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Abstract

Introduction: Hysterosalpingography (HSG) is the gold standard for assessing fallopian tube patency, but it
involves ionizing radiation and iodinated contrast medium. Magnetic resonance hysterosalpingography (MR-HSG)
allows assessment of tubal patency without ionizing radiation, while offering superior visualization of pelvic soft
tissues.

Aim: To evaluate the diagnostic value of MR-HSG in assessing fallopian tube patency, with particular emphasis on
the MRI protocol, and to compare the findings with those obtained using conventional HSG.

Materials and methods: Fifty patients were included. All underwent MR-HSG followed immediately by HSG. During
MR-HSG, a diluted gadolinium contrast solution was administered in the uterine cavity. The protocol consisted of T2-
weighted sequences and dynamic T1-weighted imaging. The presence of contrast solution adjacent to the ovaries
and in the pouch of Douglas was recorded as an indicator of tubal patency. Agreement between the methods was
assessed using Cronbach’s alpha coefficient.

Results: Bilateral tubal occlusion was confirmed in 6 cases (12%). Cronbach’s alpha demonstrated excellent
agreement between the methods (0.97 for the left ovary; 0.84 for the right ovary; 0.80 for the pouch of Douglas).
No adverse effects were observed.

Conclusion: MR-HSG is an effective, well-tolerated method with high agreement with HSG. Its advantages include
the absence of ionizing radiation and superior visualization of pelvic soft tissues. MR-HSG may be considered a

reliable alternative to HSG.
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Introduction

Hysterosalpingography (HSG) is a radiological diagnostic
procedure used to evaluate fallopian tube patency and
uterine morphology in the clinical assessment of women
with primary or secondary infertility [1,2]. Unlike HSG,
which uses ionizing radiation, and sonohysterosalpingog-
raphy (US HSG), which uses ultrasound, magnetic reso-
nance imaging can also be used to visualize tubal patency
and uterine morphology (MR-HSG) [2-9]. MR-HSG is per-
formed without ionizing radiation following intrauterine
administration of a gadolinium-based contrast agent. MR-
HSG enables detailed evaluation of the uterus, fallopian
tubes, ovaries, and surrounding structures [3,10]. This
study aimed to demonstrate how the dynamic nature of
MR-HSG enables assessment of tubal patency comparable
to that obtained with conventional HSG.

Materials and methods

The study included 50 patients referred for MR-HSG (Airis
I, Hitachi, Japan; Aera, Siemens Healthineers, Germany)
as part of an infertility evaluation, followed immediately
by conventional HSG. HSG was performed on a digital
radiography/fluoroscopy (DRF) system (Axiom Luminos
dRF, Siemens Healthineers, Germany) using an iodinated
contrast agent (iobitridol; Xenetix 350 mg I/mL; Guerbet,
France). To facilitate direct comparison, MR-HSG and HSG
were performed within 10 minutes of each other.

The study was conducted at Pozega County General
Hospital, Croatia, between 2012 and 2015. Initial data col-
lection began in 2012, and the cohort was subsequently
expanded through additional patient enrolment during
the study period. Written informed consent was obtained
from all participants. Ethics committee approval was
granted in 2012, prior to study initiation, and covered
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both the preliminary dataset presented at ECR 2014 and
the expanded dataset analysed in the present study.

All images were obtained at the Department of Radi-
ology, Pozega County General Hospital, Croatia.

Patients

The primary indication for HSG is the evaluation of female
infertility. Infertility, according to the World Health Organi-
zation, is defined as the inability to achieve a pregnancy
after 12 months of regular unprotected sexual intercourse
[11]. MRI is also used when uterine or tubal anatomical/
pathological abnormalities are suspected, including fi-
broids, polyps, adenomyosis, and congenital malforma-
tions [2,3,8,10]. Only women with primary infertility were
included in this study.

Preparation of the contrast solution

For MR-HSG, a diluted gadolinium contrast solution was
prepared by adding 1 mL of gadolinium contrast agent
(gadoteric acid; Dotarem, 0.5 mmol/mL; Guerbet, France)
to 100 mL of normal saline. During imaging, 10-40 mL of
the prepared solution was administered into the uterine
cavity using a 50-mL syringe in three separate aliquots,
allowing real-time assessment of contrast passage
through the fallopian tubes and reducing discomfort dur-
ing injection. Although automated pump injection is pos-
sible, for safety and practical reasons, we did not use this
approach. The solution was warmed to 37 °C to improve
patient comfort.

Patient preparation

The examination is scheduled during the follicular phase
of the menstrual cycle, most commonly between days 7
and 10 to minimize artifacts related to endometrial thick-
ening and to exclude pregnancy [12].

The procedure is preceded by gynaecologic prepa-
ration, including placement of an intrauterine balloon
catheter and inflation of the balloon with saline. Correct
catheter placement is confirmed by ultrasound. Patients
should be instructed to empty the urinary bladder before
MR imaging. Rectal gas typically does not produce sig-
nificant artifacts at 1.5T; however, bowel preparation is
recommended at 3T and higher field strengths.

The patient is positioned supine on the scanner table.
A syringe filled with 50 mL of the prepared contrast solu-
tion is connected to the intrauterine catheter. Imaging is
performed using a multichannel flexible body coil, as in
standard pelvic MRI examinations.

MRI acquisition protocol

T2-weighted sequences

T2-weighted sequences are acquired first for anatomical
orientation and assessment of the uterus and ovaries, in-
cluding the endometrium and myometrium, as well as the
fallopian tubes and surrounding pelvic structures. They
are particularly useful for detecting fibroids, adenomyo-
sis, hydrosalpinx, and congenital or other uterine malfor-
mations. Due to their high sensitivity to fluid, they are also
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helpful in identifying free pelvic fluid that may be present
prior to contrast administration. Imaging is initially per-
formed in the sagittal plane (Figure 1). Subsequent acqui-
sitions are then planned in an oblique transverse (axial)
or coronal plane to optimize visualization of the uterus
and ovaries, ideally including all three structures within a
single imaging block.

Figure 1. Sagittal T2-weighted image of the uterus
demonstrating the catheter balloon within the uterine cavity.

Dynamic T1-weighted sequences

MR-HSG uses serial imaging during contrast adminis-
tration. Imaging is performed in an oblique plane as
described above. Repeated acquisitions with contrast
injection during short pauses provide better insight into
tubal patency, i.e., spillage of contrast into the pelvic cav-
ity. Heavily T1-weighted sequences (Figure 2), similar to
angiographic sequences, are typically used.

Figure 2. 3D T1l-weighted image showing the contrast
solution within the uterine cavity and around the ovaries
after intrauterine administration through the catheter.

T1 sequences after contrast administration

After completion of contrast administration, an additional
3D T1 gradient-echo sequence (with Dixon or other fat-
suppression technique) is acquired in the coronal plane
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(Figure 3). This sequence uses a larger field of view (FOV)
than the dynamic acquisition. It does not need to be ob-
tained in oblique planes, given its high spatial resolution
and suitability for multiplanar reconstructions. Since the
contrast solution is administered intrauterinely rather
than intravenously, imaging can be repeated if necessary
(in the presence of artifacts).

This sequence is useful for depicting contrast re-
tained within the fallopian tubes; the presence of contrast
within the lumen or the tubal wall may suggest pathologi-
cal changes such as hydrosalpinx, chronic inflammation,
or obstruction.

Figure 3. Visualization of the uterus (with the catheter balloon
visible), the ovaries, and the contrast solution surrounding
them using a 3D T1 technique in the coronal plane.

Additional sequences in MR-HSG

In addition to the standard protocol, MR-HSG may also
include 2D T1 SE FS sequences, STIR, or T2 SE sequences
with motion-artifact suppression techniques (BLADE, PRO-
PELLER, etc.), depending on artifacts from bowel motion
or arterial pulsation, clinical findings, or suspicion of asso-
ciated pathology. Their use is not routine; rather, they are
applied selectively when there is concern for additional
pathology beyond the basic assessment of tubal patency.

The decision to include these sequences depends on
the individual clinical scenario and is intended to increase
diagnostic yield. MRI provides very good to excellent visu-
alization of uterine and ovarian structures in many patho-
logical conditions, and in such cases, these additional
sequences should be utilized. If there is no indication, they
are avoided to prevent unnecessary prolongation of the
examination.

Completion of the examination

After imaging, the catheter balloon is deflated using a sy-
ringe (filled with 1-2 mL of saline), and the catheter is gen-
tly removed. Although catheter removal is not mandatory,
we recommend it to reduce the risk of discomfort. The
patient is then observed for about 10 minutes (usually in
the outpatient gynaecology clinic) and discharged home.

Outcome measures

The primary outcome measure was assessment of tubal
patency on MR-HSG and HSG by recording the presence of
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contrast solution adjacent to the ovaries and in the pouch
of Douglas, and analysis of agreement between the meth-
ods using Cronbach’s alpha coefficient.

Data collection and analysis

Each patient underwent MR-HSG followed by conventional
HSG, allowing direct comparison of tubal patency. Data
on contrast presence in the pouch of Douglas and around
the left and right ovaries were recorded during both pro-
cedures. Measurements were performed by a radiologist
with more than 15 years of experience. Results were en-
tered into a table for further analysis. Statistical analysis
was performed using MedCalc (MedCalc Software Ltd.,
Ostend, Belgium); for each parameter, Cronbach’s alpha
was calculated as a measure of internal consistency.

Results

In total, 52 women with primary infertility consented
to MR-HSG followed by HSG. In one patient, the catheter
was mistakenly placed in the vagina, and one patient
withdrew during the procedure; both were excluded (4%).
Bilateral tubal occlusion was recorded in 6 patients (12%).
Among these, five reported more intense pain during
contrast administration, as expected in cases of tubal
obstruction. All other patients reported discomfort, but
none experienced pain severe enough to prevent comple-
tion of the examination. The study was completed after 50
patients had successfully undergone both examinations.

Patients were 21-37 years old (mean 28.6 + 4 years).

Table 1. Presence of gadolinium/iodinated contrast as an
indicator of tubal patency recorded on MR-HSG (Figure 5)
and HSG (Figure 4). A total of 50 patients were analysed.
Numbers (n) indicate the number of patients in whom
contrast was present adjacent to the left or right ovary or
in the pouch of Douglas on MR-HSG and HSG images.

MR-HSG HSG
Left Right Douglas Left Right Douglas
37 37 41 38 33 37

Figure 4. HSG demonstrating the uterus and
fallopian tubes, with contrast seen around the
ovaries and in the pouch of Douglas.
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Figure 5. Multi-planar reconstruction from 3D
T1-weighted images acquired after MR-HSG. The
contrast solution is visible within the uterine cavity,
around the ovaries, and in the pouch of Douglas.

After assessing the presence of gadolinium contrast
solution (in all patients in whom both HSG and MR-HSG
were successfully performed), adjacent to the left and
right ovary and in the pouch of Douglas, Cronbach’s alpha
coefficient was calculated as a measure of congruence
(Table 2).

Table 2. Congruence between HSG and MR-HSG
measurements assessed using Cronbach’s alpha coefficient.
Higher values indicate better agreement. Values in
parentheses represent the 95% lower confidence limit.

MR-HSG vs. HSG Cronbach’s Alpha

Left ovary 0.97 (0.96)
Right ovary 0.84 (0.75)
Pouch of Douglas 0.80 (0.68)

No adverse effects (such as infection, bleeding, or
ectopic pregnancy) were observed after MR-HSG or con-
ventional HSG. The examination was completed within 10
minutes in all cases.

Discussion

Among the 6 patients with bilateral tubal occlusion (12%),
five reported pain during contrast administration, while
the others experienced discomfort that was not severe
enough to interrupt the procedure. Cronbach’s alpha re-
sults indicate excellent agreement between conventional
HSG and MR-HSG when the presence of contrast adjacent
to the ovary is used as an indicator of tubal patency.
Agreement is slightly lower when contrast in the pouch
of Douglas is used as the patency indicator. These find-
ings also warrant consideration of ultrasound-guided
HSG, where fluid in the pouch of Douglas is commonly
interpreted as evidence of tubal patency. There are also
studies using Doppler imaging as well as 3D and 4D tech-
niques, although it is not entirely clear which method is
predominantly used in routine practice [4-7].
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Fewer patients showed reduced patency on con-
ventional HSG than on MR-HSG. This difference may be
explained by the higher viscosity of iodinated contrast
medium, which may not flow as readily through the fal-
lopian tubes as the gadolinium solution used for MR-HSG.

Advantages of MR-HSG

Compared with traditional methods, MR-HSG offers sev-
eral advantages: complete absence of ionizing radiation,
detailed visualization of the uterus and ovaries, the ability
to detect other pelvic pathology independent of tubal pa-
tency, and better tolerability in most cases [2,3,10].

Contribution of the radiologic technologist

The radiologic technologist is actively involved in patient
preparation, examination performance, and optimization
of the MR protocol. This includes confirming patient identi-
ty and obtaining informed consent, ensuring correct posi-
tioning and clear communication to minimize discomfort,
preparing and administering contrast solution, planning
imaging planes, as well as optimizing image quality. The
technologist monitors the patient throughout the exami-
nation, recognizes discomfort, and responds to potential
complications.

Practical guidance for radiologic technologists:

e Communication: explain each step to reduce
anxiety and ensure cooperation. Clear com-
munication and reassurance improve coopera-
tion and may reduce patient anxiety during
positioning and contrast administration.

e Comfort: ensure the patient remains still and
breathes normally to minimize motion artifacts
and avoid the need for additional medication.

e Safety: review MR contraindications (e.g., metallic
implants) and potential contrast-related issues.

e Image quality: adjust the protocol as needed
to obtain diagnostically adequate images.

Managing discomfort and pain

Mild discomfort during contrast administration is expect-
ed. However, severe or sharp pain requires immediate
action: the injection should be stopped immediately and,
in critical cases, the radiologist or gynaecologist should
be consulted. The patient should be asked to localize the
discomfort or pain, and this information should be docu-
mented and reported to the radiologist. Even minimal
contrast administration can have diagnostic value, but
the injection should never be forced. Patient safety is al-
ways the priority.

Conclusion

MR-HSG is a safe and accurate diagnostic method for as-
sessing fallopian tube patency and the morphology of the
female reproductive system. In addition to the absence
of ionizing radiation, it provides high-quality imaging and
improved patient comfort.
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Successful implementation relies on appropriate pa-
tient preparation and strict protocol compliance by the
radiologic technologist. Our study demonstrates high di-
agnostic accuracy, and the procedure was well tolerated
by most patients.

Although our results support the effectiveness of
MR-HSG, it should be emphasized that similar studies
conducted across multiple institutions have reported
comparable findings. Wider implementation of MR-HSG
in clinical practice is essential to improve its availability
and facilitate its integration into routine care, ultimately
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MR-HSG kao sigurna, pouzdana i
nedovoljno koriStena metoda
Sazetak
Uvod: Histerosalpingografija (HSG) predstavlja zlatni
ukljucuje izlaganje ioniziraju¢em zracenju i primjenu jodnog kontrastnog sredstva. Magnetska rezonancijska
histerosalpingografija (MR-HSG) omogucuje procjenu prohodnosti jajovoda bez ioniziraju¢eg zracenja, uz superiornu
vizualizaciju mekih tkiva zdjelice.
Cilj: Procijeniti dijagnosticku vrijednost MR-HSG u procjeni prohodnosti jajovoda, s posebnim naglaskom na MRI
protokol, te usporediti nalaze s onima dobivenima konvencionalnom HSG metodom.
Materijali i metode: U istrazivanje je ukljueno pedeset pacijentica. Sve su podvrgnute MR-HSG pretrazi, nakon
Cega je odmabh slijedila HSG. Tijekom MR-HSG-a u Supljinu maternice aplicirana je razrijedena otopina gadolinijskog
kontrasta. Protokol se sastojao od T2-vagnih sekvenci i dinami¢kog T1l-vaganog snimanja. Prisutnost kontrastne
otopine uz jajnike i u Douglasu biljeZena je kao pokazatelj prohodnosti jajovoda. Podudarnost metoda procijenjena
je Cronbachovim alfa koeficijentom.
Rezultati: Bilateralna opstrukcija jajovoda potvrdena je u 6 slu¢ajeva (12%). Cronbachova alfa pokazala je izvrsnu
podudarnost izmedu metoda (0,97 za lijevi jajnik; 0,84 za desni jajnik; 0,80 za Douglasov prostor). Nisu zabiljezene
nuspojave.
Zakljucak: MR-HSG je ucinkovita i dobro podnosljiva metoda s visokom podudarnoséu u odnosu na HSG. Prednosti
ukljucuju izostanak ioniziraju¢eg zracenja i superiornu vizualizaciju mekih tkiva zdjelice. MR-HSG moze se smatrati
pouzdanom alternativom HSG-u.
Kljucne rije¢i: MR-HSG, HSG, prohodnost jajovoda, magnetska rezonancija, gadolinij, tubarna opstrukcija,
neplodnost, zdjelica
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