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Abstract
Endometriosis is often seen and sometimes initially diagnosed on hysterosalpingography (HSG), an imaging exam routinely 
performed on patients with infertility. Here we discuss the role of HSG in the evaluation of patients with infertility with a 
focus on patients with endometriosis. The HSG technique, including patient preparation as well as potential risks and com-
plications, is detailed. Imaging findings in patients with endometriosis are illustrated and a template for exam reporting is 
presented. Common imaging pitfalls are described with examples.

Keywords Female pelvic imaging · Gynecology · Infertility · Mullerian anomalies · Adenomyosis · Fallopian tube · Pelvic 
adhesions · Peritubal adhesions · Tubal occlusion

Introduction

Endometriosis is defined as the growth of endometrial tis-
sue outside the endometrial cavity [1]. Approximately 10% 
of women of reproductive age have endometriosis [2, 3]. 
However, there is a reported incidence of up to 50% in 
patients with infertility [4]. Pathologically, three forms of 
endometriosis are described—superficial peritoneal, ovar-
ian, and deeply infiltrating [1, 5]. With superficial involve-
ment, endometriotic implants are present on the surface of 
the pelvic peritoneum [6]. In ovarian endometriosis, ovar-
ian pseudocysts are lined by endometrioid mucosa, hence 
called “endometriomas” [6]. Deep infiltrating endometriosis 
is defined as the presence of invasive tissue that infiltrates 
greater than 5 mm into the peritoneal surface or into the wall 
of adjacent pelvic organs [1, 5, 6].

Hysterosalpingography (HSG) is the fluoroscopic evalua-
tion of the uterine cavity, fallopian tubes, and adjacent peri-
toneal cavity following injection of contrast media through 

the cervical canal [7]. It evaluates the fallopian tubes, the 
uterine contour, and indirectly the adjacent pelvic perito-
neum in patients undergoing evaluation for infertility. HSG 
findings are sometimes the first indication of underlying 
endometriosis as infertility is one of the sequelae of this 
disease. Thus, radiologists performing and interpreting 
HSG should be familiar with the findings associated with 
endometriosis.

This review describes the technical aspects of HSG per-
formance including issues related to patient preparation 
and safety screening. Interpretation of HSG images is then 
discussed including a description of expected findings. A 
reporting template for HSG in patients with suspected endo-
metriosis is presented.

Technique

Safety screening and patient consent

A brief medical history is taken from the patient to include 
the duration of symptoms, if any, history of previous pelvic 
infections or surgery, obstetric history, contraceptive use, 
date of last menstrual period (LMP), and previous contrast 
reactions (Table 1). Informed consent is obtained after a 
discussion between the patient and the health care provider 
about the possibility of pelvic discomfort, vaginal bleeding, 
infection, contrast reaction, and the potential for irradiation 
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of an unsuspected pregnancy. Patients with indwelling fal-
lopian tube micro-inserts or intrauterine devices are coun-
seled regarding the risk of implant dislodgement, potentially 
requiring a separate procedure for replacement.

HSGs should ideally be performed on day 6 through 11 
of the menstrual cycle to avoid peak menses and radiating 
a pregnancy. Neither serum nor urine pregnancy tests reli-
ably exclude pregnancy during the first 3 weeks following 
the LMP and are therefore not routinely required [8]. Thus, 
in the timeframe of the exam, screening pregnancy tests 
add cost and delay that can be avoided by careful history 
and counseling. The most common indication for HSG is in 
patients undergoing fertility evaluation and, in this group, 
reported LMPs are typically accurate. If the patient states 
that she is past ovulation and sexually active, making a preg-
nancy a possibility, we reschedule the exam and counsel the 
patient on the correct timing and preparations for the return 
visit. Patients who cannot provide a reliable LMP and those 
who have just had an atypically light menses that could rep-
resent implantation bleeding of an early pregnancy are also 
asked to reschedule.

Potential risks and complications

Infection

Routine antibiotics are not required prior to the procedure. 
The risk of infection following HSG is low, with reported 
rates ranging from 0.3 to 3.4% [9–11]. Antibiotics should 
be administered if contained pools of contrast (e.g., dilated 
tubes without spill or spilled contrast within locules) are 
noted at the end of the exam.

These findings are associated with an increased risk 
of post-procedural infection [9, 12]. Doxycycline 100 mg 
orally, twice daily for 5 days is a commonly used regimen 
in this patient cohort [12] which can be prescribed by the 
radiologist or the referring physician.

Patient discomfort

While discomfort can occur during HSG, typically due to 
uterine distension, analgesia is not routinely administered. 
Pain associated with the procedure is typically mild and self-
limited. Peritoneal irritation can also lead to discomfort [13] 

Table 1  Patient safety evaluation before hysterosalpingography

*Categorization of contrast reactions by severity and recommended premedication protocols can be found in the ACR Committee on Drug and 
Contrast Media
ACR manual on contrast media, Version 10.3, American College of Radiology 2018
https ://www.acr.org/~/media /ACR/Docum ents/PDF/Quali tySaf ety/Resou rces/Contr ast-Manua l/Contr ast_Media .pdf
^See text for description of premedication regimen and other precautionary measures

Contraindication Pertinent medical history Corrective action

Pregnancy Sexually active without contraception and on day 
12 or beyond of menstrual cycle

Reschedule procedure to day 6–11 of menstrual cycle 
and advise patient to use contraception until then

Acute reaction to iodinated contrast Categorize index reaction as mild, moderate, or 
severe*

If severe, the procedure is contraindicated; for mild 
reaction, premedication and other precautionary 
measures are required^

Active pelvic infection Symptomatic or undergoing treatment Reschedule procedure until asymptomatic and after 
completion of therapy

Active uterine bleeding Usually day 1–5 of menstrual cycle Reschedule to day 6–11 of menstrual cycle

Table 2  Hysterosalpingography findings in endometriosis

Pathology Imaging finding

1. Hydrosalpinx 1. Dilated fallopian tube
2. Fallopian tube occlusion 2. Partial contrast filling but lack of spill from tube
3. Peritubal adhesions 3. Loculated contrast spill or pooling collections of spilled contrast
4. Deep infiltrative endometriosis 4. Pooled contrast in the deep pelvis. Fallopian tube courses posteriorly from the 

uterus to the midline cul-de-sac
5. Uterine adenomyosis 5. Abnormal uterine cavity contour with extrusion of contrast into the myometrium
 Associated with endometriosis   Focal—can mimic necrotic fibroid
 Endometrial tissue infiltrates into the myometrium   Diffuse

https://www.acr.org/%7e/media/ACR/Documents/PDF/QualitySafety/Resources/Contrast-Manual/Contrast_Media.pdf
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but this discomfort can be minimized with a slow contrast 
injection and the use of iso-osmolar contrast agents [14]. 
If cramping does occur following the procedure, we advise 
patients to use over-the-counter non-steroidal anti-inflam-
matory medications.

Severe pain following HSG is extremely rare and could 
indicate a complication such as an infection. In such cases, 
we advise patients to seek medical attention from their 
physician.

Contrast allergy

Iodinated contrast is injected into the uterine cavity and 
the fallopian tubes into the peritoneal cavity during a HSG. 
Nonionic, water-soluble contrast is preferred, as the risk of 
allergic reaction is less than that with ionic contrast [15]. 
The amount of contrast injected varies between patients but 
is typically around 10 to 30 mls. As some of this contrast 
is metabolized intravascularly, there is a small amount of 
systemic absorption of contrast.

In patients with a history of mild contrast allergy, pre-
medication is administered with a steroid and antihistamine 
(oral prednisone 50 mg at 13, 7 and 1 h prior to contrast 
administration; oral, IM or IV diphenhydramine 50 mg 1 h 
prior to contrast administration) [15]. History of moderate 
contrast allergy is a relative contraindication to HSG [16]. In 
these patients, HSG is performed, only if alternative meth-
ods for the assessment of tubal patency are unsuitable or 
unsafe. Premedication and intraprocedural vital sign moni-
toring is necessary and the exam is performed in a setting 
where immediate resuscitation expertise is available. In 
patients with a history of severe contrast allergy, HSG is 
contraindicated.

Radiation

Radiation dose conferred by an HSG is below that of annual 
background radiation and below the 50 mGy consensus 
threshold for negligible risk [17, 18]. HSG is performed in 
real-time using fluoroscopy during which selected spot radi-
ographs are acquired. The average dose to the female gonads 

Fig. 1  Abnormal fallopian tube. 36-year-old female with infertility. 
HSG images demonstrate a normal right fallopian tube (a, arrow) 
with free spill of contrast (b, arrow). The left fallopian tube does 
not opacify which could represent either occlusion or spasm. Axial 

T1-weighted images with fat saturation (c) and axial T2-weighted (d) 
MR images demonstrate a left ovarian endometrioma (arrow). Axial 
(e) and sagittal (f) T2-weighted images demonstrate a left hydrosal-
pinx (thick arrow)
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is estimated at 2.7 mGy with an effective dose of 1.2 mSv 
[19]. This compares to an effective dose from annual back-
ground radiation of 3.1 mSv and from screening mammog-
raphy of 0.4 mSv [20].

Procedure

Catheter placement

The patient is placed in the dorsal lithotomy position. A 
bimanual examination is performed to assess uterine body 
flexion, cervical location, and size of the vaginal canal [13]. 
A speculum is placed in the vagina to visualize the cervix. 
The cervix is cleaned with antiseptic soap (or saline in the 
case of allergy). A blunt dilator may be gently placed in the 
cervical canal for a couple of minutes.

Using long forceps, a 5-F flexible balloon-tipped catheter 
is placed into the endocervical canal. Once positioned, the 
catheter is secured in place by inflating the balloon with 
approximately 1.5 cc of sterile water. If the catheter cannot 
be placed in the endocervical canal, it should be placed into 
the endometrial cavity, and the balloon is gently inflated and 
then retracted until it is secure. After catheter placement, the 
speculum is removed to allow optimal visualization of the 

cervical canal and lower uterine segment. The patient is then 
placed supine on the table for fluoroscopy.

Image acquisition

In order to optimize image quality and reduce radiation dose, 
attention to correct fluoroscopic technique is necessary. To 
decrease background scatter, the distance from the beam 
source to the target organs is reduced and the images are 
coned. The following images are typically obtained:

• Scout, prior to contrast injection.
• Early filling anteroposterior (AP) view of the uterus.
• Antero-lateral oblique view of one tube demonstrating 

spill.
• Antero-lateral oblique view of the other tube demonstrat-

ing spill.
• En face, AP view of the uterus. To achieve this, the cli-

nician gently pulls down the catheter to lay the uterine 
cavity out in the imaging plane.

Fig. 2  Hydrosalpinx. 31-year-
old female with a history of 
endometriosis. HSG images 
(a–d) demonstrate a normal 
right fallopian tube (thin arrow) 
with free spill (thick arrow) 
and a dilated left fallopian tube 
(arrowhead). At laparoscopy, 
bilateral ovarian endometrio-
mas, a normal right fallopian 
tube, and a markedly swollen 
left fallopian tube with adherent 
blood clots were noted. Endo-
metriosis was seen on the pelvic 
side walls
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Fig. 3  Loculated contrast spill. 
29-year-old female with a his-
tory of infertility. HSG images 
(a–d) demonstrate free spill 
into the peritoneum on the left 
side (arrow) but loculated spill 
on the right side (thick arrow) 
indicating peritubal adhesions. 
Axial T1-weighted images 
with fat saturation (e) and axial 
T2-weighted images with fat 
saturation (f) from a pelvic MR 
performed three months later 
demonstrate bilateral ovarian 
endometriomas (arrows). Coro-
nal and sagittal T2-weighted (g 
and h) images demonstrate a 
right hydrosalpinx and loculated 
peritubal fluid (thick arrow)
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Interpretation (Table 2)

Fallopian tubes

Each fallopian tube can be divided into three segments. 
The interstitial or cornual segment is the short segment that 
traverses the muscular wall of the uterus [7]. The isthmic 
segment is narrow and extends between the interstitial and 

ampullary segments. It is the longest of the three segments. 
The ampullary segment is the widest, adjacent to the ovary.

Tubal obstruction

Partial filling of the fallopian tube with contrast with no 
contrast spill into the peritoneal cavity indicates obstruc-
tion. The ampulla is a common site of tubal obstruction 
in patients with pelvic adhesions [16]. Obstruction at the 

Fig. 4  Deep infiltrative endome-
triosis. 38-year-old female with 
history of infertility and known 
endometriosis. HSG images 
(a–d) demonstrate spill of con-
trast into the peritoneum which 
is loculated in the deep poste-
rior pelvis (arrow). The fimbrial 
ends of both fallopian tubes and 
the fluid are midline in the cul-
de-sac, a finding associated with 
deep infiltrative endometriosis. 
Axial T1 with fat saturation (e) 
and axial T2-weighted (f) MR 
images demonstrate bilateral 
endometriomas (thick arrow). 
Both ovaries are correspond-
ingly in the midline cul-de-sac
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isthmus can be seen following surgical procedures such as 
salpingectomy or tubal ligation. Tubal obstruction is seen 
most commonly in pelvic inflammatory disease [21] but is 
also seen in endometriosis [22].

Hydrosalpinx

Hydrosalpinx is defined as fluid-filled dilatation of the fal-
lopian tube [23] (Figs. 1 and 2). On HSG, the finding is 
contrast opacification of a dilated fallopian tube, an abrupt 
cut-off and no free spill of contrast into the peritoneal cav-
ity. Hydrosalpinx is commonly due to peritubal adhesions, 
a sequela of endometriosis [24].

Loculated contrast after spill

Spill of contrast from the fallopian tube is normally free 
flowing. However, peritubal adhesions prevent free flow 
of contrast material after spillage. Loculations around the 
ampullary segment of the fallopian tube indicates peritubal 

adhesions (Fig. 3). On HSG, loculation is seen as pooling 
of contrast material.

Fallopian tube location

A common location for solid invasive endometriosis is the 
rectouterine pouch. Consequently, in patients with deep 
infiltrative endometriosis, the ovaries are often located mid-
line, posterior to the uterus in the cul-de-sac. This is due 
to adhesions between the adjacent peritoneal surfaces and 
has been described as “kissing ovaries” on cross-sectional 
imaging. The correlative finding on HSG are fallopian tubes 
that drape posterior to the uterus with the fimbrial ends in 
the midline and loculated contrast spill into the cul-de-sac. 
This finding may indicate deep infiltrative endometriosis 
[25] (Fig. 4).

Fig. 5  Uterine adenomyosis 
and tubal occlusion. 38-year-old 
female. History of three sponta-
neous abortions. HSG (a) dem-
onstrates an abnormal uterine 
lumen, with an irregular contour 
and multiple outpouchings in 
the lower uterine segment, adja-
cent to the left uterine horn and 
extending superiorly from the 
fundus (arrows). Appearance 
of the uterine cavity indicates 
adenomyosis. The caliber of 
both fallopian tubes are normal, 
although free spill was not 
seen from either fallopian tube. 
Sagittal T2-weighted MR image 
(b) demonstrates thickening of 
the junctional zone (arrow) and 
hyperintense endometrial glands 
into the fundal myometrium 
consistent with adenomyosis 
(arrowhead). Axial T2 (c) and 
coronal T2 (d) weighted MR 
images demonstrate an adeno-
myoma (thick arrow)
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Uterus

Adenomyosis

Adenomyosis is characterized by the presence of ectopic 
endometrium within the myometrium [26]. There is an 
association between endometriosis and adenomyosis with a 
reported prevalence of adenomyosis of up to 91% in patients 
with endometriosis [27]. Adenomyosis on HSG is seen as 
multiple saccular contrast collections that extend beyond the 
expected endometrial margin into the myometrium (Figs. 5 
and 6). The endometrial cavity itself is sometimes enlarged. 
Patients with suspected adenomyosis are referred for MRI 
for accurate diagnosis [28].

Mullerian anomalies

Patients with Mullerian duct anomalies with obstruction of 
antegrade menstruation have an increased risk of endometri-
osis [1, 29–31] (Fig. 7). This includes females with a unicor-
nuate uterus with a non-communicating rudimentary horn or 
uterus didelphys with a transverse vaginal septum [32]. HSG 
can identify a uterine cavity with a single horn indicating a 
unicornuate or didelphys uterus. A vertical intracavitary sep-
tum would indicate a bicornuate or septate uterus. Definitive 
characterization of these abnormalities requires visualization 
of the external uterine contour. Consequently, when HSG 
indicates a Mullerian anomaly, the patient is referred for 
further imaging with either pelvic MRI or ultrasound with 
three-dimensional reconstruction [16].

Uterine synechiae

Uterine synechiae or adhesions are often seen in patients 
undergoing evaluation for infertility when synechiae can 
cause uterine outflow obstruction. The associated retrograde 
menstruation is a risk factor for endometriosis [1, 33–35]. 
On HSG, synechiae are usually seen as an unusually small 
uterine cavity with an abnormal contour (Fig. 8).

Exam reporting (Table 3)

HSG exam reporting should include a description of the tube 
and the nature of the contrast spill into the peritoneal cavity. 
Uterine cavity abnormalities should be noted and referred 
for further evaluation.

The fallopian tube caliber and patency should be 
described. If the tube is patent, the contrast spill should be 
described as free or loculated. If the course of the fallopian 
tube and the location of loculated spill in the cul-de-sac sug-
gest deep infiltrative endometriosis, this should be noted.

The contour of the uterine cavity should be described. 
Findings indicating adenomyosis or a Mullerian fusion 
anomaly should be noted and characterized further with 
a pelvic MRI. Any intracavitary filling defects should be 
noted and referred for evaluation with sonohysterography 
or hysteroscopy.

Pitfalls in performance and interpretation

Cornual spasm

The cornual segment of the fallopian tube is encased by 
uterine smooth muscle. Muscle spasm can lead to transient 
tubal occlusion, thus leading to non-opacification of a patent 

Fig. 6  Bilateral tubal occlusion and adenomyosis. 34-year-old female 
with a history of infertility. Anteroposterior (a) image from HSG fol-
lowing instillation of contrast shows an enlarged cavity and partial 
filling of the left fallopian tube (thin arrow). Oblique image (b) dem-
onstrates an irregular uterine lumen with multiple outpouchings sug-
gestive of adenomyosis (thick arrow) and partial filling of both fallo-
pian tubes (arrowheads)
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tube (Fig. 9). Occlusion from muscle spasm is reversible but 
can last for over 15 min.

In our practice, if we suspect cornual spasm, we pause the 
study for several minutes to allow the spasm to resolve. If the 
spasm does not resolve, and imaging evaluation of the tube 

is clinically necessary, the patient is rescheduled. Repeat 
examination of such patients usually shows a normal fal-
lopian tube indicating cornual spasm on the original exam. 
Often, repeat exam is not necessary as illustration of a single 
normal fallopian tube is sufficient for the patient to progress 
onto the next steps in the evaluation of infertility.

Tubal occlusion from other causes

Infection from pelvic inflammatory disease, appendicitis, 
and diverticulitis as well as endometriosis are the most 
common causes for pelvic adhesions. Less common causes 
include congenital uterine anomalies, pelvic masses, and 
other rare causes of inflammation, such as tuberculosis or 
xanthogranulomatous salpingitis [36]. The ampulla is a com-
mon site of obstruction (Fig. 10). Obstruction at the isthmus 
is seen following salpingectomy and tubal ligation.

Active menses

Active menses is a relative not absolute contraindication 
[16]. In our practice, we perform HSGs on day 6 through 
11 from the LMP to avoid both pregnancy and intrauterine 

Fig. 7  Uterine anomaly and 
hydrosalpinx. 29-year-old 
female with a history of 
infertility. HSG (a) image 
demonstrates a single, left-sided 
uterine cavity (arrow) and 
a dilated left fallopian tube 
indicating a hydrosalpinx (thick 
arrow). Axial T2-weighted MR 
images (b, c) illustrates a uni-
cornuate uterus (thin arrow) and 
a left-sided hydrosalpinx (thick 
arrow). Axial T1-weighted 
image with fat saturation (d) 
demonstrates a T1 hyperintense 
nodule in the pelvis (arrow) 
corresponding to an endometrial 
implant

Fig. 8  Uterine synechiae. 33-year-old female with a history of infer-
tility. HSG image demonstrates a small uterine cavity with multi-
ple irregular filling defects compatible with scarring and adhesions 
(arrowheads). There are normal fallopian tubes bilaterally (arrows) 
which demonstrated free spill
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blood clots. The presence of active menses can cause filling 
defects in the uterine cavity leading to erroneous diagno-
ses of focal endometrial or myometrial lesions. Moreover, 
it occasionally precludes evaluation of the tubes. Intrauter-
ine blood clots can occlude the passage of contrast into the 
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Fig. 9  Cornual spasm. 30-year-old female with a history of infertility. 
HSG image with a balloon-tipped catheter in the uterine cavity dem-
onstrates a normal left fallopian tube (thin arrow) with free spill. The 
right fallopian tube does not demonstrate any filling, most likely due 
to spasm (thick arrows) and cannot be evaluated
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fallopian tubes (Figure 11). Patients who present before day 
6 but a few days past peak menses can usually be evaluated.

Fibroids

Large fibroids can distort the uterine cavity, in some cases 
mimicking uterine anomalies and in others precluding com-
plete evaluation of the fallopian tubes (Fig. 12). If uterine 
cavity distortion from fibroids is suspected, we refer the 
patient for further imaging with pelvic ultrasound or MRI. 
The latter is preferred if the HSG indicates an enlarged 
uterus that would require large field-of-view imaging.

Adnexal mass

Large pelvic masses can distort the course or obstruct the 
fallopian tubes, mimicking peritubal adhesions or deep infil-
trative endometriosis (Fig. 13). This should be suspected if 

fallopian tube appears displaced or is not following a nor-
mal course. If an underlying pelvic mass is suspected, we 
refer the patient for further imaging with pelvic ultrasound 
or MRI. The latter is preferred if the HSG indicates a mass 
greater than 5 cm that would require large field-of-view 
imaging.

Intravasation

On HSG, the early appearance of venous or lymphatic intra-
vasation is of multiple thin-beaded channels surrounding 
the uterine cavity [37]. These channels can occasionally be 
mistaken for tubal filling. In order to avoid this pitfall, we 
avoid excessive pressure during contrast injection as well as 
inadvertent placement of the cannula into the myometrium 
(Fig. 14).

Conclusion

Endometriosis is often seen and sometimes initially diag-
nosed on HSG, an imaging exam routinely performed on 
patients with infertility. HSG findings suggesting endome-
triosis include hydrosalpinx, tubal occlusion, peritubal, and 
deep pelvic adhesions and adenomyosis. Findings indicating 

Fig. 10  Unilateral tubal occlusion. 48-year-old female with a history 
of infertility. Anteroposterior image from a HSG (a) shows no opaci-
fication of the left fallopian tube (thick arrow) and a normal right fal-
lopian tube (thin arrow). Oblique, magnified image (b) demonstrates 
peritoneal spill from the right side and partial opacification of the left 
fallopian tube (arrowhead) indicating tubal occlusion

Fig. 11  Active menses with clots in the uterine cavity. 40-year-old 
female with a history of secondary infertility. HSG images demon-
strate filling defects (arrows) during the early filling stage (a), which 
persist on later images (b), consistent with intrauterine blood clots. 
As there is no contrast opacification of the fallopian tubes, they can-
not be evaluated
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Fig. 12  Uterine fibroids. 40-year-old female with a history of infer-
tility. HSG image (a) demonstrates a markedly enlarged uterine cav-
ity with distorted contour (arrow). There is partial opacification of 
the right fallopian tube (arrowhead) with intraperitoneal spill dem-
onstrated on later spot images. There was no opacification of the left 
fallopian tube, which was thought to be due to mass effect on the 
tubal os by the distorted uterine geometry. Sagittal (b) and axial (c) 
T2-weighted images from an MRI pelvis in the same patient con-
firms the presence of an enlarged uterus with multiple fibroids (thick 
arrows)

Fig. 13  Adnexal mass. 31-year-old female with a history of infertil-
ity. Images obtained following instillation of contrast demonstrate a 
patent left fallopian tube (a) with intraperitoneal spill. The right fallo-
pian tube (a and b) is opacified but has an abnormal course (arrows). 
Pelvic ultrasound indicates the presence of a 10-cm cystic right 
adnexal mass (c) separated from the urinary bladder which accounts 
for the displaced fallopian tube. The mass was surgically excised and 
confirmed to represent an ovarian serous cystadenoma
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a Mullerian anomaly or uterine synechiae would indicate a 
patient at higher risk of endometriosis. A diagnosis of endo-
metriosis suspected on HSG should be confirmed with MRI 
or surgery.
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