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Sequential-contingent strategy for fallopian tube evaluation using
hysterosalpingo foam sonography: a cost analysis
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Background: Tubal pathology is the etiological factor in 20% of couples with female infertility.
Historically, diagnostic evaluation of the fallopian tubes has been performed by means of
hysterosalpingography (HSG). Hysterosonosalpingography with EXEM® foam is a recent technique with
supposedly comparable effectiveness to HSG, but with better tolerability for patients.

Methods: Tubal patency was assessed in patients who were candidates for intrauterine insemination
(IUT) between January 2020 and July 2021. (I) Hysterosonosalpingography with EXEM® foam. (IT) If the
patient had both tubes patent, IUI was proposed. In case of inconclusive or pathological results, HSG was
performed. (IIT) If the HSG concludes tubal patency, IUT is proposed. On the other hand, if it results in tubal
obstruction, in vitro fertilization (IVF) is proposed.

Results: Assessment of tubal patency by HSG showed concordance with previous
Hysterosonosalpingography with EXEM® foam results in 45.5% (n=15) of cases of unilateral obstruction and
66.7% (n=6) of cases of bilateral obstruction. When we compare the total cost of HSG (€54,899.46) with the
sum of patients who only required Hysterosonosalpingography with EXEM® foam together with those who
underwent both tests (€45,575.96), it shows that the latter represents a cost benefit strategy (cost difference
€9,323.50).

Conclusions: Our results suggest a benefit of €9,323.50 when performing the contingent sequential
strategy, in case of pathological or inconclusive results, compared to performing a systematic HSG in all
patients. Patients with an obstructive hysterosalpingogram with EXEM® and a patent hysterosalpingogram
will be the subgroup that will benefit the most, as IUI can be proposed instead of IVFE. In addition, there is a
benefit in terms of optimizing the medical procedure, hospital visits and speeding up the time to start assisted

reproductive technology (ART).
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Introduction

Tubal patency is an important infertility cause with an
incidence of 0.4 per 1,000 women in Europe (1). The
main etiologies include pelvic inflammatory disease (PID),
endometriosis and/or adhesive conditions resulting from
previous surgery (2). The anatomical and functional
evaluation of the Fallopian tubes is a fundamental procedure
prior to performing homologous intrauterine insemination
(H-IUI) or donor intrauterine insemination (D-IUI).
Traditionally, the ‘gold standard’ technique for tubal
evaluation has been laparoscopy with chromoperturbation,
but due to its invasive and costly nature, it has been replaced
by hysterosalpingography (HSG) for decades. However,
HSG involves irradiation on the female pelvis, exposure
to iodinated contrasts and involves a moderately painful
procedure (3).

Over the years new techniques have been developed
to avoid the drawbacks of HSG. In 2007, Emanuel
et al. developed a new non-embryotoxic contrast
medium (EXEM®) for performing hysterosalpingo-
contrast sonography (HyCoSy) (4). This variant, called
hysterosalpingo-foam sonography (HyFoSy), could
improve diagnostic yield and efficacy compared with other
ultrasonographic methods for tubal evaluation (5).

HyFoSy does not require referring patients to another
center for tubal evaluation, as it can usually be performed in
the fertility center itself, reducing waiting times to initiate
assisted reproductive technology (ART) (4). In contrast,
HSG is performed in hospitals or in free-standing radiology
clinics due to the use of radiological equipment. Moreover,
it is a more economical technique than HyCoSy, which can
be performed by a single operator as a first tubal patency
test (6). In addition, HyFoSy and HSG have similar results
in assessing tubal pathology in most infertile couples and, in
the cases where they differ, it does not lead to a substantial
difference in pregnancy outcome (6,7), while HyFoSy is
significantly better tolerated by the patients (2,7-12).

All available methods for evaluation of tubal factors have
technical limitations that must be considered in case that the
technique yields abnormal results. Further evaluation with
a second, complementary method is suggested whenever
specific diagnosis or best treatment strategy is uncertain (12).

Several published studies have justified the use of HyFoSy
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instead of HSG to be indicated as a first-choice diagnostic
tool, however, HSG is still the most recommended
procedure (13). No cost analysis study has been previously
published comparing both techniques, although the results
related to the costs of a prospective and randomized
multicenter study are pending of publication (14).
Therefore, the aim of this study is to demonstrate that the
implementation of a sequential-contingent strategy in tubal
evaluation is beneficial in economic terms compared to the
performance of systematic HSG prior to the application
of ART.

Methods
Patients

This retrospective study was approved by the Institutional
Ethics Committee of Virgen de Valme University Hospital
(Seville, Spain) (No. 2749-N-21) and individual consent
for this retrospective analysis was waived. The study
was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). HyFoSy as a first-choice
diagnostic tool for tubal patency assessment was established
in our center. In case the results are inconclusive or
pathological (unilateral or bilateral occlusion), HSG is
performed sequentially to confirm the data. If the HSG
conclude bilateral tubal patency, IUI is proposed. In vitro
fertilization (IVF) was proposed to those patients with
tubal obstruction. Patients’ candidates for IUI attending
to our unit to be diagnosed of tubal patency between
January 2020 and July 2021 were included in the analysis
(Figure 1). The inclusion criteria to be candidates for
IUI following our Institution’s protocols are: women
aged 18-40 years, primary infertility time of less than
1 year, body mass index (BMI) <30 kg/m’, anti-Mullerian
hormone (AMH) >1 ng/mL, semen analysis with Motile
sperm recovery (MSR) >5 million/mL and morphology
>4%, absence of previous diagnostic test confirming tubal
pathology, absence of PID, no history of pelvic surgery and
no signs of endometriosis or adnexal pathology.

Given the nature of the study, we are working with
information that we already have available, so we proceed
to calculate the statistical power. Considering the selection
criteria described and the study period indicated, it is
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33 patients with unilateral
occlusion (13.8%)
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inconclusive results (1.3%)
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Y

33 patients
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(45.5%)
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(54.5%)
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¢ 1 patients with
unilateral occlusion
(11.1%)

® 2 patients with bilateral
patency (22.2%)

patency (100.0%)

Figure 1 Flowchart of eligible treatment. HyFoSy, hysterosalpingo-foam sonography; HSG, hysterosalpingography.

estimated that we will have a total of 238 patients who have
gone to the clinics of the Assisted Human Reproduction
Unit of the Hospital Universitario Ntra Sra. de Valme to
undergo an assisted human reproduction procedure.

Given this number of patients and with the aim of
observing a difference of 5.0% in the economic study, the
statistical power calculated for the subsequent analyses is
100.0%.

HSG/HyFoSy procedure

The HyFoSy procedure was performed by the same
trained clinics (with more than 3 years of experience in
the use of HyFoSy) and always under the same conditions.
All ultrasound (US) were performed using a Toshiba-
Xario (model TUS-X200) with a volumetric 4-9 MHz
endovaginal probe (Model PVU-781VT) (13). Gynetics®
catheter (#4220 Intrauterine insemination cannula,
Gynétics Medical Products N.V., Lommel, Belgium)
was used to reach and cannulate the uterine cervix. The
methodology of the procedure was already explained by
the authors previously (4). HSG technique was performed
in the Radiology Department (X-ray) of the institution.
Approximately 10 cm’ of soluble iodinated contrast medium
(Iomeron® 300 mg, Bracco Imaging s.p.a., Milan, Italy) was
infused in the uterine cavity and fallopian tubes through
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the use of a balloon catheter (Teleflex Medical Rusch® Gold
Silicone Coated Latex Foley Catheters, size 7F, Telefelx
Medical, Westmeanth, Ireland). The contrast medium was
visible on X-ray. During instillation of the contrast medium
into the uterine cavity, a series radiographs were evaluated
by a radiologist, to establish the patency of the Fallopian
tubes.

Economic evaluation

"To carry out the economic evaluation, an individual analysis
of the resources used in each procedure was performed.
The Spanish healthcare model is based on 17 autonomous
communities and each one has a different price for HSG.
For this reason, in order to be more accurate and to be able
to extrapolate the results to the centers in Spain, we have
calculated the price of HSG by averaging the costs (Table ).
The cost of HyFoSy was reported by the supplier. The
costs for each treatment arm were calculated by adding
the resources used, making a decision-making diagram to
calculate the total cost of each procedure (7able 2).

Statistical analysis

A descriptive analysis was performed showing the main
characteristics of the study population. Continuous
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Table 1 Prices of hysterosalpingography by autonomous communities
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Autonomous communities Price (€) Source

Cataluia 129.00 Official Gazette of the Generalitat de Catalunya num. 8153—Jun 12, 2020
Canarias 144.51  Official Gazette of the Canary Islands num. 67 —Apr 05, 2017

Comunidad Valenciana 185.48  Official Gazette of the Generalitat Valenciana num. 8202 —Dec 30, 2017
Extremadura 215.12  Official Gazette of Extremadura num. 35—Feb 19, 2018

Islas Baleares 171.00 Official Gazette of the Balearic Islands No. 213 —Dec 24, 2020

Pais Vasco 136.00 Official Gazette of the Basque Country No. 18 —Dec 18, 2020

Mutualidad General funcionarios Civiles del 112.00  Official Gazette of the Basque Country No. 18 —Dec 18, 2020

Estado (MUFACE)

Average 156.15

Table 2 Breakdown of prices for each procedure (fiscal year 2022)

Procedure Price (€) Source
HSG Spanish National Health Service
Water-soluble iodinated contrast 10 cm?; foley catheter; radiography series ~ 156.15*
[3-4]; radiology report
First consultation hospital care 51.77
Successive consultations/revision hospital care 22.75
Total cost 230.67
HyFoSy Dibimed-Biomedical Supply, Valencia (Spain)
EXEm® Foam Kit: 1x 10 mL syringe pre-filled with 5 mL of EXEm® Gel; 78.65
1x 10 mL syringe pre-filled with 5 mL EXEm® Water; 1x coupling device
Intrauterine insemination cannula—IUl Memo Gynétics 4.50
First consultation hospital care 51.77
Successive consultations/revision hospital care 22.75
Total cost 157.67

*

, average price calculated in different autonomous commun
sonography.

values are summarized according to mean, maximum and
minimum and standard deviation. For categorical data, a
diagram is presented. For the economic analysis, the direct
costs derived from the medical interventions were used and
the overall cost of each strategy performed was calculated.
For HSG, an average price was calculated with the cost of
the test in different autonomous communities (the Spanish
regions’s administrative division), while for HyFoSy, a sum
of the cost of the resources used was calculated (Tuble I).
On the other hand, both techniques were compared using
the Wilcoxon test for paired samples in order to see the
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ities. HSG, hysterosalpingography; HyFoSy, hysterosalpingo-foam

concordance between the tests if both were performed. The
Statistical Package for Social Sciences version 22 was used
for data analysis.

Results

The main characteristics of the 238 included women are
summarized in Tible 3.

We compared the cost of HSG if it was supposed
performed systematically on the entire sample (n=238;
€54,899.46) with the sum of patients who only required
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Table 3 Patient characteristics
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Variables

Patients with patent HyFoSy result (n=193)

Patients with non-patent HyFoSy result (n=45)

Age (years)

Body mass index (kg/m?)

HyFoSy duration (min)

Time between HyFoSy and ART (months)

32.09+3.61 (23.00-39.00)

25.30+4.32 (16.85-40.77)
6.52+4.06 (1.00-20.00)
1.60+1.37 (0.00-6.00)

30.82:3.63 (20.00-39.00)

24.50+4.20 (17.95-33.37)
7.18+3.84 (2.00-16.00)
0.87+1.36 (0.00-5.00)

Data are presented as mean + SD (range). HyFoSy, hysterosalpingo-foam sonography; ART, assisted reproductive technology; SD,

standard deviation.

Supposed

HSG

Y

performed >

€230.67 —>| 238 patients —>» € 54,899.46

systematically

Cost-benefit

analysis

Conclusive
results

HyFoSy Pathological/

€157.67 |—>»| 193 patients —> € 30,430.31 \

Inconclusive
results

/ € 45,575.96
€336.57 |[—>»| 45patients [—>» €15,553.35

(+ HSG)

Figure 2 Cost according to the strategy chosen. HSG, hysterosalpingography; HyFoSy, hysterosalpingo-foam sonography.

HyFoSy and the patients who required both tests (HyFoSy
+ HSG) (n=193 and n=45 respectively; €45,575.96), it
shows that the latter represents a cost benefit strategy (cost
difference €9,323.50) (Figure 2).

As we have previously developed above, only those
patients with pathological and inconclusive results after
HyFoSy, were subjected to HSG for confirmation. The
evaluation of tubal patency by HSG showed a concordance
with previous HyFoSy results in 45.5% (n=15) of cases
of unilateral obstruction and in 66.7% (n=6) of cases of
bilateral obstruction. On the other hand, total discordance
between the two techniques was seen. In 54.5% (n=18) of
cases, tubal patency was diagnosed by HSG while HyFoSy
indicated unilateral obstruction. In the case of bilateral
obstruction by HyFoSy, HSG diagnosed tubal patency in
22.2% (n=2) cases and unilateral obstruction in 11.1% (n=1)
(Figure I).

Interestingly, in 23 patients with an abnormal HyFoSy
result (18 patients with unilateral obstruction, 2 patients
with bilateral obstruction, and 3 with inconclusive results),
the HSG demonstrated bilateral tubal patency; this means
that IUI was finally indicated in 9.6% of the patients,
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who would have been ruled out for IUI taking exclusively
the HyFoSy into account (7zble 4). Our concordance
results show that 33.4% (n=15) of the cases of unilateral
obstruction by HSG was in agreement with previous results
by HyFoSy. In addition, there was agreement in 13.3% (n=6)
of cases of bilateral obstruction (P<0.001).

Finally, we analyzed the number of adverse events after
the HyFoSy procedure, and no infections were reported in
any patient. Four vasovagal reactions were reported (1.7%).

Discussion

To the best of our knowledge, this is the first study that
analyzes, in terms of economic cost, the implementation
of HyFoSy in clinical practice. Until now, the accuracy,
effectiveness and safety of HyFoSy as an alternative to
HSG for the study of tubal patency has already been
demonstrated.

Tubal factor is an important cause of infertility;
therefore, a correct and exhaustive evaluation of Fallopian
tubes will allow us to establish a correct diagnosis and select
the therapeutic strategy that provides the best results after
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Table 4 Concordance between HyFoSy and HSG

Patency during HSG

Patency during HyFoSy

Bilateral patency (n=23) Unilateral occlusion (n=16) Bilateral occlusion (n=6) Inconclusive results (n=0)

Bilateral patency N/A
Unilateral occlusion (n=33) 18 (40.0)
Bilateral occlusion (n=9) 2 (4.9
Inconclusive results (n=3) 3(6.7)

N/A N/A N/A

15 (33.4) 0(0.0) 0(0.0)
122 6 (13.3)" 0(0.0)
0(0.0) 0(0.0) 0(0.0)

Data are presented as number (percentage). Wilcoxon matched-pair signed-ranks test (P<0.001). *, results concordant between both
techniques. HyFoSy, hysterosalpingo-foam sonography; HSG, hysterosalpingography.

the application of ART. The subgroup that will benefit most
from this strategy are patients with an obstructive HyFoSy
and a patent HSG since we can propose IUI instead of IVE.
On the other hand, patients with an obstructive HyFoSy
and an obstructive HSG will only be able to perform IVE.

We have observed that the application of a sequential-
contingent strategy in the evaluation of the tubes in case
of pathological or inconclusive results in HyFoSy is more
profitable than the performance of systematic HSG. When
comparing the total cost of the HSG with the sum of the
patients who only required HyFoSy together with those
who underwent both tests, we can see significant economic
differences. These data demonstrate that the contingent
strategy represents a benefit, not only at the economic level
but also at the level of optimizing medical act, hospital visits
and speeding up the time to initiate ART.

Our findings are in consonance with previous
publications, such as the study by Piccioni et 4/. where
HyFoSy showed a high concordance (>94.4%) compared to
HyCoSy with saline solution (57.8%) when both techniques
were confronted with LC (9). These data have been
confirmed in the meta-analysis by Melcer et 4/. in which
6 studies were included (8).

Although no infections were described after HyFoSy
procedure, four vasovagal reactions were reported (1.7%).
This incidence is higher than in the prospective multicentre
study where only two vaso-vagal episodes and one mild
urinary tract infection were reported (2).

Due to the published evidence, some authors such as
Ramos et al. are already proposing to replace HSG with
HyFoSy (5). Although we agree that HyFoSy should be the
first-line diagnostic procedure to evaluate tubal patency, our
results show that a non-negligible percentage of patients
will benefit from confirming a suspicion of tubal pathology
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with a second diagnostic test, reducing economic resources.
This practice will be especially relevant in cases where there
is a BMI >25 kg/m’, since it alters echogenicity generating
images of poorer quality, deep endometriosis, patients with
previous pelvic surgery, patients with positive serology for
Chlamydia trachomatis, poorly-equipped US or gynecologists
without HyFoSy training (14).

As for the limitations of the study, due to its retrospective
nature, we do not have the indirect costs, so it was not
possible to include them in the analysis. On the other
hand, there is no definitive price for HSG since there is
a great disparity in costs between the different Spanish
regions. For this reason, the number we took as a reference
is an average of the prices. Furthermore, Engels et al.
recently concluded that couples with infertility duration
of less than 18 months and women younger than 35 years
with unexplained infertility were more likely to become
pregnant after HyFoSy. In their study, 26.5% of patients
became pregnant spontaneously during the 12 months after
HyFoSy (15). Lastly, we do not have the gestation rate in
patients with pathological HyFoSy and normal HSG, but
since the sample is very small, we have not considered it
representative. It would be interesting to investigate the
pregnancy rate in this subgroup of patients in studies with
larger sample sizes.

Conclusions

HyFoSy is a more economical technique and the tubal
patency results are in concordance with HSG. Our results
suggest that there is an economic benefit to implementing
the contingent sequential strategy, in case of pathological or
inconclusive results, compared to performing a systematic
HSG on all patients. Patients with an obstructive HyFoSy
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and a patent HSG will be the subgroup that will benefit the
most as IUI may be proposed instead of IVE.
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