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Introduction

The current trend to defer childbirth to a later age has
resulted in an increasing number of couples presenting
with infertility problems. Approximately 15% of couples
of reproductive age are confronted with infertility, which is
defined as the failure to conceive after one year of unpro-
tected intercourse [1-2]. In about half of these cases infer-
tility is caused by female factors, and abnormalities of the
reproductive tract are commonly detected. The etiology of
female infertility can be found in several factors (tubal, ovu-
latory, cervical, uterine, endometriosis, age and lifestyle)
that may be isolated or combined [3-6].

Tubal pathology is one of the main causes of infertility.
It is estimated to account for 12%-33% of cases [7-9].
This figure is probably underestimated, as most aspects
of tubal dysfunction escape observation.

Tubal pathology is usually associated with peritubal
adhesions and tubal occlusion. In routine fertility work-
up, the ability to evaluate tubal function is limited and the
degree of tubal damage is judged mainly by tubal patency
and the extent of peritubal adhesions [10]. 

Hysterosalpingography (HSG) is a radiographic
method used in routine infertility evaluation.

It is used in many infertility centers as a preliminary
investigation tool and it is considered the gold standard
for assessing fallopian tube patency. HSG is a repro-
ducible examination, easily and rapidly performed at a
reasonable cost [10-15].This procedure allows diagnosis
of congenital uterine abnormalities, acquired alterations
of the uterine cavity and stenosis or occlusion of the fal-
lopian tubes [11]. HSG shows a good diagnostic accuracy
(sensitivity 81.8%, specificity 77.1%) in the evaluation of
fallopian tube patency while sensitivity and specificity
are low in the evaluation of abnormalities of the uterine
cavity. HSG is considered mainly a diagnostic tool, but
there may also be a possible therapeutic benefit in con-
nection with this procedure due to the flushing effect [12-
15]. However, conventional HSG exposes the reproduc-
tive organs of young potentially fertile woman to ionizing
radiation, and moreover, the procedure can be uncomfort-
able or painful [16-18].

For these reasons, the scientific community’s attention
has in recent years been focused on alternative methods
such as hysterosalpingo-contrast-sonography (HyCoSy)
and magnetic resonance imaging (MRI) which would
allow a full assessment of the potential causes of infertil-
ity in women without administration of ionizing radiation
[15, 19-23].

MRI is gradually gaining importance in the investiga-
tion of the female reproductive tract [19-23] for its abili-
ty to display soft tissue contrast. Gadolinium-based con-
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trast agents have furthermore been developed that can
safely be introduced into the uterine cavity and allow
examination of the fallopian tubes. Modern fast 3D gradi-
ent echo sequences allow dynamic imaging during intra-
cavitary injection of contrast agent, so MRI can offer a
comprehensive anatomic survey permitting simultaneous
evaluation of tubal patency [24-29].

The aim of the present study was to evaluate the feasi-
bility of MR-HSG in the demonstration of fallopian tube
patency in infertile women and to optimize the MR-HSG
technique.

Materials and Methods

This prospective observational study was approved by the
local ethics committee and written informed consent was
obtained from all patients. The sample was built up from
December 2010 to March 2011 at the Department of Radiolog-
ical Sciences, University of Rome “Sapienza” among women
with primary or secondary infertility. Absence of pregnancy
after 12 months of unprotected intercourse, exclusion of male
infertility and hormonal disorders provided the indication for
MR-HSG.

Exclusion criteria were refusal or inability to sign the
informed consent form, age < 18 years, clinical history of intol-
erance to gadolinium-based contrast agents, vaginal or cervical
infections, cervical stenosis, insufficient cervical seal and an
abnormal uterine position that would prevent catheterization or
make it difficult, as well as contraindications to MRI such as
cardiac pacemakers, cochlear implants, and severe claustropho-
bia. 

The examination was preceded by a preliminary phase during
which the patient’s clinical history was assessed again for con-
traindications with respect to the MRI study and gadolinium
administration, and the rationale of the study was explained. All
patients subsequently underwent a complete pelvic examina-
tion.

A sterile 24.5 cm hysterometer (RAMISTER/RI.MOS; Italy)
was inserted through the cervical os into the cervical canal to
exclude cervical stenosis, insufficient cervical seal or anom-
alies in the course of the cervical canal that might prevent
catheterization or make it difficult. 

Transvaginal ultrasound was performed in all patients by the
same radiologist who subsequently performed MR-HSG
to determine the degree of bending of the uterus. MR-HSG was
performed with the bladder full or empty according to the posi-
tion of the uterus. In case of antiversion and antiflexion, the
examination was performed with a full bladder, while examina-
tion was performed with an empty bladder in case of retrover-
sion and retroflexion. In case of stenosis of the external orifice

of the uterus a Hegar dilator size 4 was used to test for
reversibility; in case of irregularities detected in the course of
the cervical canal, the patients were informed about the possi-
bility of pulling the cervix forward during MR-HSG using
Collins uterine forceps. 

Only patients meeting the following selection criteria were
recruited: 1) non-stenotic and non-gaping external orifice of the
uterus; 2) external orifice of the uterus with reversible stenosis
after dilation using Hegar dilator size 4; 3) a regular course of
the cervical canal; 4) the patient’s consent to pulling the cervix
during MR-HSG if the course of the cervical canal was irregu-
lar. 

Microbiological analysis was performed in all patients to
detect genital infections (exclusion criteria). Antibiotics (amox-
icillin and clavulanate) were administered one day before and
for five days after the examination, 1 g twice a day for six days.
The patients were told to refrain from unprotected sexual inter-
course from the first day of their period until the investigation
to be certain that there was no risk of pregnancy. MR-HSG was
scheduled early in the follicular phase of the menstrual cycle,
between the 7th and the 12th day. 

Two hours before the procedure, 40 mg of N-butyl scopo-
lamine was administered orally to reduce intestinal peristalsis in
the small pelvis and discomfort during intrauterine injection of
the contrast agent. One hour before MR-HSG and after exclu-
sion of contraindications all patients received oral administra-
tion of 300 ml of Lumirem (Ferumoxsil 175 ml/l, Laboratoire
Guebert, France). 

MRI examination was performed on a 1.5T MRI unit
(Avanto, Siemens Medical Solutions, Germany) using a four-
element phased-array surface coil (Body Matrix Coil; Siemens
Medical Systems; Germany). 

For the catheterization a 7 French balloon catheter (PBN
Medicals Denmark A/S, Stenlose, Denmark) was used.
Catheterization was performed on a non-magnetic stretcher in
the medical center next to the MRI room under sterile condi-
tions and adequate privacy. The patients were placed in a gyne-
cological position, the vagina was dilated by a gynecological
dilator and the external orifice of the uterus was catheterized. A
balloon catheter was inflated with 2-3 ml of normal sterile
saline and its stability was verified by gentle traction in the
caudal direction.

The speculum was removed and circa 5-10 ml of sterile saline
(0.9%) was injected into the uterine cavity through the catheter.
The patients were transported to the MRI room on a non-mag-
netic stretcher and placed in the supine position on the mobile
MRI bed.

Before the procedure, the correct position of the balloon
catheter was verified using a sagittal T2-weighted half-Fourier
acquired single-shot turbo spin-echo (HASTE) sequence. Sub-
sequent standard imaging of the pelvis consisted of axial and
coronal T2-weighted HASTE sequences performed in order to

Table 1. — MR-HSG protocol.

Sequence Plane TE TR Interval Matrix NEX FoV Thickness
(ms) (ms) (mm) (mm)

T2 HASTE sagittal 88 1000 5 384 x 252 1 307 x 309 5
T2 HASTE coronal 88 1000 5 384 x 252 1 307 x 309 5
T2 HASTE axial 88 1000 5 384 x 252 1 307 x 309 5
FL3D DYNAMIC 3D 1.14 2.78 0.76 320 x 320 1 380 x 380 1.2
T1 TSE FS axial 9.7 688 1.5 320 x 256 3 200 x 200 5
T2 TSE FS axial 90 4161 0 448 x 274 2 380 x 380 3
TSE: turbo spin echo; HASTE: half-Fourier acquired single-shot turbo spin-echo; FS: fat suppressor; TE: echo time; TR: repetition time; NEX: number of excitations;
FoV: field of view; ms: milliseconds.
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study the morphology of the uterine cavity which was hyperin-
tense due to injection of saline and the field of view (FoV) for
the subsequent dynamic sequences was set. FoV was oriented
parallel to the major axis of the uterus and was large enough to
also cover the ovaries.

Subsequently, approximately 10-15 ml of a 1:10 mixture of
Dotarem (Acidumgadoteras, 0.5 mmol/ml; Laboratoire Guer-
bert, France) diluted with normal sterile saline (0.9%) was
gently hand-injected through the catheter into the uterine cavity
when the acquisition of dynamic sequences was started. All
patients were told to inform the radiologist if pain occurred
during the injection. 

For the dynamic MR-HSG, seven consecutive fat-saturated
T1-weighted gradient echo FLASH 3D DYNAMIC (FL 3D
DYN) sequences were acquired during intrauterine injection of
contrast solution.

One of the following two findings led to the diagnosis of
tubal patency: 1) contrast enhancement in the periovarian region
and 2) evidence of contrast agent in the pouch of Douglas.

Following an axial T1-weighted turbo spin-echo (TSE)
sequence with fat saturation (FS), an axial T2- weighted TSE
sequence was performed to visualize the distribution of contrast
solution in the peritoneal cavity. The MR-HSG protocol is
reported in Table 1. All patients were kept under observation for
about half an hour after the examination and they were given a
telephone number to contact in case of complications.

Seven days later when the patients came to collect the MRI
report, a questionnaire was administered to assess the degree of
satisfaction with the examination. The parameters were: pain
during catheterization (mild, moderate, severe); pain during
injection of contrast medium (mild, moderate, severe); execu-
tion time (short, acceptable, long); palatability of Lumirem
(good, acceptable, poor).

Each parameter was assigned a score from 1 to 3. The score
(range 4-12) was evaluated as follows: 4-6 = examination is not
satisfactory; 7-9 = examination is satisfactory; > 10 = examina-
tion is considered very satisfactory. In the same questionnaire
the patients were asked to state possible onset of bleeding,
vaginal discharge, vaginal itching/burning and pelvic pain in the
days following the examination.

A set of dynamic subtraction images was reconstructed and
evaluated similar to the MRI angiographic procedure. Both the
subtracted series and the anatomic images were reviewed inde-
pendently on a PACS system (Infinitt Healthcare Ltd, Korea) by
two expert readers. The readers evaluated image quality, the dif-
ferent parts of the pelvic anatomy, unilateral or bilateral fallop-
ian tubes as well as the uterine cavity with regard to congenital
anomalies or pathologies such as fibroids, adenomyotic lesions
and uterine polyps. The subtracted images were viewed by man-
ually scrolling through the series on the PACS workstation and
were not viewed in cine mode. Assessment of functional aspects
included fallopian tube patency in general, localization and
extent of filling defects as well as spillage and distribution of
contrast agent into the peritoneal cavity.

Results

A total of 16 infertile women (mean age 35.5; range 28-
44 years) were recruited for this study. Indications were
primary infertility in 12 patients (75%) and secondary
infertility in four patients (25%).

MR-HSG was successfully completed in all patients:
positioning of the catheter was feasible in all patients and
no complication occurred during cervical cannulation. In
one (6.3%) patient with moderate stenosis of the external
orifice of the uterus, dilation was performed using a
Hegar dilator size 4; another patient (6.3%) whose cervi-
cal canal was bent consented to caudal traction of the
cervix using Collin’s uterine forceps in order to straight-
en the cervical canal and thereby facilitate the introduc-
tion of the catheter. In all cases T2-weighted HASTE
sequences showed correct positioning of the catheter
(Figure 1) using the scans in the sagittal plane. 

Manual injection of 5-10 ml sterile saline (0.9%) made
the uterine cavity hyperintense and T2 HASTE sequences
in the coronal plane showed the regularity of the profile in
15/16 (93.7%) cases and a slightly arched uterine fundus
in the remaining cases (6.3%).

Analysis of dynamic sequences, subtraction images and
maximum intensity projection (MIP) reconstructions con-
firmed tubal patency in 14/16 (87.4%) cases. The images
showed sequential opacification of the uterus and intra-
mural portion of the tubes as well as bilateral spillage of
contrast agent into the peritoneal cavity permitting also
evaluation of diffusion time and symmetry (Figure 2 a).
In eight cases (50%) the ampullary portion of the tube
was depicted (Figure 2 b), while it was possible to identi-
fy the intramural portion in only two cases (12.5%)
(Figure 2 c).

In 14/16 (87.4%) cases contrast agent diffusion was
symmetrical and comparison of base-line and dynamic
images using dedicated software confirmed the regularity

Figure 1. — Sagittal T2-weighted HASTE. Correct intracervi-
cal position of the inflated balloon (arrow).

Table 2. — Analysis of the questionnaires administered to the
patients 7 days after MR-HSG examination.

Parameters Score (mean values)

Pain during catheterization 2.97
Execution time 2.73
Pain during contrast injection 2.74
Lumirem palatability 2.15
Total score 10.59
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of the tubo-ovarian relationship (Figure 2 d/e). In one
case (6.3%) hydrosalpinx of the left tube with unilateral
tubal occlusion were detected. In another case (6.3%), the
right fallopian tube was cranially displaced resulting in
loss of the anatomical relationship with the ipsilateral
ovary and inadequate contrast agent diffusion.

The endometrium, myometrium, ovaries and pelvic
ectopic structures were studied using T2-weighted
HASTE, TSE and T1-weighted TSE FS sequences.

Eight patients (50%) were found to have abnormalities
on MRI including multifollicular ovaries: five patients
(31.1%) had multiple small follicular cysts surrounded by
thickened and luteinized theca suggestive of polycystic
ovarian syndrome [29-32]; one had endometrioma
(6.3%), one had small intramural myoma (6.3%) and one
had an endometrial polyp (6.3%) that appeared as a small
filling defect in the dynamic sequences. Average time
required to perform the examination was 25-30 min: bal-
loon catheter positioning 5-10 min and MRI data acquisi-
tion 20-25 min.

Analysis of the questionnaires administered to the
patients one week after the procedure showed that 15/16
patients (93.7%) were satisfied with the procedure result-

ing in an average score of 10.59 (Table 2). Catheter
implantation and MRI examination were generally well
tolerated and only 1/16 patients (6.3%) indicated “severe
pain”. Lumirem palatability was considered poor by most
of the patients 11/16 (68.7%) and one patient had adverse
reactions such as nausea and diarrhea. This event did not
affect the outcome of the examination but it significantly
reduced the score assigned by the patient in question
(score 8). There were no cases of bleeding, vaginal dis-
charge, symptoms related to bacterial vaginosis or pelvic
pain in the days following the procedure. All examina-
tions were judged to be of high diagnostic quality, and the
two readers provided similar diagnoses.

Discussion and Conclusions

To our knowledge, this is the first Italian experience
with MR-HSG in infertile women. The purpose of the
present study was to evaluate the ability of MR-HSG to
depict tubal patency and to optimize the technique in
order to reduce complications and failure rate. At present
HSG is the method of choice for the evaluation of tubal
patency in infertile women. However, the most important

Figure 2. — FLASH 3D DYN T1-weighted images after intrauterine contrast injection (MIP). Accumulation of contrast solution in
the uterine cavity appears regular and there is initial filling of the intramural portion of the tubes with bilateral and simultaneous
spilling of contrast medium into the peritoneal cavity: bilateral tubal patency (a). Initial non subtracted FLASH 3D DYN T1-
weighted images from series of 7 sequences after intrauterine contrast injection reveal the ampullary portion of the left tube (arrow-
head) (b) and the intramural portion of the right tube (arrowhead) (c). Comparative analysis of final non subtracted FLASH 3D DYN
T1-weighted images from the same series (d) and baseline T2-weighted TRUE FISP (e) shows the symmetrical spillage of contrast
agent in the periovarian region on the left and in the periuterine region on the right (arrows).

22 1328-31 - Magnetic resonance:1648_29 Incidence of multiple  21/02/12  13:41  Pagina 86



Magnetic resonance hysterosalpingography in the evaluation of tubal patency in infertile women: an observational study  87

limitations of HSG are the insufficient evaluation of other
causes of infertility, such as myometrial abnormalities
and extrauterine diseases, and the exposure to ionizing
radiation [5-7]. Ovarian doses range from 3.1 mGy in
analog systems to 0.5 mGy in digital systems [16-18] and
the procedure usually involves at least two radiographic
exposures in addition to fluoroscopic exposure.
Furthermore, although HSG is a relatively quick outpa-
tient procedure, it is uncomfortable and often painful to
the patient due to osmotic irritation of the endometrial
and peritoneal tissue caused by iodinated contrast agents
[9, 10]. 

Over the years, MRI has become an increasingly used
diagnostic tool [19-25] and this method has the potential
to become useful also for evaluating pelvic disorders
associated with female infertility. Women affected by
infertility are often referred to MRI for the diagnosis of
possible uterine and extrauterine abnormalities, and
simultaneous assessment of tubal patency would there-
fore be beneficial, as this would permit the patient to
avoid administration of ionizing radiation [19, 20, 30-32].
The MR-HSG procedure performed in this study clearly
demonstrated the anatomy of the reproductive organs
including the myometrium and ovaries allowing at the
same time assessment of tubal patency and the study of
the extrauterine pelvic structures. MR-HSG may thus
provide a more accurate diagnosis of all the possible
causes of female infertility. 

Assessment of diffusion time and symmetry as well as
spillage of contrast agent into the pelvic cavity makes it
possible to evaluate the functional aspects of the tubal
factor assuming that delayed and/or asymmetrical con-
trast agent diffusion is suggestive of functional abnormal-
ities of the fallopian tubes. The tubal factor includes also
loss of a tubo-ovarian anatomical relationship mainly due
to peritubal adhesions caused by inflammation and/or
endometriosis [8]. This aspect was studied using dedicat-
ed software which allowed a combined analysis and com-
parison of baseline and dynamic sequences in order to
establish the relationship between the uterine tubes and
ovaries. MR-HSG thus allows an overall assessment of
the tubal factor by studying both morphological and func-
tional aspects.

The most important disadvantages of MR-HSG are the
high costs and the duration. However, these disadvan-
tages are largely weighed up by the advantage of obtain-
ing more information about all the organs of the pelvis
and especially by the fact that exposure to ionizing radia-
tion is avoided [28]. All patients enrolled in this study
stated that they were satisfied with the duration of the
examination.

In the present study the attention was focused on cer-
tain aspects of the procedure and the attempt to improve
the technique in order to avoid the difficulties reported in
the literature. MR-HSG was performed in the early follic-
ular phase of the menstrual cycle after exclusion of infec-
tions. The endometrium is thin during this proliferative
phase and this facilitates a better image interpretation and
should also ensure that the patient is not pregnant. Later

in the cycle, focal contour irregularities of the endometri-
um may be mistaken for small polyps or focal areas of
endometrial hyperplasia and may cause a false-positive
diagnosis of corneal occlusion [14]. The absence of post-
procedure infectious complications in the present study
population may be related to the microbiological screen-
ing and antibiotic prophylaxis administered before the
examination. 

Winter et al. [28] studied 37 patients and reported an
incidence of malpositioning of the catheter in 5.4% of the
patients and displacement during injection of contrast
medium in 8.1%; moreover, in 5% of cases the examina-
tion was not concluded due to strong pain during contrast
injection. Sadowski et al. [29] performed MR-HSG in 17
patients and reported a failure rate of 5.4% caused by
excessive patient movement due to strong pain felt during
the automatic injection of contrast agent. 

To reduce the incidence of such events, the anatomy of
the external orifice of the uterus and the cervical canal
was studied in each patient to detect possible anatomical
abnormalities which might prevent positioning and/or sta-
bility of the catheter during injection of contrast medium. 

The absence of complications related to catheterization
(malpositioning or dislocation of the catheter) seems to
confirm the importance of preliminary assessment to
determine the possible need for procedures in addition to
the standard protocol such as dilation of the cervical canal
using a Hegar dilator and/or traction using Collin’s uter-
ine forceps. Ultrasound determination of the position of
the uterus performed by the same radiologist, who carried
out MR-HSG, led to the decision to perform the examina-
tion with a full or empty bladder in order to reduce the
flexion of the cervical canal and thereby facilitate the
introduction of the catheter. To avoid pain during injec-
tion of contrast agent, muscle relaxant medication was
orally administered two hours before the procedure, and
injection of contrast agent was carried out manually.
Instead of intravenous medication as administered by
Winter et al. [28] oral medication was preferred as it is
more easily accepted and better tolerated by the patients.
In our opinion, the use of an automatic injector device is
not beneficial because the inability to control and modu-
late the quantity, pressure, and timing of injection of con-
trast agent increases the likelihood that the patient feels
pain. Moreover, a fast and continued distention of the
uterine cavity may cause a reflex spasm of the intramural
portion of the tube leading to a false-positive diagnosis of
proximal occlusion.

The ability to adjust injection speed in order to avoid
pain is essential to the good outcome of the examination,
as the response of the myometrium during the introduc-
tion of contrast agent is highly subjective and influenced
by pain. Also the fact that only a small quantity of con-
trast agent is injected (10-15 ml) has a positive effect on
the patient’s perception of pain. Finally, manual injection
may reduce the risk of dislocation of the catheter in the
vagina. 

Lumirem is a negative, superparamagnetic contrast
agent that has so far mainly been orally administered for

22 1328-31 - Magnetic resonance:1648_29 Incidence of multiple  21/02/12  13:41  Pagina 87



C. De Felice, F. Rech, A. Marini, A. Stagnitti, F. Valente, V. Cipolla, G. Borgogni, M.L. Meggiorini 88

bowel contrast in MRI intestinal exploration. The ration-
ale for its use in this study lies in the ability to reduce sig-
nals coming from the intestinal contents and to prevent
artifacts on MR-HSG images. In all cases the images
were of excellent diagnostic quality, but due to the poor
palatability of Lumirem, the real utility of this product
and its use in future examinations will be subject to eval-
uation. 

In this study preliminary assessment of the cervix and
position of the uterus, oral intake of muscle relaxant med-
ication and manual injection of contrast agent produced
excellent results. Also the fact that all examinations were
completed, unlike other studies [28, 29], allows us to
assert that the above procedures are useful and can be rec-
ommended

In conclusion, this study has provided proof of the util-
ity of dynamic MR-HSG assessment of the uterus, extra-
uterine pelvic structures and tubal factor in a “one-stop
shop” session without exposure to ionizing radiation.
MR-HSG was furthermore well tolerated by the patients,
but further research is required to determine if this tech-
nique can become an alternative to conventional HSG.
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