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ABSTRACT

Objective To evaluate, in patients who underwent
Fallopian-tube sterilization by hysteroscopic insertion
of an Essure® device, the feasibility and accuracy
of three-dimensional (3D) transvaginal sonography
(TVS) to check the position of the device and 3D
hysterosalpingo-foam sonography (3D-HyFoSy) using
contrast-enhanced gel foam to assess consequent tubal
occlusion.

Methods This was a prospective multicenter study con-
ducted from June 2012 to July 2014 in four Italian centers,
which included 50 women who underwent hysteroscopic
Essure microinsert placement in a total of 95 Fallop-
ian tubes. Placement of the microinserts was performed
in an outpatient setting following standard procedure
recommendations. All patients underwent transvaginal
3D-HyFoSy and hysterosalpingography (HSG) approxi-
mately 12–14 weeks after the procedure. The position of
the devices was first checked on 3D-TVS and classified
according to specific criteria (Positions A, B, C and D).
Then, 3D-HyFoSy with ExEm® gel foam as the ultra-
sound contrast agent was performed to confirm tubal
occlusion by the absence of contrast agent within the
tubes and/or around the ovaries. To evaluate the feasibil-
ity of 3D-HyFoSy, consecutive volume acquisitions were
performed while injecting the gel foam. After sonographic
evaluation, women underwent HSG to assess the success
of sterilization, as standard methodology. Side effects and
pain evoked during and after 3D-HyFoSy and HSG were
evaluated using a numeric pain rating scale.

Results On 3D-TVS, 10 devices (10.5%) were in Position
A, two (2.1%) in Position B, 59 (62.1%) in Position C
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and 24 (25.3%) in Position D. During 3D-HyFoSy, tubal
occlusion was observed in 89 of 95 tubes (93.7%). In
the six cases in which the passage of the contrast was
observed, one device (16.7%) was in Position B, one
device (16.7%) in Position D and four devices (66.7%)
were found to lie in Position C. Tubal patency was
confirmed at HSG with a concordance rate of 100%.
The mean pain score associated with 3D-HyFoSy was
significantly lower than that on HSG.

Conclusions 3D-TVS with HyFoSy allows accurate
assessment of the position of Essure microinserts and
tubal occlusion. It can be considered a safe, reliable,
non-invasive alternative to HSG. Copyright © 2017
ISUOG. Published by John Wiley & Sons Ltd.

INTRODUCTION

The Essure® system is currently the only product with
Food and Drug Administration (FDA) approval for
hysteroscopic sterilization with a 5-year success rate of
99.9%1–11.

Essure hysteroscopic sterilization requires a unique
technical skill set for ideal placement, an alternative
method of birth control until the device becomes effective
through tubal occlusion and reliance on the woman to
present for a follow-up hysterosalpingography (HSG)
to confirm proper placement and tubal occlusion at
3–6 months after the procedure12.

The failure rates with hysteroscopic sterilization are
often given after ideal placement and follow-up. The
rates may be higher with less experienced surgeons, an
absence of backup birth control and the loss of women to
follow-up13–26.

Copyright © 2017 ISUOG. Published by John Wiley & Sons Ltd. ORIGINAL PAPER
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Different diagnostic imaging techniques and protocols
have been proposed for the confirmation of device
positioning and tubal occlusion. HSG performed 3 months
after Essure insertion is recommended by the FDA to
confirm correct device position and tubal occlusion27–29.
Recently, ultrasound-based techniques have proven to be
equally effective options in Essure position evaluation
as compared with radiographic techniques and in July
2015 two-dimensional (2D) transvaginal sonography
(TVS) was approved by the FDA as an alternative
confirmation test to HSG in appropriate patients30–36. 2D
hysterosalpingo-contrast sonography (2D-HyCoSy) with
ultrasound-dedicated contrasted media has been found to
be comparable, in terms of diagnostic accuracy, to HSG
and laparoscopy for tubal patency evaluation37–41 and,
more recently, as a follow-up modality after placement of
Essure microinserts42–46.

Recently, Emanuel et al.47 described the first
trial of 2D-HyCoSy with a new on-label dedicated
contrast-enhanced gel foam (ExEm® gel, IQ Medi-
cal Ventures B.V. Delft, The Netherlands) defining 2D
hysterosalpingo-foam sonography (HyFoSy) as a first-step
routine office procedure for tubal patency testing47–49.

The aim of this study was to evaluate the feasibility
and accuracy of three-dimensional HyFoSy (3D-HyFoSy)
using the new dedicated contrast-enhanced gel foam to
assess device position and consequent tubal occlusion in
patients who had undergone Essure hysteroscopic tubal
sterilization.

METHODS

This multicenter study was conducted prospectively in
four Italian centers from June 2012 to July 2014
(Department of Gynecology of University Federico II of
Naples, Palagi Freestanding Unit of Florence, Department
of Gynecology of University of Rome Tor Vergata
and Department of Gynecology of University of Siena
(Canadian Task Force II)). The study protocol was
approved by the local Institutional Review Board of the
Florence center.

Fifty patients who underwent Essure sterilization
were enrolled into the study. The purpose of the
study was explained in detail to all patients and
written signed consent was obtained. Forty-five patients
desired permanent contraception and five patients
were candidates for in-vitro fertilization (IVF) and
presented with unilateral (n = 3) or bilateral (n = 2)
hydrosalpinx. Of these five patients, four presented with
a contraindication to laparoscopic surgery, while one
patient declined laparoscopic salpingectomy.

Interventions

Tubal sterilization

Hysteroscopic Essure microinsert placement was carried
out at the Department of Gynecology of University Fed-
erico II of Naples (A.D.S.S.) and Palagi Freestanding

Unit of Florence (M.F.), in accordance with the recom-
mended protocol. Neither general nor local anesthesia
was required for the procedure. The two operators had
similar training and experience with hysteroscopic tubal
sterilization by Essure, each having performed over 100
procedures.

The Essure microinsert (ESS 305 Essure microinsert,
Conceptus Inc., Mountain View, CA, USA), an expanding
spring device made of a nickel–titanium outer coil and
a flexible stainless steel inner coil with polyethylene
terephthalate (PET) fibers, was placed in the proximal
section of the Fallopian tube under direct hysteroscopic
visualization. The PET fibers cause a localized chronic
inflammatory and fibrotic response, thereby achieving
mechanical occlusion of the tube over a 3-month period.

The hysteroscopy was performed using a vaginoscopic
approach, with a continuous flow oval profile hystero-
scope, a 30◦ fore-oblique telescope and a 5-Fr operating
channel (Office Continuous Flow Operative Hysteroscopy
size 4 or size 5, Karl Storz, Tuttlingen, Germany).

The Essure microinsert placement was conducted
during days 5–12 of the menstrual cycle in order to
enhance visualization of Fallopian tubal ostia and to
decrease the potential for placement in a patient with
an undiagnosed pregnancy. Microinserts were placed
according to the manufacturer’s recommendations, with
three to eight expanded outer coils left visible within the
uterine cavity, which is considered the ideal position for
the device.

Before and after hysteroscopy, patients were informed
of possible complications and were advised to use an
alternative form of contraception for the first 3 months
after the microinsert placement procedure.

3D-HyFoSy and HSG

Transvaginal 3D-HyFoSy (index test) as well as HSG (ref-
erence test) were performed approximately 12–14 weeks
after Essure insertion. TVS was performed in different
centers in which operators (C.E., B.Z. and L.L.) with
similar skill levels performed the scans using identical
types of machine (GE Voluson E6 ultrasound system, GE
Healthcare Ultrasound, Milwaukee, WI, USA, equipped
with RIC 5-9-D and 3–10-MHz 3D endovaginal probes)
and implemented the same methodology and protocol.

3D-HyFoSy consisted of two phases:

• Phase 1: a standard 2D evaluation was first performed
to evaluate the uterus and visualize the devices. Then,
uterine volume acquisition was achieved by 3D-TVS
and the device position identified on coronal section
and defined according to the classification of Legendre
et al.34 (Figure 1). We classified four types of Essure
position (A, B, C, D) analogous to those seen on HSG
imaging (Table 1).

The coronal section was reconstructed in such a manner
as to have both devices at least at a 45◦ angle with
the insonation beam for optimal rendering on 3D-TVS.

Copyright © 2017 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2018; 51: 134–141.
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Figure 1 Position of Essure device on three-dimensional transvaginal sonography according to classification by Legendre et al.34: (a) perfect
position (1 + 2 + 3), (b) proximal position (1 + 2), (c) distal position (2 + 3) and (d) very distal position (3 only).

Table 1 Evaluation of Essure microinsert position on hysterosalpingography (HSG) and three-dimensional transvaginal sonography
(3D-TVS)

HSG (modified from Shah et al.28) 3D-TVS (from Legendre et al.34)

Position A Distal end of inner coil being within tube with less than half
length of inner coil trailing into uterine cavity

Perfect position (1 + 2 + 3) with intrauterine portion,
cornual portion and isthmic portion

Position B More than half length of inner coil trailing into uterine
cavity

Proximal position (1 + 2) with intrauterine and cornual
portions

Position C Proximal end of inner coil up to 30 mm into tube from cornua Distal position (2 + 3) with no intracavitary portion
Position D Proximal end of microinsert in tube more than 30 mm from

cornua
Very distal position (3 only) located in or beyond isthmic

portion of Fallopian tube
Position E Presence of microinsert within peritoneal cavity

The microinserts were seen easily as a hyperechogenic
structure. The OmniView method is often used to assess
the intramural tubal portion of both devices on the same
coronal plane. Volume contrast imaging was added to
facilitate visualization of the microinserts, with section
thickness from 2 to 6 mm, adapted to the contour of the
uterine cavity and Essure device orientations (Figure 2).

• Phase 2: a HyCoSy with 3D technique and ExEm® gel
foam as ultrasound contrast agent (3D-HyFoSy) was
carried out.

After inserting a speculum into the patient’s vagina, a
5-Fr salpingographic balloon catheter was placed into the
uterine cavity and filled with 1–2 mL air. The syringe
was equipped for 2 mL air, but if the procedure was
painful for the patient, only 1 mL air was used. This step
ensures that the cervical canal is closed, thus preventing
leakage of fluid and keeping the catheter in the correct
position.

The gel foam was prepared by mixing 3 mL ExEm gel
with 7 mL purified water and 5 mL air. We decided to

Right Left

Figure 2 Three-dimensional coronal section of uterus showing
Essure device in both tubes. Perfect Position A (1 + 2 + 3) is noted
in right tube, with device’s coils in intrauterine, cornual and isthmic
portions of salpinx. Distal Position C (2 + 3) can be seen in left
tube, with device within isthmic portion of Fallopian tube.

dilute the mixed gel used in the initial publications47–49

as it was too viscous to pass through the 5-Fr catheter
used in the index study.
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Right Left

Figure 3 Three-dimensional hysterosalpingo-foam sonography
showing one patent tube (left) with Essure device in Position C. Gel
foam filling of left tube beyond Essure device and spillage into
peritoneal cavity is shown; no gel foam beyond outer Essure device
into right tube was detected.

Our procedure always started with the 3D technique
in codec contrast imaging (CCI) mode during the first gel
foam injection. As soon as the CCI mode was initiated, the
pelvis was visualized as completely anechoic. Using CCI
technology during 3D-HyCoSy, the intrauterine injection
of gel foam into a completely anechoic pelvis is visualized
as hyperechoic fluid, seen in the uterus and in the tubes41.

3D volume acquisition was switched on during the ini-
tial injections, as soon as the foam was seen flowing into
both uterine horns, in order to avoid bubbles spilling into
the peritoneal cavity, which may disturb volume recon-
struction. The region of interest was set as wide as possible
in such a way that the uterus and both tubes could be seen.

For each patient, 3D volume acquisition during gel
foam injection was performed twice consecutively. The
multiplanar view of the uterus and tubes with Essure
devices, obtained during injection of the contrast medium,
was converted automatically by dedicated software into
the volume image. This resulted in a coronal view of the
uterine cavity, with both devices situated laterally and the
contrast medium spilling into the abdominal cavity if one
or both tubes were patent (Figure 3).

3D-HyFoSy was followed by conventional real-time
2D-HyFoSy to confirm the feasibility and accuracy of
3D-HyFoSy. 2D-HyFoSy was performed by injection of
not more than the same amount of gel used for the 3D
volume acquisition to detect movements of microbubbles
and gel foam into the tubes and around the ovaries. Using
CCI technology during 2D-HyCoSy, the intrauterine
injection of gel foam visualized the hyperechoic fluid
in the uterus, then in each tube proximally and, finally, as
it spilled into the abdominal cavity if the tube was patent
distally41 (Videoclip S1). The absence of movement of
microbubbles and gel into the tubes, around the ovaries or
in the pouch of Douglas defined tubal occlusion (Table 2).

The criteria used to determine if the pressure was
sufficient were the same as those for HSG to test the

Table 2 Criteria for evaluation of tubal occlusion on hystero-
salpingography and three-dimensional hysterosalpingo-foam
sonography after hysteroscopic Essure microinsert placement
(modified from Shah et al.28)

Tubal occlusion (Grade 1) Complete non-filling of tubes
Tubal occlusion (Grade 2) Filling of tubes but not beyond

distalmost aspect of outer Essure
margin

Tubal patency (Grade 3) Contrast beyond outer Essure margin
with or without spill into peritoneal
cavity

Essure device. The required pressure was that which filled
the uterine cavity and both cornual areas to document
that both devices were in the proper position. At that
point, no further pressure was needed and if there was no
fluid past the properly located devices, the procedure
was considered complete (i.e. blocked tube). If there
were doubts regarding a tubal spasm causing proximal
occlusion of the tube, the operator waited a few seconds
and then injected additional small aliquots of gel foam,
deflating and reinflating the catheter balloon.

Images were stored as 2D still images, 2D clips
and 3D volumes. In case of disagreement on tubal
patency between real-time 2D-HyFoSy and 3D-HyFoSy,
the results obtained by 2D evaluation were considered for
statistical analysis.

All patients underwent HSG by standard technique to
confirm the success of sterilization with Essure devices. In
all cases, HSG was performed with the same 5-Fr balloon
catheter used for 3D-HyFoSy that was first positioned
above the internal os and then inflated with the same
1–2 mL air to prevent contrast leakage. Between 5 and
10 mL iodine contrast medium were then instilled through
the catheter6.

The location of the devices was classified in five
categories (Table 1). Tubal occlusion was evaluated using
the grading score shown in Table 2.

HSG was performed within 2 weeks of sonographic
evaluation. The two radiologists, one in Naples and one
in Florence, who conducted HSG, with experience of
at least 5 years and more than 200 Essure procedures
evaluated, were blinded to the results of HyFoSy. The
criteria for comparison between radiological findings and
3D-TVS Essure position are listed in Tables 1 and 2.

Pain evaluation

Patients were asked to rate their degree of discomfort
immediately (i.e. referring to that experienced during the
overall procedure) and 5–10 min after the termination
of the HyFoSy and HSG. The discomfort was verbally
scored using a numeric pain rating scale (NRS), with
0 corresponding to ‘no pain’ and 10 corresponding
to ‘maximum pain experienced’ (Figure 4). A second
operator, different from that who performed the
HyFoSy or HSG, quizzed the patient and collected
data. The need for analgesic drugs after the procedure

Copyright © 2017 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2018; 51: 134–141.
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Figure 4 Eleven-point numerical rating scale (0–10) used to
evaluate pain intensity.

or symptoms of vagal reaction (nausea, bradycardia,
sweating and/or hypotension) during the procedure were
also recorded.

Statistical analysis

The primary outcome was the concordance between
HyFoSy and HSG in terms of the diagnosis of tubal
patency. Considering HSG as the reference test, a sample
size of 32 patients was necessary to estimate a rate of
concordance between the two procedures of 95%, using a
precision of 7.5% and 95% confidence intervals.
Hypothesizing a 30% dropout rate, we enrolled 50
patients. Secondary outcomes were to correlate Essure
device position evaluated by 3D-TVS and the number of
non-occluded tubes. Furthermore, pain, determined by
NRS score, during HyFoSy and HSG procedures was
evaluated.

Statistical analysis was performed using the Statistical
Package for Social Sciences, version 17.0 (SPSS, Chicago,
IL, USA). Data distribution for continuous variables was
assessed with the Shapiro–Wilk test. Student’s t-test for
paired samples was used to compare parametric variables
between and within groups. The Mann–Whitney and
Wilcoxon tests were used to analyze differences in
non-parametric variables between and within groups,
respectively. Statistical significance was set at a P-value
of 0.05.

RESULTS

Table 3 summarizes the main characteristics of the
included patients. Of the 50 patients recruited, one
had a unicornuate uterus, one presented with a single
patent tube and three patients were postsalpingectomy
for ectopic pregnancy; thus, a total of 95 devices were
inserted.

Hysteroscopic insertion of the devices was successful in
all cases, with a mean of 5 ± 0.5 expanded outer coils of
the Essure microinsert within the uterine cavity.

Forty-eight patients (96%) adhered to the complete
follow-up protocol with 3D-HyFoSy and HSG, whereas
two patients declined HSG and underwent 3D-HyFoSy
only (Figure 5).

The positions of the 95 devices identified by 3D-TVS
are reported in Table 4. On HSG, the positioning of the
devices was in accordance with 3D-TVS findings with a
100% concordance rate.

During 3D-HyFoSy, 89 of 95 tubes (93.7%) were
described as occluded, whereas six of 95 tubes (6.3%)
were visualized as patent. The concordance rate between
2D-HyFoSy and 3D-HyFoSy was 100%. Tubal spasms
were not observed. In fact, all patent tubes were
observed to be so at the first gel foam injection and
the occluded tubes continued not to be patent after repeat
injections.

In the six cases with patent tubes, one device (16.7%)
was in Position B, one device (16.7%) was in Position D
and four devices (66.7%) were found to lie in Position
C. No correlation between the position of Essure devices
and tubal patency could be identified (Table 4).

Of the 93 tubes evaluated by both 3D-HyFoSy and
HSG, the concordance rate between the two tests was
100%. Two patients with tubal patency on 3D-HyFoSy
who did not have HSG chose to have repeat ultrasound
examination after 1 month and were found to have
bilateral tubal occlusion. These were the cases of patients
with hydrosalpinx and eligible for IVF; tubal dilatation
was assumed to be the reason for the delay in tubal
occlusion.

The pain score on NRS was significantly lower
(P < 0.01) during 3D-HyFoSy (mean score 1.6 ± 2.5)
than during HSG (4.01 ± 2.95). Immediately after both
procedures, a comparable result (0.4 ± 1.32 HyFoSy vs
0.8 ± 1.45 HSG) was observed (P < 0.04). No patient
required analgesic drugs or had vagal reactions during
HyFoSy. Furthermore, no allergic reactions to the contrast
media used during 3D-HyFoSy and HSG were observed.

DISCUSSION

Recent published data have highlighted patient safety
concerns with the Essure device (increased risk of
chronic pelvic pain, heavy menstrual bleeding, allergic
reaction and weight gain) and prompted a postmarket
review by the FDA50,51. For these reasons, the recent
Advisory Statement of the American Association of
Gynecological Laparoscopists has highlighted the need,

Table 3 Population characteristics of 50 patients who underwent hysteroscopic Essure microinsert placement

Characteristic All patients
Women desiring permanent

contraception (n = 45)
Infertile women with
hydrosalpinx (n = 5)

Age (years) 39.68 ± 5.04 (24–50) 39.75 ± 5.01 (24–50) 38.4 ± 5.63 (31–45)
Body mass index (kg/m2) 24.06 ± 3.04 (17.7–35.2) 24.2 ± 3.04 (17.7–35.2) 22.52 ± 2.68 (19.5–26.7)
Gravidity 3 (0–6) 3 (0–6) 1 (0–3)
Parity 1 (0–3) 1 (0–3) 0

Data are presented as mean ± SD (range) or mean (range).
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Insertion of Essure device
(n = 50 patients, 95 tubes)

Underwent 3D-HyFoSy
and HSG (n = 45, 88 tubes):
 Two tubes (n = 43)
 One tube (n = 2)

Patients desiring permanent
contraception (n = 45, 88 tubes):
 Two tubes (n = 43)
 One tube (n = 2)

Patients with sactosalpinx, eligible
for IVF (n = 5, 7 tubes):
 Two tubes (n = 2)
 One tube (n = 3)

Patent: 4 tubes
Occluded: 89 tubes

Essure device position:
 Position A (n = 10)
 Position B (n = 2)
 Position C (n = 59)
 Position D (n = 24)

Underwent 3D-HyFoSy
and HSG (n = 3, 5 tubes):
 Two tubes (n = 2)
 One tube (n = 1)

Underwent 3D-HyFoSy only
(n = 2, 2 tubes):
 One tube (n = 2)

Patent: 2 tubes*
Occluded: 0 tubes

Figure 5 Flowchart of diagnostic procedures in 50 patients who underwent hysteroscopic Essure microinsert placement and in whom
position of device was assessed using three-dimensional (3D) transvaginal ultrasound and tubal occlusion was assessed using 3D hystero-
salpingo-foam sonography (3D-HyFoSy). *Follow-up 3D-HyFoSy examination after 1 month showed both tubes to be occluded. HSG,
hysterosalpingography; IVF, in-vitro fertilization.

Table 4 Tubal occlusion, evaluated by three-dimensional hysterosalpingo-foam sonography, and position of Essure device, evaluated on
three-dimensional transvaginal sonography, in 50 patients (with 95 Fallopian tubes) who underwent hysteroscopic Essure microinsert
placement

Position A Position B Position C Position D

Position of Essure 10/95 (10.5) 2/95 (2.1) 59/95 (62.1) 24/95 (25.3)
Occluded tube 10 (100) 1 (50) 55 (93.2) 23 (95.8)
Patent tube — 1 (50) 4 (6.8) 1 (4.2)

Data are given as n (%).

after hysteroscopic sterilization, to monitor women
closely and to evaluate them for possible complications
related to the procedure. In light of this, an appropriate
follow-up to evaluate the correct position of the
microinsert, as well as to establish tubal occlusion, takes
on even more importance.

As the primary follow-up investigation, HSG was rec-
ommended. HSG evaluates two crucial components that
are mandatory to confirm the success of an Essure pro-
cedure: the position of the microinserts and successful
tubal occlusion. In an attempt to overcome the disad-
vantages of HSG25,28,29,49, alternative minimal invasive
procedures have been studied and proposed for Essure
follow-up. Our study is the first reported in the literature
to evaluate transvaginal 3D-HyFoSy for ascertaining tubal

occlusion in patients undergoing hysteroscopic tubal ster-
ilization with Essure microinserts.

Analyzing the Essure intratubal position with 3D-TVS,
we assessed four positions on coronal section that were
compared with those on HSG. Our data showed excellent
concordance (100%) of 3D-TVS with HSG. Legendre
et al.34,35 have also shown high sensitivity (100%) of
the evaluation of the Essure position on coronal section
obtained by 3D-TVS compared with HSG. The 3D
imaging procedure is able to overcome some of the
limitations of 2D imaging; the correct placement of
the microinserts on a 3D volume allows assessment of
the soft tissue surrounding the device (i.e. intrauterine,
intramural and the proximal isthmic tubal portion);
preserving the 3D volume data is also useful, should a

Copyright © 2017 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2018; 51: 134–141.
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later assessment be needed34–36,52–54. This suggests that
radiologic evaluation could be replaced by 3D-TVS in the
follow-up of Essure patients.

Ultrasound as a 3-month confirmatory test received
a CE Mark in Europe in 2011 and FDA approval in
the USA in July 2015; however, this imaging modality
makes no definitive assessment of tubal occlusion; such a
condition can be confirmed or excluded only by a dynamic
examination such as HSG.

Whether or not Essure is in the correct position in
the Fallopian tubes, successful occlusion needs to be
confirmed and currently HSG is carried out to check for
proximal occlusion. This study identified tubal blockage
in 94% of the analyzed tubes and patency in six tubes
using 3D-HyFoSy with total concordance with HSG.
However, no transtubal foam-flow does not represent
perfectly reliable ‘proof’ of tubal occlusion, despite several
injections carried out to avoid false results due to tubal
spasm.

Two of our patent tubes with the Essure device in
Positions A and C were detected 3 months after the
hysteroscopic procedure in patients with hydrosalpinx.
Performing 3D-HyFoSy after 5 months we observed
bilateral tubal occlusion in both patients, suggesting that
in hydrosalpinx, endoluminal fibrosis of the tubes is likely
to lead to tubal occlusion over a longer period of time.
This concept is especially important in infertile patients in
whom Essure has been inserted for hydrosalpinx prior to
assisted reproductive technologies55–58.

Although laparoscopic salpingectomy remains the
recommended treatment for hydrosalpinx in patients
undergoing assisted reproductive technologies, Essure
positioning could still be considered an option in women
who are laparoscopically inaccessible. However, recent
literature has raised some concerns showing that Essure
insertion pre-IVF is associated with lower pregnancy
rates59 and a higher miscarriage rate60 than laparoscopic
salpingectomy.

Contrary to other publications34,35, in our study
we demonstrated that there is not a total correlation
between intratubal Essure device position and tubal
occlusion. This adds more value to our technique as
3D-HyFoSy is useful to exclude unpredictable tubal
patency even when the Essure device has been placed
at a proper site. Furthermore, 3D-HyFoSy seems easier
and less observer-dependent than 2D-HyFoSy, as no
movements of the probe to visualize the entire tubal
course during the 3D volume acquisitions are required;
during 2D-HyFoSy, only one tube at a time can be
examined because the Fallopian tubal course is not linear
and lies on different planes46.

As found in this study, CCI software optimizes the use
of ultrasound contrast medium and enhances visualization
of the Fallopian tubes by allowing the operator to
distinguish between the harmonic response of the contrast
medium’s microbubbles and the hyperechoic signals from
pelvic organs, especially from intestinal meteorism.

HyFoSy was confirmed as a less painful test than HSG.
This is in line with the results of a previous study, in

which pain experience was compared during HyFoSy and
HSG in 40 subfertile women49.

A limitation of this study was the number of
women studied and analyzed: it was small, resulting
in wide confidence intervals, which therefore limit
the generalizability of the results. Another important
limitation was the lack of perforated or expelled devices,
preventing us from comparing HSG and HyFoSy in the
assessment of perforation and expulsion of Essure. A
third limitation was the lack of laparoscopic control to
definitively exclude tubal perforation.

In conclusion, our study clearly shows a high correlation
between HSG and 3D-HyFoSy in the evaluation of
tubal occlusion following Fallopian-tube sterilization by
hysteroscopic insertion of an Essure device. As such,
it may be a safe, feasible and accurate alternative to
HSG as a first-line Essure confirmation test. Furthermore,
it can be conducted in the same gynecological unit in
which hysteroscopic sterilization is performed, allowing
clinicians to formulate an immediate conclusion.

The combination of 3D ultrasound technology with
CCI permits better evaluation of the signals derived from
the gel foam and easier visualization of the entire tubal
course in case of tubal patency.

In a one-step examination, 3D-HyFoSy permits an accu-
rate follow-up of patients, avoiding several appointments
and procedures. Further larger studies are needed to con-
firm the accuracy and the better patient compliance of
3D-HyFoSy in detecting tubal status after Essure insertion.
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SUPPORTING INFORMATION ON THE INTERNET

The following supporting information may be found in the online version of this article:

Videoclip S1 Hyperechoic gel foam seen in uterus, then in left tube and around ovary, using CCI technology
during 2D-HyFoSy. Note hyperechoic contrast on CCI after injection, confirming patency of left tube.
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