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Hysterosalpingo-Foam Sonography
for the Diagnosis of Tubal Occlusion
A Systematic Review and Meta-analysis

Yaakov Melcer, MD , Nataly Zilberman Sharon, MD, Maya Nimrodi, MD, Marina Pekar-Zlotin, MD,
Itai Gat, MD, Ron Maymon, MD

This systematic review and meta-analysis evaluated the diagnostic accuracy of
hysterosalpingo-foam sonography in suspected cases of tubal occlusion. The
combined sensitivity and specificity estimates were 0.99 (95% confidence inter-
val [CI], 0.89–0.99) and 0.91 (95% CI, 0.53–0.98), respectively, with positive
and negative likelihood ratios of 11.5 (95% CI, 1.5–87.5) and 0.006 (95% CI,
0.0003–0.12), respectively. The diagnostic odds ratio was 1931.008 (95% CI,
69.7–53,460.8). These findings confirm hysterosalpingo-foam sonography as a
highly accurate test for the diagnosis of tubal occlusion and show that it is on a
par with standard tests.
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In an evaluation of female infertility, one of the prime steps is
the assessment of tubal patency.1 The reference standard is still
laparoscopy with chromopertubation.1,2 However, laparoscopy

is both expensive and invasive and can lead to intraoperative
complications.2 By contrast, hysterosalpingography (HSG) is
much less invasive and is considered an acceptable alternative
screening method for tubal patency.3,4 However, HSG exposes
women to ionizing radiation and contrast media, which in some
cases can provoke allergic reactions.4 The other main drawback is
the level of pain known to be caused by HSG.2,3

To overcome the issues connected to the HSG procedure, con-
temporary ultrasound-based methods to evaluate tubal patency and
the uterine cavity with contrast have attracted growing attention in
infertility examinations.3,4 Diagnosis of the uterine cavity via saline
infusion sonography is now broadly accepted in infertility
workups.5–7 Unfortunately, saline does not provide satisfactory con-
trast for tubal patency, since flow within the tube is hard to detect.8

This is why clinicians have turned to hysterosalpingo-contrast sonog-
raphy, which is noninvasive, safe, and cost-effective and can generate
a rapid, reliable diagnosis for tubal patency that is easy to use.9–14

Hysterosalpingo-foam sonography (HyFoSy) was first pres-
ented as an innovative approach to evaluating fallopian tube
patency in 2012. The procedure consists of passing hyperechoic
foam, which can be visualized as it moves from the uterine cavity
to the fallopian tubes into the peritoneal cavity.15 In terms of both
accuracy and effectiveness, HyFoSy has been reported to have
promising features.16,17
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Studies that have examined the diagnostic capa-
bilities of HyFoSy have generally only used small
samples and have reported widely varying degrees of
diagnostic accuracy. This poses the problem of the
sensitivity and specificity and, more generally, that of
reliability. The systematic meta-analysis presented
below is designed to provide an up-to-date overview
of the diagnostic accuracy of HyFoSy for tubal occlu-
sion as contrasted with laparoscopy or HSG.

Methods

Search Strategies
This study was a literature review, with no funding
received. The study adhered to the principles of
Preferred Reporting Items for Systematic Reviews
and Meta-analysis.18 The search covered PubMed,
Ovid MEDLINE, and Google Scholar databases for
studies published from 2012 to 2020. It included
medical subject headings for “hysterosalpingo-foam
sonography,” “HyFoSy,” “fallopian tube diseases,”
“tubal obstruction,” “tubal patency,” and “tubal
occlusion.”

Adopting guidelines in the literature,19–21 the sea-
rch strategy consisted of terms related to the index
test (HyFoSy) and the target condition (tubal occlu-
sion) and used no filters for diagnostic studies to
maximize the sensitivity of the search. This strategy
was applied and reviewed by 2 authors (N.Z.S. and Y.
M). Furthermore, the search included an examination
of reference lists and citations of related articles (pre-
vious reviews and studies) to identify additional eligi-
ble reports.

Inclusion and Exclusion Criteria
All studies dealing with the accuracy of HyFoSy for
diagnosing tubal occlusion were included with no
restrictions in terms of language. Studies whose
criteria extended to women who underwent HyFoSy
to confirm occlusion after tubal sterilization were also
included. Articles referring to hysterosalpingo-
contrast sonography and 4-dimensional sonography
were excluded from analysis. Other exclusion criteria
included articles without a detailed assessment of
method accuracy and effectiveness, comparison of
HyFoSy to other methods besides laparoscopy and
HSG, and case reports. The search was restricted to

studies in which laparoscopy or HSG was the refer-
ence standard. Two authors checked the titles and
abstracts independently (N.Z.S. and Y.M). Other
publications were taken from reference lists of reviews
and editorials and by a manual search of key journals
and websites based on predefined inclusion criteria.
Two authors (N.Z.S. and Y.M.) read each full text
independently for content, data extraction, and analy-
sis. The search results were then entered into a single
reference database.

Duplicates were removed by hand. To extract the
study characteristics and outcomes, a predesigned
protocol was applied that included the author institu-
tion, year of publication, country, dates, total number
of cases, study type, type of reference test, inclusion
and exclusion criteria, and completeness of verifica-
tion. The primary outcome was the diagnostic accu-
racy of HyFoSy for tubal occlusion in reference to
laparoscopy or HSG. In certain studies, a test was
considered positive if an occluded tube was detected,
whereas in others, the criterion was a patent tube.
Here, we defined a positive test as an occluded tube
to harmonize the data set.

Quality Assessment
The Newcastle-Ottawa Scale for cohort studies was
used to assess the qualities of the studies meeting the
inclusion criteria.22 The Newcastle-Ottawa Scale rates
each study on 3 criteria: choice of the sample for the
study, comparability of groups, and ascertainment of
the outcome. Items are rated “low,” “medium,” or
“high” for the risk of bias. At least 2 of the authors
scored each study independently; disagreements were
resolved through discussion. Of the 6 studies included
in the final review, 3 had a low risk of bias for sample
selection; 4 had a low risk of bias for the outcome
assessment; and all 6 had a low risk of bias for the
comparability of cohorts (Figure 1). Overall, the risk
of bias was low for all 6 studies.

Data Analysis
The guidelines in the Cochrane handbook for system-
atic reviews of diagnostic accuracy were followed.23 A
meta-analysis pooled the findings from the selected
studies to evaluate variations in outcomes using the
Metaprop program (StataCorp, College Station, TX).
A random-effects model and exact confidence intervals
(CIs) for proportions in pooling the results were used
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to adjust for variation across studies. Statistical hetero-
geneity was assessed with the I2 statistic, which repre-
sents the proportion of variation in study estimates
ascribed to heterogeneity rather than a sampling error.
We expressed the clinical effectiveness of the tests by
the diagnostic odds ratio. The diagnostic odds ratio is
calculated as the ratio of the odds of the test result
being positive if the patient has a disease relative to the
odds of the test result being positive if the patient does
not have the disease. The rate of each outcome was
estimated over all studies with these data.

We assumed that the outcomes were classified
without error. Each study was reconfigured into a
2 × 2 table corresponding to the true-positive, true-
negative, false-positive, and false-negative results of the
diagnostic test versus the outcome. Forest plots for
sensitivity and specificity of the index test were con-
structed from contingency tables. Then summary esti-
mates of sensitivity and specificity and the 95% CI
were calculated with the Metandi package for Stata
version 16 statistical software (Stata Corp). The small
sample size precluded running a regression correction
for potential covariates. In this case the Metandi bivari-
ate model and hierarchical summary receiver operating
characteristic (ROC) models are equivalent; thus, only
the results for the bivariate model are presented. We
used the Metandiplot command to generate the ROC
curve. A graph of the sensitivity-specificity pairs from
each study provides a better visualization of the
between-study heterogeneity than simple summary
estimates.24,25

Study Selection and Description
The literature search identified 375 citations. Of
these, 6 were included in the final analysis (Figure 2).

All studies were prospective and were published from
2012 to 2020. Of these, 5 were from a single medical
center, and 1 was a multicenter study. Half assessed
tubal patency as part of a fertility workup. The others
were conducted to confirm tubal occlusion after
Essure (Bayer AG, Leverkusen, Germany) placement
for hysteroscopic sterilization.

Synthesis of the Results

Table 1 lists the characteristics of the studies.15,16,26–29

A total of 622 fallopian tubes were used to estimate
the accuracy of HyFoSy in diagnosing tubal occlusion.
Hysterosalpingo-foam sonography was directly com-
pared to the reference, which was either HSG (4 stud-
ies) or laparoscopy with chromotubation (2 studies).
Figure 3 displays the individual and pooled estimates
of diagnostic accuracy parameters for HyFoSy and the
summary ROC curve. For HyFoSy, the pooled esti-
mates of sensitivity and specificity were 0.99 (95% CI,
0.89–0.99) and 0.91 (95% CI, 0.53–0.98), respectively,
with positive and negative likelihood ratios of 11.5
(95% CI, 1.5–87.5) and 0.006 (95% CI, 0.0003–0.12).
The diagnostic odds ratio was 1931.008 (95% CI,
69.7–53,460.8).

The overall heterogeneity between study esti-
mates of sensitivity and specificity for diagnosing
tubal occlusion appears in Figure 4. There was sub-
stantial heterogeneity across studies for sensitivity
and specificity, with I2 values of 53.2% (95% CI,
30.33%–69.59%; P = .06) and 86.55 (P = .001),
respectively. The source of heterogeneity was the
publication by Ludwin et al,16 which showed much
lower sensitivity (86.7%) than all other studies
(4 times, 100%; and once, 97%). After exclusion of
the article by Ludwin et al,16 the heterogeneity fully
disappeared (I2 = 1.8%). The summary ROC plot is
presented in Figure 5, with an area under the curve of
0.95 (95% CI, 0.93–0.96).

Discussion

Main Findings
The findings point to the high diagnostic accuracy of
HyFoSy in the evaluation of tubal occlusion. Both
sensitivity (99%) and specificity (91%) were high,

Figure 1. Average quality assessment by the Newcastle-Ottawa
scale for cohort studies.
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thus making it a very accurate test that has high posi-
tive and low negative likelihood ratios.

Hysterosalpingo-foam sonography has the advan-
tages of being an office procedure in which patients
are not exposed to radiation, and the procedure itself
involves less patient discomfort.17 In addition to tubal
patency, data on the pelvic anatomy including the
uterus and the ovaries as well as pelvic diseases such
as endometriosis, adenomyosis, congenital uterine
abnormalities, and ovarian findings can be obtained.
The office setting may be more comfortable than a
radiology department, where HSG is performed on a
hard, flat x-ray table.17,30,31 Hysterosalpingo-foam
sonography is well tolerated by most women and has
few adverse effects.17 Reports indicate that it is less
painful for women than HSG.30

A number of publications have recommended that
a complete pelvic ultrasound scan should be part of
the evaluation of subfertile women, since it provides

valuable information affecting treatment decisions and
the prognosis.32 Clearly, a complete assessment of the
uterus, uterine cavity, endometrium, ovaries, follicles,
tubes, and their patency can help identify anomalies
that could result in prolonged, invasive, or unnecessary
interventions.32 Although beyond the scope of this
meta-analysis, the introduction of ultrasound-based
contrast media for tubal patency assessments as a first
line of investigation of infertile patients appears prom-
ising and should be considered as a replacement for
other methods in reproductive medicine.

Strengths
To our knowledge, this was the first meta-analysis of
studies exploring the accuracy of HyFoSy in diagnos-
ing tubal occlusion. We conducted a broad search for
tubal assessment by HyFoSy to compensate for its
recent availability. The start date for the search was
2012, which corresponds to the time when the first

Figure 2. Flow diagram of study selection.
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detailed HyFoSy test was conducted and reviewed by
Emanuel et al15 This was done to increase the likeli-
hood of an accurate use of the diagnostic procedure.
We reassessed all previously reported calculations of
sensitivity, specificity, and positive and negative predic-
tive values to eliminate rounding off and imprecisions.
This analysis was also deliberately limited to prospec-
tive studies alone, which had the advantage of eliminat-
ing recall and reporting biases. The method adhered to
recent guidelines detailed in the Cochrane handbook
for systematic reviews of diagnostic test accuracy.23

Limitations
The main limitation of this study was its possible
selection bias, due to the inclusion of studies involv-
ing Essure placement for hysteroscopic sterilization.T
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Figure 3. Summary ROC plot of sensitivity and specificity for diag-
nosing tubal occlusions. Test sensitivity is plotted against specific-
ity, thus enabling comparison of both parameters at the same time.
The circles represent individual studies, and the size of the circles
is proportional to the number of patients included in the study. The
dark square is the summary estimate for sensitivity and specificity,
and the yellow ellipse around the spot represents the 95% confi-
dence region around the summary estimate. HS indicates hierar-
chical summary.
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The literature search did not identify a large-enough
number of studies of fertility assessments to conduct
a separate meta-analysis or include a subanalysis. We
also acknowledge the small number of studies
included in the review, which may have resulted in a
publication bias. Finally, this study did not address
the aspect of the cost of HyFoSy versus saline and air
agitated together, nor did it address whether the use
of HyFoSy would be superior to air and saline agi-
tated together, especially in light of the
additional cost.

Conclusions
This meta-analysis confirms that HyFoSy is an accu-
rate for diagnosing tubal occlusion and performs

similarly to standard tests. In light of the advantages
of HyFoSy, this test may be included in the initial
workup for subfertile couples. Note that a separate
meta-analysis comparing the diagnostic accuracy of
HyFoSy to reference tests in patients with infertility
would provide an alternative viewpoint of interest to
clinicians.

References

1. National Institute for Health and Care Excellence. Fertility prob-
lems: assessment and treatment. National Institute for Health and
Care Excellence website. https://www.nice.org.uk/guidance/CG156.
Updated September 6, 2017.

2. Saunders RD, Shwayder JM, Nakajima ST. Current methods of
tubal patency assessment. Fertil Steril 2011; 95:2171–2179.

3. Tur-Kaspa I. Fear no pain: uterine cavity and tubal patency assess-
ment tests should be pain free. Ultrasound Obstet Gynecol 2012; 39:
247–251.

4. Groszmann YS, Benacerraf BR. Complete evaluation of anatomy
and morphology of the infertile patient in a single visit: the mod-
ern infertility pelvic ultrasound examination. Fertil Steril 2016; 105:
1381–1393.

5. Sylvestre C, Child TJ, Tulandi T, Tan SL. A prospective study to
evaluate the efficacy of two- and three-dimensional
sonohysterography in women with intrauterine lesions. Fertil Steril
2003; 79:1222–1225.

6. Ludwin A, Pitynski K, Ludwin I, Banas T, Knafel A. Two- and
three-dimensional ultrasonography and sonohysterography versus
hysteroscopy with laparoscopy in the differential diagnosis of

Figure 4. Forest plots showing the levels of overall heterogeneity between studies’ estimates of sensitivity and specificity for diagnosing
tubal occlusion. Only the first author’s name is given for each reference. ES indicates effect size.

Figure 5. Summary ROC plot.

Melcer et al—Hysterosalpingo-Foam Sonography to Evaluate Tubal Occlusion

6 J Ultrasound Med 2020; 9999:1–7

https://www.nice.org.uk/guidance/CG156


septate, bicornuate, and arcuate uteri. J Minim Invasive Gynecol
2013; 20:90–99.

7. Ludwin A, Ludwin I, Martins WP. Robert’s uterus: modern imaging
techniques and ultrasound-guided hysteroscopic treatment without lap-
aroscopy or laparotomy. Ultrasound Obstet Gynecol 2016; 48:526–529.

8. Ludwin I, Martins WP, Nastri CO, Ludwin A. Pain intensity dur-
ing ultrasound assessment of uterine cavity and tubal patency with
and without painkillers: prospective observational study. J Minim
Invasive Gynecol 2017; 24:599–608.

9. Exacoustos C, Di Giovanni A, Szabolcs B, Binder-Reisinger H,
Gabardi C, Arduini D. Automated sonographic tubal patency eval-
uation with three-dimensional coded contrast imaging (CCI) dur-
ing hysterosalpingocontrast sonography (HyCoSy). Ultrasound
Obstet Gynecol 2009; 34:609–612.

10. Panchal S, Nagori C. Imaging techniques for assessment of tubal
status. J Hum Reprod Sci 2014; 7:2–12.

11. Lo Monte G, Capobianco G, Piva I, Caserta D, Dessole S,
Marci R. Hysterosalpingo contrast sonography (HyCoSy): let’s
make the point! Arch Gynecol Obstet 2015; 291:19–30.

12. Reis MM, Soares SR, Cancado ML, Camargos AF.
Hysterosalpingo contrast sonography (HyCoSy) with SH U
454 (Echovist) for the assessment of tubal patency. Hum Reprod
1998; 13:3049–3052.

13. Dijkman AB, Mol BW, van der Veen F, Bossuyt PM,
Hogerzeil HV. Can hysterosalpingo contrast-sonography replace
hysterosalpingography in the assessment of tubal subfertility? Eur J
Radiol 2000; 35:44–48.

14. Maheux-Lacroix S, Boutin A, Moore L, et al.
Hysterosalpingosonography for diagnosing tubal occlusion in sub-
fertile women: a systematic review with meta-analysis. Hum Reprod
2014; 29:953–963.

15. Emanuel MH, van Vliet M, Weber M, Exalto N. First experiences
with hysterosalpingo-foam sonography (HyFoSy) for office tubal
patency testing. Hum Reprod 2012; 27:114–117.

16. Ludwin I, Ludwin A, Wiechec M, et al. Accuracy of
hysterosalpingo-foam sonography in comparison to
hysterosalpingo-contrast sonography with air/saline and to laparos-
copy with dye. Hum Reprod 2017; 32:758–769.

17. Exalto N, Emanuel MH. Clinical aspects of HyFoSy as tubal patency
test in subfertility workup. Biomed Res Int 2019; 2019:4827376.

18. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement
for reporting systematic reviews and meta-analyses of studies that
evaluate health care interventions: explanation and elaboration.
J Clin Epidemiol 2009; 62:e1–e34.

19. Leeflang MM, Scholten RJ, Rutjes AW, Reitsma JB, Bossuyt PM.
Use of methodological search filters to identify diagnostic accuracy
studies can lead to the omission of relevant studies. J Clin Epidemiol
2006; 59:234–240.

20. De Vet H, Eisinga A, Riphagen I, Aertgeerts B, Pewsner D,
Mitchell R. Chapter 7: searching for studies. In: Deeks JJ,
Bossuyt PM, Gatsonis C (eds). Cochrane Handbook for Systematic
Reviews of Diagnostic Test Accuracy. Version 1.0.0. London, England:
The Cochrane Collaboration; 2008. http://srdta.cochrane.org.

21. Reitsma JB, Moons KG, Bossuyt PM, Linnet K. Systematic reviews
of studies quantifying the accuracy of diagnostic tests and markers.
Clin Chem 2012; 58:1534–1545.

22. Wells GA, Shea B, O’Connell D, et al. The Newcastle-Ottawa
Scale (NOS) for assessing the quality of nonrandomized studies in
meta-analyses. Cochrane website. https://training.cochrane.org/
handbook. Accessed November 17, 2018.

23. Bossuyt P, Davenport C, Deeks J, Hyde C, Leeflang MRS. Inter-
preting results and drawing conclusions. In: Deeks JJ, Bossuyt PM,
Gatsonis C (eds). Cochrane Handbook for Systematic Reviews of Diag-
nostic Test Accuracy. Version 0.9. London, England: The Cochrane
Collaboration; 2013. http://srdta.cochrane.org.

24. Riley RD, Abrams KR, Sutton AJ, Lambert PC, Thompson JR.
Bivariate random effects meta-analysis and the estimation of
between-study correlation. BMC Med Res Methodol 2007; 7:3.

25. Harbord RM, Whiting P. Metandi: meta-analysis of diagnostic accu-
racy using hierarchical logistic regression. Stata J 2009; 9:211e29.

26. Van Schoubroeck D, Van den Bosch T, Meuleman C,
Tomassetti C, D’Hooghe T, Timmerman D. The use of a new gel
foam for the evaluation of tubal patency. Gynecol Obstet Invest
2013; 75:152–156.

27. Dreyer K, Hompes Peter GA, Mijatovic V. Diagnostic accuracy of
hysterosalpingo-foam-sonography to confirm tubal occlusion after
Essure® placement as treatment for hydrosalpinges. Reprod Biomed
Online 2015; 30:421–425.
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