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Proximal fallopian tube obstruction (pFTO) is a common and potentially reversible cause of female subfertility. Image-guided
technigues have established interventional radiology as a central discipline in the diagnosis and treatment of this condition. This
review summarizes the pathophysiology, imaging evaluation, and management of pFTO, with a primary focus on fluoroscopy-
guided transcervical fallopian tube recanalization (FTR). Normal tubal anatomy, mechanisms of proximal obstruction, and the
diagnostic and therapeutic roles of hysterosalpingography are reviewed. Technical aspects of FTR, including patient selection,
procedural technique, periprocedural care, and follow-up, are described. Published outcomes demonstrate technical success
rates exceeding 90% with favorable pregnancy outcomes in appropriately selected patients and low complication rates. Given
its safety profile, cost-effectiveness, and ability to immediately restore tubal patency, fluoroscopic FTR represents an effective
first-line, minimally invasive treatment for women with isolated pFTO and an important application of image-guided therapy in

than 15% of child-seeking couples are
affected by infertility globally,” and the
incidence is thought to be increasing, in

Introduction

Subfertility at a Glance part due to a trend in couples rearing

Subfertility is defined as the inabil-
ity to conceive within 12 months of
frequent, unprotected intercourse in

offspring at a later age, when female
fertility and male sperm counts are

both in decline, and cumulative exposure
women younger than 35 years, or within to sexually transmitted infections is
increased.’ Most subfertility is attributable
to a male factor (~25%), ovarian factor
(~25%), or fallopian tube factor (~25%).

Another 10% arise from a uterine or

6 months in women 35 years and older,
and can be either primary (never achieved
pregnancy) or secondary (unable to
achieve subsequent pregnancy)."” More
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peritoneal cause, and in 40% of cases, both
male and female factors are thought to
contribute. Despite a wealth of knowledge
on the causes of infertility, still up to
one-third of workups yield no identifi-
able male or female factor, known as
unexplained infertility.**

The American College of Obstetricians
and Gynecologists, American Society
for Reproductive Medicine (ASRM), and
National Institute for Health and Care
Excellence (NICE) recommend that any
child-seeking woman who meets criteria
for infertility, or who has a condition
known to cause infertility, should be
offered an evaluation.>*” The workup
consists of 4 essential components: (1) a
comprehensive medical history of both
partners (if one exists), (2) targeted
physical examination of the female
partner, (3) semen analysis, (4) and testing
to exclude common ovarian, tubal, and
uterine causes of infertility. The latter
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generally includes, but is not limited to,
fluoroscopic hysterosalpingography (HSG)
to assess the uterine and tubal structures.

Fallopian Tube Obstruction

Tubal factor infertility accounts
for 25-35% of all female subfertility
worldwide, among which 10-25% is due
to proximal fallopian tube obstruction
(pFTO0).*>>*° There are many causes of
PFTO, including inspissated debris (eg
mucus, blood), tubal spasm (pseudo-
obstruction), salpingitis isthmica nodosa
(SIN), pelvic inflammatory disease (PID),
endometriosis, polyps, and congenital
Miillerian anomalies. However, it is
estimated that tubal spasm and mucus
plugs alone account for up to 40% of
cases.*' It is also estimated that half of
patients with bilateral obstructions have
isolated short segment disease and no
pelvic adhesions." The remaining causes
relate to distal fallopian tube obstruction
(dFTO), which is virtually always caused
by chronic adhesions from PID or other
inflammatory processes.’ It is important
to distinguish this entity from pFTO,
as dFTO leads to hydrosalpinges and is
managed surgically.’

Before discussing treatment options
for pFTO, it is important to first
understand normal tubal anatomy,
physiology, and underlying mechanisms
that lead to subfertility. Fallopian tubes
are 7-14 cm in length, trumpet-shaped,
musculomembranous conduits between
the ovaries and the uterus. Each tube is
comprised of an inner mucosal membrane
made up of 2 simple columnar epithelial
cell types, a middle muscularis comprised
of 2 smooth muscle layers, and an
outer serosa that is contiguous with the
mesosalpinx of the broad ligament.” Their
course is straight or slightly curved in
60% of women and tortuous in 40%. This
nonlinear anatomy is thought to assist
in preventing access of vaginal flora into
the peritoneum. However, this also makes
the oviduct prone to accumulation of
secretions and inflammation."

The proximal fallopian tube comprises
roughly the first 4 cm of duct with a
diameter of about 1 mm and consists of
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a proximal 1.5-2.5 cm intramural segment
(also known as the uterine or interstitial
segment) and distal 2-3 cm isthmic (or
extrauterine) segment. The intramural
segment has a thick muscular wall
relatively devoid of ciliated epithelium and
empties into the uterus through an ostium
at the apex of the uterine cornu or horn.
This combination of features renders
the intramural segment prone to spasm
and transient obstruction by upstream
secretions generated at the junction of
the intramural and isthmic segments, or
uterotubal junction, during the follicular
phase of the menstrual cycle.®

The distal fallopian tube is comprised of
an ampulla, infundibulum, and fimbriae
that gradually increase in caliber toward
the ovary. The distal fimbriated end is
open to the peritoneal cavity, where it
performs a sweeping motion over the
ovary allowing an ovulated egg to be drawn
into the oviduct. Once in the duct, the
ovum becomes available for fertilization,
where a coordinated effort between ciliary
action, secretory flow, and smooth muscle
contractions optimizes the environment
for sperm ascent, ovum descent, and
transportation of a developing embryo
to the endometrium. These multiple
essential functions of the fallopian tube
are modulated by an intricate network
of sympathetic and parasympathetic
nerve fibers, estrogen, progesterone, and
prostaglandins, all of which play a vital role
in achieving spontaneous pregnancy.'”"
The focus of this article is to discuss the
role of the interventional radiologist (IR) in
the workup and management of pFTO.

Treatment of Proximal FTO:
Then and Now

Since its inception in the early 20th
century, diagnostic transcervical HSG
was recognized for having therapeutic
value in the management of pFTO."*"
Its therapeutic effect on infertility
was first described in 1923 when
areport noted increased pregnancy
rates following successful intrauterine
insufflation of carbon dioxide to overcome
tubal occlusions.'® In 1931, a landmark
paper detailed a similar phenomenon

using oil-based contrast media.'” The
therapeutic advantage of lipid-soluble
contrast over aqueous-based agents was
subsequently determined.>*® Today, the
safety and efficacy of HSG using lipid-
soluble contrast is well established.
Current evidence from randomized
clinical trials comparing HSG to no
treatment suggests at least 3-fold increased
odds of achieving both clinical pregnancy
and live birth in the setting of pFTO.?

In the 1980s, with the advent of
improved low-profile coaxial catheter
and wire technologies, selective
salpingography and tubal recanalization
emerged as a superior treatment option
for tubal infertility.”' The contemporary
fluoroscopy-guided transcervical fallopian
tube recanalization (FTR) technique
used today combines standard HSG and
coaxial angiography techniques from
the IR’s armamentarium.” The FTR
procedure augments the therapeutic
benefit of conventional HSG via
selective tubal flushing of contrast and
catheter- and wire-directed mechanical
clearance of tubal debris and adhesions.
Moreover, selective salpingography has
a greater positive predictive value for
diagnosing tubal obstruction compared
to HSG.>” While there are many
underlying etiologies and nuances of tubal
obstruction, histopathologic findings in
the proximally occluded fallopian tube
include only 3 entities: fibrotic adhesions,
amorphous intraluminal debris, or normal
histology (in which case transient spasm or
dislodged debris is presumed).” Several
mechanisms have been proposed to
explain the improved fertility outcomes
from FTR, which include not only
direct mechanical effects, but also
indirect effects on the endometrium
and peritoneum.’ With regard to the
endometrium, there is evidence to suggest
that changes in the local immunological
environment may increase endometrial
receptivity by favorably modulating
leukocyte populations essential to early
embryo development.” With regard to
the peritoneum, oil-based contrast media
modulate dendritic and regulatory T
cell populations specific to pregnancy.”
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There is also evidence for inhibition

of sperm phagocytosis by peritoneal
macrophages by altering interleukin and
prostaglandin production.”

Guidelines and Indications for FTR

Current ASRM and NICE infertility
guidelines recommend the use of selective
salpingography and recanalization as
a first-line approach to diagnosis
and management of proximal tubal
obstruction.*’” FTR is indicated for women
with primary or secondary infertility who
have confirmed unilateral or bilateral
proximal tubal obstruction and no
other significant infertility factors.””

The procedure can be performed as a
standalone therapy, or as a neoadjuvant
with microsurgical tubal anastomosis
or in vitro fertilization (IVF) and
intracytoplasmic sperm injection (ICSI).*?
Tubal cannulation can be performed
fluoroscopically or hysteroscopically;
however, a fluoroscopic approach is
preferred as it allows simultaneous
diagnosis and treatment. Moreover,
fluoroscopy is less costly and mitigates
the need for sedation or anesthesia.’
Contraindications to FTR include active
pelvic infection, pelvic malignancy, or
pregnancy.® Relative contraindications
include the presence of concomitant
dFTO, cornual fibroids, severely distorted
uterine anatomy, Miillerian anomalies, or
severe SIN.’

Patient Evaluation

Patients are preferably seen for
preprocedural consultation in a dedicated
IR clinic. Key historical factors include
duration of infertility, coital frequency
and timing, pregnancy history, menstrual
history, sexual and gynecologic history,
prior contraceptive methods, prior
abdominopelvic surgeries, and drug and
alcohol use.” Current medications and
any supplements should be reviewed for
potential teratogenic agents. Any prior
infertility studies should be reviewed for
evidence of other contributing factors to
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infertility, including results of ovulatory
function testing, ovarian reserve testing,
and male semen analysis, which will aid in
the prognostication of FTR outcomes and
appropriate patient counseling. Perhaps
the most important role during the clinical
encounter is to set expectations and to
explain to the patient and her family
the risks, benefits, and alternatives to
FTR. This ensures an open dialogue that
allows for shared decision-making and
informed consent.®

Prior imaging should be reviewed
for procedural planning and to identify
any findings that could potentially
compromise the success of FTR, such
as hydrosalpinges, pelvic adhesions,
endometriosis, severe SIN, or complex
uterine anatomy.® The diagnosis of
PpFTO is established by demonstrating
a lack of patency within the first
4 cm of the fallopian tube, evaluated
either by HSG, hysterosalpingo-contrast
sonography, or diagnostic laparoscopy
and chromotubation. Fallopian tube
recanalizationis optimally performed
during the follicular phase of the
ovarian cycle and proliferative phase
of the endometrial cycle, that is, days
7-14. This increases the chances of
conception and decreases the risk of
contrast intravasation.' A preprocedural
pregnancy test is not routinely required
provided that FTR is performed during
the follicular phase.”” Note that ensuring
optimal timing requires a detailed
menstrual history of the patient’s
ovulatory cycle, especially if intervals
are irregular.

Technique

Patient Preparation

Five days total of doxycycline antibiotic
prophylaxis is recommended for all
patients undergoing FTR. Regimens can
include 100 mg twice daily beginning
2 days before, or a single 200 mg
dose immediately prior to the procedure
followed by 100 mg twice daily for
4 additional days.** Patients should

REVIEW

fast for a minimum of 6 hours in
the event that sedation is needed.
If sedation is administered, standard
moderate intravenous sedation with
midazolam and fentanyl titrated to comfort
is recommended.

In the angiography suite, the patient
is placed in the lithotomy position with
the lower extremities fastened in table
stirrups. The perineum is prepped and
draped in the usual sterile fashion.
At this stage, patient communication
is crucial to minimize discomfort. An
appropriately sized, lubricated speculum
is then inserted slowly into the vagina and
gently opened until the cervix is in clear
view. Optional warming of the speculum
can be performed prior to insertion by
rinsing itunder warm water or holdingitin
a gloved hand. Once in view, the cervix is
cleansed using sterile betadine swabs.®

Intrauterine Access and HSG

Transcervical uterine access is obtained
using a balloon occluding sheath or
catheter, such as a 9-French intrauterine
access balloon catheter (Cook Medical,
Bloomington, Indiana) or similar device
that can accommodate the passage of a
5- or 6-French diagnostic catheter while
occluding the internal os. A tenaculum
should be on standby in the event that
excessive mobility or difficult anatomy
prohibits successful cervical cannulation.
If this step is required, a topical anesthetic
applied to the cervix is encouraged prior
to engaging the tenaculum at the 12
o'clock position to fix the cervix in place.
The tenaculum can also help stabilize
the uterus for tubal cannulation. Next,

a conventional hysterosalpingogram is
performed to confirm the presence of
PFTO; gentle back tension can be applied
to the balloon catheter to prevent leakage
of contrast through the 0s.*'> Water- or
lipid-soluble contrast is injected through
the catheter into the uterine cavity

until all its contours are well-delineated,
and fluoroscopic runs are reviewed for
evidence of tubal patency (Figure 1).
Contrast should be prepared as a 50%
volume dilution in normal saline to ensure
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Figure 1. Initial hysterosalpingogram. Initial
hysterosalpingogram with iodinated contrast
demonstrates absence of opacification of

the proximal aspect of the bilateral fallopian
tubes, compatible with proximal fallopian tube
obstruction.

adequate visualization. A slow and steady
injection is recommended to minimize
tubal spasm and prevent a false positive
result.® If the tubes are not visualized
and spasm is suspected, turning the
patient prone will occasionally result in
their opacification.”

Selective Salpingography and
Recanalization

Selective catheterization of the tubal
ostium is then preferably performed with
a triaxial system that includes an angled
5-French catheter, 0.035-inch hydrophilic
guidewire, 3-French microcatheter, and
0.018 microwire in order to engage
the laterally oriented cornu and cross
the obstruction. The R6sch-Thurmond
fallopian tube catheterization set (Cook
Medical, Bloomington, Indiana) isideal for
this purpose. First, the 5-French catheter
is advanced over the 0.035-inch guidewire
into the uterine cornu (Figure 2), and a
salpingogram is performed. In a minority
of cases, a patent tube will be revealed,
and no further intervention is needed.”
Assuming persistent tubal obstruction, the
microcatheter and microwire are then
coaxially advanced across the proximal
occlusion, with gentle probing movements
of the microwire as necessary to clear
the obstruction (Figure 3). If the proximal
tube is acutely angulated or the site
of obstruction is within the isthmic
segment, exchanging the system for a
softer, tapered guidewire and catheter may
be preferred.®"
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Figure 2. Selective catheterization. A 5-French
angled catheter and 0.035-inch glidewire

are used to selectively catheterize the right
fallopian tube.

Figure 4. Selective salpingography. Selective
salpingography performed via the 5-French
catheter from the ostium of the right fallopian
tube reveals opacification of the entire length
of the fallopian tube with free spillage

of contrast into the peritoneum following
successful fallopian tube recanalization.

Following recanalization, the crossing
wire is removed and selective
salpingography through the 3-French
catheter is performed to confirm luminal
patency (Figure 4). Lastly, with the
5-French catheter still wedged in the tubal
ostium, the 3-French catheter is removed,
and a final salpingogram is performed
(Figure 5). Full-strength oil-based contrast
is preferred over water-soluble contrast
due to its association with higher clinical
pregnancy rates.’ Rarely, tubal perforation
may give the false impression of a patent
tube, in which case enough of the agent
should be injected to ensure spillage of
contrast through the distal fimbriated end
of the tube.

If bilateral obstruction is present,
attentionis then turned to the contralateral
side, and the procedure is repeated

Figure 3. Wire recanalization. The glide wire
is advanced to the distal aspect of the right
fallopian tube, clearing the proximal fallopian
tube of debris.

Figure 5. Final salpingogram. Final
salpingogram again demonstrates complete
opacification of the right fallopian tube with
free spillage of contrast into the peritoneum
following treatment of proximal fallopian tube
obstruction with recanalization.

in the same manner. All devices are
then removed from the uterus and
vagina, the patient is cleaned, and the
procedure is concluded. Total procedure
time is approximately 30 minutes,

with fluoroscopy time usually under

10 minutes.”

Postprocedural Care and
Follow-Up

Patients are discharged the same
day following a brief observation
period to monitor pain levels and
ensure no complications. Postprocedural
expectations and return precautions
should be reviewed with patients prior
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to discharge. Mild uterine cramping

and vaginal bleeding or discharge is
expected within the first 24 hours and
may continue for up to 3 days. Oral
nonsteroidal anti-inflammatory agents are
prescribed to be taken as needed for

pain control. Patients are encouraged

to abstain from sexual intercourse for

24 hours but can otherwise resume

their usual physical activity after the
procedure.® If not already doing so,
patients should be advised to start taking
daily prenatal vitamins, as the chance

of pregnancy is highest immediately
following FTR. Given the diminishing
chances of spontaneous conception over
time, repeat FTR or an alternative therapy
should be considered 6-12 months after
successful recanalization if pregnancy has
not yet ensued.” In cases of failed FTR,
one study revealed that 93% of patients
had evidence of SIN, chronic salpingitis,
or obliterative fibrosis on excised proximal
tube specimens.” Lastly, patients should
be advised to continue follow-up with their
fertility specialist, as couples may have
additional fertility treatments planned
after tubal patency is restored."”

Outcomes

Technical success for restoring tubal
patency via fluoroscopic FTR ranges from
70% to 100%,** with most contemporary
reports citing success rates of well over
90%.%*3 However, tubal re-occlusion is
common following FTR and may warrant
early reintervention in certain cases,
as repeat recanalization is feasible and
has resulted in successful pregnancies."
Amongwomen who do not conceive within
one year, rates of tubal re-occlusion are as
high as 25%, 50%, and 60% at 3, 6, and 12
months, respectively."*

Due to differences in reporting
methods and heterogeneity among study
populations, clinical success rates of FTR
vary considerably within the literature.
One meta-analysis found a clinical
pregnancy rate of 27% at 12 months, with
a live birth rate of 22%%; however, many
women had a combination of infertility
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factors and therefore did not reflect
true pFTO rates. In carefully selected
patients who have undergone a full
workup with no other identifiable causes
of infertility other than proximal tubal
occlusion, 12 month clinical pregnancy
rates in the range of 41-58% are
widely reported.***>* In general, favorable
factors are thought to include younger age
(< 35years), secondary infertility, duration
of infertility < 5 years, and pFTO as the
sole cause of infertility,* although this
has yet to be elucidated by large-scale
randomized data. At this time, there is no
convincing evidence for a difference in
outcomes between unilateral and bilateral
pFTO.*>® While FTR is an effective
treatment for unilateral pFTO, it should
be noted that similar pregnancy rates have
been achieved with ovarian stimulation
therapy and intrauterine insemination
in this population.’ Lastly, multiple
retrospective studies have demonstrated
no significant difference in pregnancy
outcomes between fluoroscopic and
hysteroscopic recanalization techniques,
which is important to consider when
counseling patients and communicating
with colleagues across disciplines.”*
Given the substantial heterogeneity
within the literature, it is best to advise
patients with a conservative estimate of
pregnancy outcomes. Patients should be
counseled only after a routine infertility
workup has demonstrated that they are
a good candidate for FTR. In general,
patients should be advised that their
chance of conception is atleast 30% shortly
after recanalization, and that if they do
not achieve pregnancy after 6 months,
there is a 50% chance that re-occlusion
has occurred.®

Adverse Events

Primary complications include ectopic
pregnancy, spontaneous abortion, tubal
perforation, and pelvic infection. Ectopic
pregnancy has been reported to occur
in 3-9% of patients.** However, the
percentage directly attributable to FTR
is unclear, as patients with tubal disease

REVIEW

have a baseline elevated risk of ectopic
pregnancy prior to intervention, and
similar ectopic rates are seen following
IVF. The rate of spontaneous abortion
ranges from 4% to 8% among large
cohorts and does not appear to differ from
hysteroscopic techniques.® Asymptomatic
tubal perforation occurs in 2-11% of cases
and requires no additional monitoring
or intervention.*”" It is unclear at this
time whether perforation has an impact
on subsequent pregnancy outcomes, as
case numbers are overall low. The rate of
pelvic infection, although not reported in
the literature, is a theoretical risk of any
transcervical procedure and is generally
assumed to be < 1% following FTR.®
Historically, intravasation, or the
backflow of contrast into the blood
or lymphatic vessels, was considered
an important risk factor of HSG, said
to occur in approximately 1-7% of
cases.’ While intravasation occasionally
occurs, it is nearly always asymptomatic.
Nevertheless, there is a potential, although
mostly historical, risk of allergic reaction
or embolic phenomena. Lastly, there is
a potential risk of harm from radiation
exposure. However, studies have shown
that the dose absorbed by the ovaries
during FTR is < 1 Rad (10 Gy), or
roughly equivalent to one barium enema,
and is within the acceptable limits for
women of reproductive age." Importantly,
while a fertilized gamete is highly
radiosensitive, an unfertilized ovum is
relatively radioresistant.®

Alternatives and Future
Applications

It is imperative that IRs performing
FTR have fundamental knowledge of both
the pathophysiology of and treatments
for proximal tubal disease. Microsurgical
tubocornual anastomosis is a well-
established procedure for pFTO that
involves careful resection of the occluded
proximal segment and surgical conjoining
of the non-diseased tube to the uterine
cornu, with pregnancy rates of up to 58%
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over the course of months to years, and an
ectopic rate of 4%." While the procedure
has fallen out of favor in recent years due
to its invasiveness and lag time in efficacy,
it is still used as a first-line treatment for
tubal ligation reversal.’”

The number of couples seeking IVF
and ICSI treatment for tubal infertility
has dramatically increased over the
past few decades and continues to
increase in popularity and efficacy. Recent
global estimates of successful per-cycle
pregnancy rates and live birth rates
are 24% and 18% for IVF, and 26%
and 19% for ICSI, respectively.” The
main disadvantages of these therapies
include high cost, potential need for
multiple treatments and several weeks
of monitoring, and the risks of twin
gestation and ovarian hyperstimulation
syndrome.”* Thus, for infertility due to
isolated proximal tubal obstruction, FTR
is preferred as the first-line option, with
microsurgical anastomosis and IVF/ICSI
reserved for refractory cases.

A number of recent developments
have emerged as potential future
treatment options for pFTO. Fertiloscopy
and falloposcopy are among such
developments.* Similar to conventional
hysteroscopy, falloposcopy allows direct
visualization of the working field,
but on a much smaller scale. The
new low-profile scopes are designed
to navigate into the fallopian tube
and can be used to cross tubal
obstructions under direct view. However,
further study is needed to demonstrate
feasibility, safety, and efficacy. Another
area of ongoing research is in the
development of solutions to prevent
re-occlusion after FTR. A number of small
studies have used various biochemical
agents injected into the fallopian tubes
after recanalization. A recent 4-arm
randomized controlled trial studied rates
of pregnancy and re-occlusion following
injection of beta-(1-4)-2-amino-2-deoxy-
D-glucosechitosan (chitosan) and Salvia
miltiorrhiza (Dan-shen), 2 commonly used
Eastern medicinal compounds.®
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At 12 months post-FTR, cumulative
pregnancy rates for each group were 31%
(control), 47% (chitosan), 43% (Dan-shen),
and 64% (chitosan plus Dan-shen), which
was statistically significant. For patients
who had not conceived by 12 months,
tubal patency rates were 39% (control),
78% (chitosan), 77% (Dan-shen), and
94% (chitosan plus Dan-shen). While the
mechanisms by which these agents might
work to prevent re-occlusion are not well
understood, these results show promise
for future research into adjuvant agents
other than oil-based contrast.

Conclusions

PFTO is a common cause of female
infertility in which IRs have a primary
role in the diagnosis, treatment, and
management of. Due to its favorable
safety and efficacy profile, fluoroscopic
transcervical FTR has become the
first-line treatment of choice for pFTO.

In experienced hands, FTR is associated
with a technical success rate of up to
100% and 1-year pregnancy rate of up

to 60%, with immediate onset of efficacy
and extremely low rate of complications.
Tubal re-occlusion is common after FTR,
occurring in up to 50% of patients after

6 months. Therefore, patients should be
closely followed by their IR and infertility
specialistin the immediate postprocedural
period and offered repeat intervention or
prompt referral for appropriate treatment
if pregnancy is unlikely to occur.
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