin theliterature
evaluating the efficacy of MRI in the as-
sessment of pelvic endometriosis has re-
ported the utilization of sequencesacquired
inhigh-field systems (> 1T)© 9, However,
an increasing number of low-field systems
(< 1T) have been offered to the globa mar-
ket, among other reasons, because of their
lower acquisition and maintenance costsas
compared with high-field systems™.

The fat-saturation (fat-sat) technique
utilized in high-field (> 1T) MRI systems
increases the rate of detection of hemor-
rhagic lesions < 5 mm resulting from en-
dometriosis®®9. However, the utilization
of thistechniqueisnot feasibleinlow-field
MRI systems.

Thewater-image technique availablein
some low-field MRI systems is aimed at
separating the signals of water and fat from
determined tissues, demonstrating an effect
that could be similar to thefat-sat technique
in high-field systems. However, no study
has been found in the literature about the
utilization of this technique in the evalua-
tion of pelvic endometriosis. For this rea-
son the authors have decided to develop the
present study.

MATERIALSAND METHODS

Twenty-seven female patients with
clinical suspicion of endometriosis were
included in the present observational,
cross-sectional, prospective study in the
period from October 2005 to March 2007.
The patients' age ranged from 18 to 44
years (mean = 32 years).

Theinclusion criteria were the patients
referral by the Unit of Laparoscopy of the
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Division of General Gynecology, clinical
suspicion of endometriosis and age > 18
years. Exclusion criteriawere: formal con-
traindication for MRI (including presence
of metal clipsand pacemakers), and previ-
ous history of gynecological surgeries (ex-
cepting Cesarean section and tubal steril-
ization) and claustrophobia.

All the patients underwent MRI exami-
nation in a low-field 0.2T Signa Profile
(General Electric Medical Systems; Mil-
waukee, USA) equipment with one-chan-
nel body flex 11 (L) coil, and inahigh-field
HD 1.5 T (General Electric Medical Sys-
tems; Milwaukee, USA) equipment with
eight-channel body phased array coil, ac-
cording to respective, specific protocols
(Table 1), in a private clinic. Both exami-
nations were performed in asingle day for

each patient with an approximate duration
of 50 minutes (low-field) and 20 minutes
(high-field).

A venous puncture was performed for
intravenous administration of scopalamine
butylbromide (one vial) for reducing peri-
stalsis. The same access was utilized for
intravenous administration of paramag-
netic contrast agent (10 ml gadoteric acid).

The images were evaluated by asingle
radiologist, initiating by the low-field, fol-
lowed by the high-field images. Both stud-
ies were compared through all the se-
guences acquired to evaluate the conspi-
cuity of the low-field images.

The studieswere evaluated for the pres-
enceor absence of endometrioticfoci, ova-
rian endometriomas, peritoneal foci, tubal
aterations and adenomyosis.

Table 1 Description of sequence parameters utilized in high- and low-field MRI systems.

Thickness/

Sequence TR (ms) TE (ms) Matrix /spacing

High-field Sagittal T1 fat-sat 275 3 256 x 192 5.0/1.0
Sagittal T2 5,226 116 256 x 224 5.0/1.0

Axial T1 250 63 256 x 224 5.0/1.0

Axial T2 5,000 146 256 x 224 5.0/1.0

Axial T1 fat-sat 250 3 256 x 192 5.0/1.0

Low-field Sagittal T1 water-image 433 10 224 x 160 5.0/ 1.0
Sagittal T2 3,250 108 224 x 160 5.0/1.0

Axial T1 600 14 224 x 192 5.0/1.0

Axial T2 4,700 110 224 x 192 5.0/ 1.0

Axial T1 water-image 440 10 224 x 160 5.0/1.0

Figure 1. Ovarian focus of endometriosis. Axial MRI T1-weighted water-image acquired with a 0.2 T scanner,
demonstrating hypersignal intensity on the right ovary.
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Pelvic endometriosis: low-field (0.2 T) and high-field (1.5 T) MRI findings

The presence of peritoneal or ovarian
endometriotic foci corresponded to foci of
hypersignal on T1-or T1-weighted fat-sat
images generated by the high-field equip-
ment®? and on T1-weighted water-image
images generated by the low-field equip-
ment (Figures 1 and 2).

Endometriomas were characterized by
the presence of encapsulated cystic lesions
with ahyperintense content on T1-weighted
or T1-weighted fat-sat sequencesgenerated
by the high-field equipment, and T1-

weighted water-image generated by the
low-field equipment; and signal losson T2-
weighted seguences, showing the charac-
teristic shadowing signal (Figures3to 6)12.

Tubal aterationswere characterized by
distention of the uterine tube cased by the
presence of fluid generally with hematic
content.

The presence of adenomyosis corre-
sponded to a diffuse of focal thickening
(> 12 mm) of the junctional zone on T2-
weighted images*?, or focal alteration of

the myometrium with hypersignal on T1-
and hyposignal on T2-weighted images
(Figure7).

Theresultswere statistically analyzed to
evaluate prevalencerate, accuracy, sensitiv-
ity, specificity, positive and negative pre-
dictive values.

RESULTS

Among the 27 patients included in the
sample of the present study, whose selec-

Figure 2. Ovarian focus of endometriosis. Axial MRI T1-weighted fat-sat im-
age acquired with a 1.5 T scanner, demonstrating a focus of hypersignal in-
tensity on the right ovary.

ovary.
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Figure 4. Endometrioma. Axial MRI T1-weighted fat-sat image acquired with
a 1.5 T scanner, demonstrating a focus of hypersignal intensity on the right

Figure 3. Endometrioma. Axial MRI T1-weighted water-image acquired with a
0.2 T scanner, demonstrating a focus of hypersignal intensity on the right ovary.
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Figure 5. Endometrioma. Axial MRI T2-weighted sequence acquired with a
0.2 T scanner, representing signal loss as compared with T1-weighted water-
image.
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Figure 6. Endometrioma. Axial MRI T2-weighted sequence acquired with a
1.5 T scanner, demonstrating signal loss as compared with the T1-weighted

sequence.

tion was based on the clinical suspicion of
endometriosis, alterations associated with
this disease were observed in 18 (66.7%)
patients, 14 of them (51.8%) diagnosed by
both the high-field and low-field images.
Theresultswere described according to the
sites of involvement.

Ovarian lesions including endometrio-
mas or endometriotic foci were identified
on high-field images of 11 patients. Low-
fieldimages demonstrated lesionsin seven
of these patients, determining 81% accu-
racy, 58% sensitivity, 100% specificity, 100
positive predictive value and 75% negative
predictive value.

Among the patients with ovarian le-
sions, eight presented only one lesion and
four, more than two lesions with different
sizes, so these patients were divided into
two groups according to the size of the le-
sions: larger than 7 mm and smaller than 7
mm.

In the group of patients with lesions >
7 mm (6), 100% accuracy, sensitivity and
specificity of low-field MRI as compared
with high-field MRI.

In the group of patients with lesions =
7 mm (tem patients) a sensitivity of only
10% was observed, considering that only
one lesion was also detected by Low-field
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MRI. Accuracy was 66.7%, positive pre-
dictive value, 100%, and negative predic-
tive value, 65.4%.

Peritoneal foci of endometriosis were
identified intwo patients by both high- and
low-field MRI. Oneof the patientshad only
one endometriotic focus of 25 mm, and
another, threefoci of approximately 20 mm,
10 mmand 5 mm. Thelow-field equipment
failed in detecting only the focus of 5 mm,
determining 100% accuracy, specificity
and sensitivity for lesions > 7 mm.

Adenomyosiswasidentified in nine pa-
tients by high-field MRI, and among these
patients, eight wereidentified by low-field
MRI. However, two false-positive results
were found by this method, with 88.9%
accuracy, 88.9% sensitivity, 88.9% speci-
ficity, 80% positive predictive value and
94.1% negative predictive vaue.

DISCUSSION

According to the World Health Organi-
zation, approximately 50% of the global
population does not have access to imag-
ing diagnosis methods. The utilization of
high-field MRI systems is observed pre-
dominantly in developed countries with
higher purchase Power which can afford

Figure 7. Adenomyosis. Sagittal MRI T2-weighted sequence acquired with a
0.2 T scanner, demonstrating focal myometrial alteration.

theacquisition of state-of-art equipment™,
but agreat number of low-field MRI scan-
ners are found in several countries such as
China and Japan.

Studies in the literature approaching
pelvic endometriosis have been devel oped
with high-field MRI scanners (> 1 T). On
the other hand, no study utilizing low-field
scanners (0.2 T) has been found in the lit-
erature, except for references related to
ovariantumorsand uterinealterations*19).
The present study is one of thefirst to ap-
proach pelvic endometriosis findings with
low-field MRI scanners (0.2 T).

It is aready known that lower spatial
resolution, low signal/noiseratio™, aswell
astheimpossibility of fat-saturation pulse
sequencing, represent limitations of low-
field MRI. However, the cost of investing
inalow-field equipment is 2.7 times lower
than those for high-field scanners'™. An-
other advantageisrepresented by thelower
maintenance costs, considering that low-
field scannersrequireonly an air-condition-
ing system instead of helium gas for mag-
net cooling. Additionally, the open design
of low-field scanners (and for this reason
also called open field scanners) allows a
higher acceptability by claustrophobic pa
tients.

Radiol Bras. 2008 Nov/Dez;41(6):367-372



Pelvic endometriosis: low-field (0.2 T) and high-field (1.5 T) MRI findings

Many studies have demonstrated a bet-
ter visualization of endometriotic foci with
the utilization of sequences with fat-satu-
ration®%89  considering that, on T1-
weighted sequences, hemorrhagic lesions
present hypersignal confused with the
hypersignal produced by adjacent fat, so
that the detection of endometriotic foci is
impaired. With the utilization of T1-
weighted sequences with fat-saturation, the
hypersignal generated by the fat can be
selectively saturated, so that the
hypersignal produced by hemorrhagic le-
sionsis not lost.

In the present study, the fat-saturation
(fat-sat) sequence in low-field MRI was
replaced by a post-processing sequence
called water-image. This post-processing
technique allows the separation between
water and fat signals based on the differ-
ence between the phases achieved at a de-
termined acquisition time. This post-pro-
cessing technique can be utilized on T1-
weighted sequences, allowing the utiliza-
tion of intravenous paramagnetic contrast
injection, besides the benefits resulting
from fat-suppression. Among other indica-
tions, the utilization of gadolinium-based
contrast agents includes the evaluation of
inflammatory pelvic diseases, leilomyomas
vascularization, and characterization of
adnexal masses, particularly as regards
their malignancy*®. These agents also are
useful for differentiation between hemor-
rhagic cysts and endometriomas, consider-
ingthat, besidestheir signal characteristics,
peripheral enhancement can be observed.

Tubal alterations characterized by dis-
tention of the uterine tube caused by the
presence of fluid, generally with hematic
content, were identified by both low- and
high-field MRI with high sensitivity and
specificity, demonstrating that lossin char-
acterization of large lesions because of
decreased signal/noiseratio isnot observed
at low-field MRI. Despite the non-specific-
ity of this finding, in the present clinical
context, tubal alterations are associated
with endometriosis, and hence the rel-
evance of their identification.

MRI plays a significant role in the
evaluation of deep endometriosis, particu-
larly for alowing the identification of le-
sions intermingled with adhesions and
evaluation of subperitoneal lesions™”.
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However, in the present study, deep en-
dometriosiscould not be evaluated by low-
field MRI.

Initially, demonstration of adenomyosis
was not included in the objective of the
present study but the authors have decided
toincludeit, considering clinical and phys-
iopathological aspects in common with
endometriosis, besidesthe high prevalence
(33%) of this disease in the group evalu-
ated.

Adenomyosis was identified by low-
field MRI in eight patients and confirmed
by high-field MRI, with agood specificity
and sensitivity. The false-positive rate in
the detection of adenomyosis by low-field
MRI was 11%, probably because of the
presence of artifacts, decreaseinthesignal/
noise ratio, decrease in the acquisition
matrix size and consequential loss of defi-
nition of low-thickness areas such as the
junctional zone. This could mislead thera-
diologist, generating doubts about the area
characteristic of the junctional zone, be-
sides impairing the identification of focal
alterations of the myometrium, likewisein
two of the cases identified by high-field
MRI and not observed on low-field images.

Patients identified with ovarian and
peritoneal endometriotic foci, and en-
dometriomaswere divided into two groups:
patients with large endometriotic foci (> 7
mm) and patientswith small endometriotic
foci (< 7 mm). Sensitivity and specificity,
aswell as positive and negative predictive
values for large ovarian or peritoneal
endometriotic foci were 100%. The sensi-
tivity for detecting small endometriotic foci
was low, probably because of decrease in
the signal/noiseratio, lower spatial resolu-
tion and presence of artifactsimpairing the
differentiation of lesions < 7 mm from
other tissues.

Among the 27 patients included in the
present study, 18 (66.7%) had some lesion
indicative of endometriosis identified by
high-field MRI. Low-field MRI identified
theselesionsin 14 patients (51.8%). Small
endometriotic foci (= 7 mm) could not be
identified by this method.

The method allows the identification of
additional findings such as functional and
hemorrhagic cysts and one teratomawhich
were not included in the scope of the
present study.

One of the limitation of the present
study was the relatively small casuistic. A
higher number of patients could add infor-
mation for abetter characterization of limi-
tations and applications of low-field mag-
netic resonance imaging.

Nine patients with negative results for
endometriosiswereincluded in the present
study, since clinical suspicion with indica-
tion for laparoscopy was the inclusion cri-
terion adopted. So, the negative predictive
valuewas estimated, considering that high-
field MRI represented the golden-standard.

Although the present study has demon-
strated that more clinically significant le-
sions such as endometriomas, tubal alter-
ations and adenomyosis can be identified
by low-field MRI, the authorsdo not intend
to recommend the replacement of high-
field MRI —amethod already validated and
widely available — but rather to present an
useful alternative method for investigating
endometriomas or tubal alterations, in
cases where only low-field equipment is
available.

Themethod isapplicablefor evaluation
of pelvic endometriosis, with the limita-
tions described in the present study, par-
ticularly in cases of endometriotic foci <7
mm.

CONCLUSION

Low-field magnetic resonance imaging
presented low sensitivity for detection of
small foci of endometriosis, high sensitiv-
ity for detection of endometriomas and
large endometriotic foci, and a good accu-
racy in the detection of adenomyosis as
compared with high-field MRI.
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