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 Introduction 

 Contrast agents to assess tubal patency are being used 
in three different settings. X-ray oil- or water-based con-
trast agents in X-ray hysterosalpingography (HSG), meth-
ylene blue for chromopertubation during laparoscopy 
and air- or water-based contrast agents in hysterosalpin-
go-contrast sonography (HyCoSy)  [1–5] . X-ray HSG has 
the disadvantages of radiation exposure (on average 1–5 
mSy but depending on the fluoroscopy time) and of po-
tential allergy to the contrast agent. Laparoscopic evalu-
ation with methylene blue is associated with the risk of 
laparoscopy under general anesthesia. The movement of 
a suspension of air bubbles through the fallopian tubes 
can be visualized during HyCoSy after intratubal instil-
lation of products like Echovist or Levovist (Schering AG, 
Berlin, Germany) and SonoVue (Bracco International BV, 
Amsterdam, The Netherlands). The use of these prod-
ucts, which consist of a suspension of micron-sized air 
bubbles in an aqueous galactose solution  [6–10] , is lim-
ited by restricted commercial availability and high cost. 
A cheap but highly operator-dependent reported alterna-
tive for these products during HyCoSy is to use an alter-
nated injection of water and air in the uterine cavity and 
to sonographically detect air bubbles around the ovary 
and free fluid in the cul-de-sac  [11–13] . More recently, 
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 Abstract 

  Aims:  To evaluate the feasibility and the reliability of hystero-
salpingo-foam sonography (HyFoSy) using gel foam in the 
assessment of tubal patency.  Methods:  Nonrandomized, ob-
servational, academic and single-center study of 20 women 
being investigated because of subfertility and scheduled for 
a laparoscopy with chromopertubation. A detailed descrip-
tion of HyFoSy with a newly developed gel foam is given in 
the way it proved to be most efficient in our hands. The re-
sults of HyFoSy are compared to the data regarding tubal 
patency testing during laparoscopy by chromopertubation. 
 Results:  All 20 HyFoSy were technically successful. Four of 
the 40 tubes, 1 right tube and 3 left tubes, were not patent 
at HyFoSy (3 tubes with proximal block and 1 tube with distal 
block). There was a 100% agreement between tubal patency 
data according to HyFoSy testing and laparoscopic chro-
mopertubation testing.  Conclusion:  HyFoSy is both feasible 
and accurate in the diagnosis of tubal patency. 
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Exacoustos et al.  [13, 14]  introduced coded contrast imag-
ing enabling the visualization of the fallopian tubes over 
their total length. However, coded contrast imaging re-
quires special software and a second-generation contrast 
medium.

  Gel instillation sonography has been used as an alter-
native to saline infusion sonography in the assessment of 
intracavitary uterine lesions  [15, 16] . This gel, diluted 
with sterile water and mechanically mixed with air, re-
sults in ‘gel foam’ with low viscosity  [17] . The echogenic 
air bubbles remain suspended much longer in diluted gel 
than they would do in water due to the difference in vis-
cosity. Their passage from the uterine cavity through the 
tubes to the abdominal cavity can be seen during ultra-
sound examination. The aim of this study was to evaluate 
the feasibility and reliability of hysterosalpingo-foam so-
nography (HyFoSy) using gel foam in the assessment of 
tubal patency, comparing it with laparoscopy and chro-
mopertubation as gold standard.

  Methods 

 In this nonrandomized, observational, academic and single-
center study, 20 women being investigated because of subfertility 
and scheduled for a laparoscopy with chromopertubation were 
included. Laparoscopy was scheduled during the proliferative 
phase of the cycle in women with a natural cycle (n = 17) and at 
random (excluding menstruation) in women using oral contra-
ception (n = 3). Exclusion criteria were: patient’s refusal, pelvic 
infection or active uterine bleeding (including menstruation). 
The study was approved by the hospital’s Ethics Committee and 
written informed consent was obtained from all patients.

  Under general anesthesia the women were examined in lithot-
omy position and HyFoSy with gel foam was performed as follows. 
The gel foam mixture was prepared according to the instructions 
of the manufacturer of ExEm gel foam kits (ExEm; Gynaeco-
logIQ, Delft, The Netherlands).

  Firstly, a 10-ml syringe containing ExEm gel was connected to 
an empty 20-ml syringe by a small plastic coupling device. The 
gel was injected in the 20-ml syringe and subsequently the empty 
gel syringe was disconnected.

  Secondly, a 10-ml syringe with sterile water was connected to 
the 20-ml syringe and the sterile water was added to the gel. Sub-
sequently, the empty 10-ml water syringe was disconnected.

  Thirdly, an empty 10-ml Luer lock syringe was connected to 
the 20-ml syringe containing 10 ml of gel, 10 ml of sterile water 
and a small amount of air. By moving the content to and fro be-
tween both syringes through the coupling device an homoge-
neous whitish mixture of micro air bubbles diluted in gel was 
obtained. The viscosity of the mixture was low enough to enable 
easy passage through the lumen of the narrow tubes, and was 
high enough to obtain a stable homogeneous suspension of the 
micro air bubbles within the fluid for the duration of the exami-
nation.

  Fourthly, using an open-sided speculum (e.g. Collin-type), the 
cervix was visualized and cleaned with an aqueous chlorhexidine 
solution. Using a swab forceps, a 2-mm pediatric Foley balloon 
catheter with stylet (Pediatric Folysil �  Catheter; Coloplast A/S, 
Humlebaek, Denmark) was inserted through the cervical canal 
into the uterine cavity and the balloon was inflated with 0.5–1 ml 
water. The balloon was placed in the lower uterine cavity to pre-
vent a backflow of gel foam through the cervix.

  Fifthly, the speculum was removed, the stylet was withdrawn 
and the 10-ml Luer lock syringe filled with gel foam was con-
nected to the catheter. A second operator inserted the endovagi-
nal ultrasound probe and confirmed the correct position of the 
balloon. A transverse ultrasound section was made at the level of 
both cornua and a small amount of gel foam (2–5 ml) was slowly 
injected under direct ultrasound vision. The gel foam was easily 
visualized due to its strong hyperechogenicity. Additional small 
aliquots of gel foam were subsequently injected if necessary until 
its passage or nonpassage through both tubes had been assessed. 
All ultrasound examinations were performed using a GE Volu-
son �  E8 ultrasound system (GE Healthcare, Milwaukee, Wisc., 
USA) equipped with a 6–12 MHz 3D endovaginal probe. Images 
were stored as 2D still images, 2D clips and 3D volumes. Tubal 
patency was diagnosed if a continuous forward flow (lasting for 
at least 15 s) was visualized in the proximal (paracornual) part of 
the tube, the contrast was seen over the whole length of the tube, 
the tubal lumen did not distend, and spilling of foam into the ab-
dominal cavity was visible ( fig. 1–3 ). The presence of air bubbles 
next to the ovaries or in the pouch of Douglas was recorded. 
Pulsed Doppler was used to confirm the direction of the flow as 
well as the acceleration during injection.

  After the HyFoSy, the fertility surgeon proceeded with the lap-
aroscopy with chromopertubation using methylene blue. The fer-
tility surgeon was not blinded for the HyFoSy results. Tubal pa-
tency data according to HyFoSy instillation were compared to 
those according to laparoscopy with chromopertubation.

  Results 

 The median (range) patient age was 30 (23–40) years 
with a median (range) parity of 0 (0–2) and median 
(range) gravidity of 0 (0–3). Patients had either primary 
(n = 14) or secondary (n = 6) infertility. At the time of 
surgery, they either had a natural cycle (n = 17) or were 
using oral contraception (n = 3).

  All 20 HyFoSy were technically successful with respect 
to: (1) insertion of the catheter through the cervical canal 
into the uterine cavity, (2) inflation of its balloon and (3) 
instillation of gel foam into the uterine cavity. Four of the 
40 tubes, 1 right and 3 left tubes, were not patent at Hy-
FoSy (3 proximally blocked tubes and 1 distally blocked 
tube). The agreement of the HyFoSy tubal patency data 
and the chromopertubation tubal patency data was 100%. 
Endometriosis was diagnosed at laparoscopy in 12 pa-
tients (9 with minimal endometriosis, 2 with mild endo-
metriosis, and 1 with severe endometriosis, classified ac-
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cording to the staging system of the American Society of 
Reproductive Medicine)  [18] . Peritubal adhesions were 
seen in 2 cases: the fallopian tube was patent in 1 case but 
not in the other case. Four patients had previously under-
gone an HSG ( table 1 ). In the first patient, both HSG and 
HyFoSy showed bilateral tubal patency. In the second pa-
tient, the HSG had been impossible due to cervical steno-
sis, whereas the HyFoSy was technically easy and demon-
strated bilateral tubal patency. In the third patient, HSG 
reported bilateral blocked tubes, whereas HyFoSy showed 
a patent right tube and confirmed the left tubal block. In 

the fourth patient, a unilateral block was observed on 
HSG, but not confirmed by HyFoSy showing bilateral 
tubal patency.

  Discussion 

 This study illustrates both the feasibility and the ac-
curacy of HyFoSy in the diagnosis of tubal patency when 
compared to the gold standard of chromopertubation 
during laparoscopy. Furthermore, we provided a detailed 

Table 1. O verview of the 4 patients who underwent X-ray HSG, 
HyFoSy and laparoscopic chromopertubation

Case Fallopian tube HSG HyFoSy Lps chromo

1 left patent patent patent
right patent patent patent

2 left failed1 patent patent
right failed1 patent patent

3 left blocked blocked blocked
right blocked patent patent

4 left patent patent patent
right blocked patent patent

L ps chromo = Laparoscopic chromopertubation. 
 1 Technical failure.

  Fig. 1.  Transversal section at the level of the proximal portion of 
both fallopian tubes. The gel foam is highly echogenic. 

  Fig. 2.  Transversal section at the level of the fundus of the uterus 
with tortuous patent right fallopian tube. 

  Fig. 3.  Patent right fallopian tube (note the tortuous course). 
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description of HyFoSy, in the way it proved to be most ef-
ficient in our hands, to allow other investigators to con-
firm our data.

  In our experience, the use of Foley’s catheter is im-
portant during HyFoSy for the diagnosis of tubal pa-
tency. Firstly, this catheter can be introduced easily 
through the endocervical canal. Secondly, its small bal-
loon, positioned in the lower uterine cavity, prevents 
backflow irrespective of the configuration of the cervi-
cal canal and the external os and allows for controlled 
building up of intrauterine pressure. Thirdly, the cath-
eter is flexible and therefore does not disturb the patient 
or the operator manipulating the vaginal probe. Fur-
thermore, we prefer a smaller (10-ml) syringe to instill 
the gel foam because this allows a better control of gel 
foam amount and intrauterine pressure applied. The 
Luer lock is necessary to connect the syringe leak-proof 
to the Foley catheter. These practical aspects are of ma-
jor benefit in the performance of HyFoSy in an outpa-
tient setting.

  Using dynamic ultrasound imaging, the flow of the gel 
foam through a patent tube can be followed on ultraso-
nography from the interstitial portion, over the tube’s en-
tire length until the fimbrial end, where spilling is evi-
denced as a foggy rain. Some tubes are straight, others are 
very tortuous, and the course of the gel foam can be fol-
lowed by real-time 2D ultrasound.

  Myometrial spasm, well known to those performing 
HSG, can explain why forward flow over the interstitial 
portion of the tube started only several minutes after in-
stillation of gel foam through the catheter in 2 cases pre-
sented. Therefore, we recommend to wait several minutes 
and to allow the building up of intrauterine pressure 
while injecting the gel foam, as tubal patency can still be 
demonstrated in some cases of suspected proximal block 
uni- or bilaterally. In the outpatient setting we routinely 
warm the gel to 37   °   C using a warming blanket to avoid 
thermal stimulation of the myometrial cells and to mini-
mize uterine cramps  [19] .

  It has to be stressed that only a positive HyFoSy result 
(tubal patency) is conclusive. If tubal patency cannot be 
demonstrated, this may be caused by a truly blocked tube 
or by a transient blocked tubal status due to (1) spasm of 
the myometrium around the interstitial portion of the 
tube (tubal kinking), (2) the presence of a mucus plug or 
clot at the proximal end of the tube, or (3) a transiently 
swollen endotubal mucosa (e.g. secondary to infection). 
It is also important to note that a normal HyFoSy result 
does not rule out significant mechanical transport prob-
lems such as ciliar dysfunction or adhesions in or around 
a tube.

  We conclude that HyFoSy is both feasible and accurate 
in the diagnosis of tubal patency.
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