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Abstract 
Aim: To evaluate whether hysterosalpingo-foam sonography (HyFoSy) can 
replace HSG as first-line evaluation for tubal patency in subfertile Indonesian 
patients by evaluating agreement level and comparing patients’ subjective 
complaints. Methods: Twenty subfertile female patients at Cipto Mangun-
kusumo Central General Referral Hospital (RSCM) from January 2018 to 
January 2019 were recruited conveniently to undergo both HSG and subse-
quent two-dimensional transvaginal HyFoSy after a minimum interval of 48 
hours. Data on tubal patency and side effects inflicted by each examination 
within 24 hours were collected. Results: There were 20 subjects enrolled in 
this study. In 2 subjects, stenosis of internal uterine ostium was identified on 
HyFoSy procedure. Out of 36 remaining tubes undergoing adequate tubal 
patency evaluation by HSG and HyFoSy, agreement was seen in 81% cases 
(kappa value 0.42). The discordant tubal evaluation results in 7 of 36 tubes 
were associated with partial tubal obstruction, presence of co-existing gynae-
cological pathology, and tubal spasm. Less pain (p < 0.001) was experienced 
in HyFoSy as compared to HSG, with mean VAS of 1.8 ± 1.4 cm and 5.4 ± 2.4 
cm, respectively. Seven of 20 patients experienced side effects due to HSG, 
such as abdominal cramp, spotting, backache, and bloating, in contrast to 
only one subject experiencing spotting due to HyFoSy. There was no hyper-
sensitivity reaction observed in all subjects during HSG and HyFoSy proce-
dure. Conclusions: HyFoSy has shown an excellent acceptance in Indonesian 
patients and could be a good alternative to replace HSG as a first line tubal 
patency examination. 
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1. Introduction 

Approximately 15% of couples suffered from subfertility, 40% of which were at-
tributed to tubal factor in developing countries [1] [2] necessitating a feasible 
and well-tolerated tubal patency examination across the geographically scattered 
islands in Indonesia for easier and earlier access to subfertility treatment. An 
emerging non-invasive and bedside tubal patency examination with superior 
diagnostic value and patient’s satisfaction as compared to HSG, known as hyste-
rosalpingo-foam sonography (HyFoSy), has been initiated in Indonesia at Cip-
tomangunkusumo Central General Referral Hospital (RSCM) since 2018. Lud-
win et al. described that HyFoSy has a sensitivity of 87% and specificity of 94% 
[3], which was higher than HSG that had a sensitivity of 63% and specificity of 
89% [4]. Zizolfi et al. in Italy performed a concordance study between HyFoSy 
and HSG that was performed on 50 women who had undergone hysteroscopic 
Essure microinsert placement and found a concordance rate of 100% [5]. 
Another study by Dreyer et al. in the Netherlands showed a 97.4% concordance 
between HyFoSy and HSG in evaluating tubal occlusion in 26 women under-
going Essure placement due to hydrosalpinx before in vitro fertilization [6].  

Standard HSG examination for tubal patency has several drawbacks in pa-
tient’s perspective, among others is pain during and after procedure, allergy to 
contrast agent, side effects, and the lengthy procedure of arranging appointment 
to the radiology department and returning the HSG result to the gynecologist on 
the multiple visits. Meanwhile, HyFoSy offers an instant tubal patency result in 
an approximately 5-minute bedside procedure requiring only a two-dimensional 
(2D) transvaginal ultrasonography and the ExEm-foam kit consisting of hy-
droxyethylcellulose-glycerol gel and its cervical cannula. Tolerance study that 
was performed by Dreyer et al. in 2015 in the Netherlands to compare the pain 
experienced during HyFoSy in comparison to HSG found a significantly lower 
pain score for HyFoSy with median VAS score of 2.0 cm compared to HSG with 
median VAS score of 5.1 cm [6]. 

To the best of our knowledge, this study was the first implementation of Hy-
FoSy in Indonesian population. Although HyFoSy had shown an excellent ac-
ceptance in Caucasian patients [6] [7] [8], there was yet a tolerance study on In-
donesian population. Considering the possible effect of ethnicity on patients’ to-
lerance, as already exemplified on the frequency of carbamazepine-induced Ste-
ven-Johnson syndrome/toxic epidermal necrolysis that was only 5% - 6% in Eu-
rope in contrast to 25% - 33% in Taiwan [9] [10], therefore this study on Indo-
nesian population was necessary to prove the safety and acceptability of HyFoSy 
procedure in Indonesian patients. The aim of this study was to evaluate whether 
HyFoSy can replace HSG as a first-line evaluation for tubal patency in subfertile 
Indonesian patients by evaluating their agreement rate and patients’ tolerance level. 

2. Methods 

This concordance study was conducted prospectively in RSCM from January 
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2018 to January 2019. Inclusion criteria were all subfertile patients with stable 
hemodynamic at the outpatient clinic, while exclusion criteria were patients with 
cervical neoplasm, Mullerian agenesis, and impaired kidney function. A total of 
20 subfertile Indonesian women were recruited conveniently and underwent 
both HSG and subsequent HyFoSy after a minimum interval of 48 hours. Data 
on side effects inflicted by each examination within 24 hours was collected by 
interview. The secondary outcome measures included pain experienced during 
HyFoSy and HSG, measured by Visual Analogue Scale (VAS) scores (1 - 10 cm), 
as well as nominal data on subjective complaints experienced by the subjects 
within 24 hours since the initiation of the procedure. 

While the HSG procedures were performed in one appointed radiology in-
stallation with a standard procedure of passing radio-opaque dye from the cer-
vical canal to the uterine cavity under fluoroscopic guidance that was then in-
terpreted by the radiologist on duty, all the HyFoSy procedures were performed 
by a single gynaecologist in outpatient setting. The HyFoSy procedure was per-
formed in lithotomy position. The foam was prepared by mixing 10 ml of hy-
droxyethylcellulose-glycerol gel with 10 ml of purified water until it turned white 
(Figure 1). A speculum was inserted to the vagina to visualize the cervix. Then, a 
flexible cervical balloon-less cannula provided by the ExEm foam kit was in-
serted to the cervix to provide a path for foam infusion to the uterine cavity. 
Following removal of the speculum, the transvaginal ultrasound transducer was 
inserted into the vagina to visualise the longitudinal plane of the uterus, while 
the other hand of the operator pushed the plunger of the syringe gently to in-
troduce the foam into the uterine cavity. After the foam was identified as a 
hyperechoic line flowing within the uterine cavity in the longitudinal plane, the 
transducer was rotated to the transverse plane to locate the ovary and the trans-
ducer was adjusted to visualise the hyperechoic foam from the uterine cavity that  
 

 
Figure 1. The foam used in HyFoSy was created by mixing 10 ml of hydroxyethylcellu-
lose-glycerol gel with 10 ml of purified water until it turned white (1). Speculum was used 
to visualise the cervix and cervical cannula was inserted into the cervical ostium (2). The 
foam was infused through the cervical cannula under transvaginal ultrasonography 
guidance (3). The flow of hyperechoic foam (white arrow) along the lumen of Fallopian 
tube indicated tubal patency (4). 
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continued to flow along the fallopian tube and end as dispersion to the perito-
neal cavity. Similar step was performed on the contralateral side to evaluate the 
patency of the contralateral Fallopian tube. To preclude operator bias, all HyFo-
Sy procedures were performed by a single operator with adequate training from 
the representative of the ExEm foam kit manufacturer. The study protocol was 
approved by the Ethics Committee of the Faculty of Medicine University of In-
donesia on December 29th, 2017 (reference number: 1163/UN2.F1/ETIK/2017). 
All participating women gave informed consent. 

Statistical analyses were conducted to assess the agreement rate of tubal pa-
tency results between HyFoSy as the index test and HSG as the reference stan-
dard by measuring the Kappa Cohen value. The primary outcome of accuracy 
was calculated by adding the sum of true positives and true negatives, and then 
divided by the sum of true positives, true negatives, false positives and false neg-
atives. Secondary outcome of numerical pain score between HyFoSy and HSG 
was analysed using paired t-test. A p-value of <0.05 indicated a statistically sig-
nificant difference. Statistical analyses were performed using the IBM Statistical 
Package for Social Sciences (SPSS) version 23.0 (IBM Corp., USA). Other no-
minal data of subjective complaints within 24 hours after the initiation of Hy-
FoSy and HSG was presented with descriptive statistics. 

3. Results 

Between January 2018 and January 2019, twenty subfertile Indonesian females 
were examined with HSG and subsequent HyFoSy to demonstrate tubal patency. 
The mean age of patients was 33.5 ± 6.0 years with a mean subfertility duration 
of 4.0 ± 3.6 years. Of the 20 included subjects, one patient was categorised as 
secondary subfertility and five patients admitted dysmenorrhea (Table 1). 

All women underwent HSG followed by HyFoSy after a minimum interval of 
48 hours. Of the 20 women having undergone adequate tubal evaluation by 
HSG, 2 women showed internal uterine ostium stenosis during HyFoSy that 
voided tubal patency evaluation from these 2 HyFoSy procedures (Figure 2). 
Hence, only 36 of 40 tubes were included in the agreement analysis. 
 
Table 1. Demographic and clinical characteristics. 

Variable 
Description  

(n = 20) 

Age (mean ± standard deviation) 33.5 ± 6.0 year 

Subfertility duration (mean ± standard deviation) 4.0 ± 3.6 year 

Primary subfertility (n, %) 19/20, 95% 

Secondary subfertility (n, %) 1/20, 5% 

Dysmenorrhea (n, %) 5/20, 25% 
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From the 36 tubes that had undergone adequate tubal patency evaluation by 
HSG and HyFoSy, agreement was seen in 81% of cases with a moderate kappa 
value of 0.42. During HSG, 30 of 36 tubes were described as patent, while 6 of 36 
tubes were non-patent. In comparison, 27 of 36 tubes were visualised as patent 
during HyFoSy, whereas 9 of 36 were occluded (Table 2).  

Discrepancy of tubal patency results between HSG and HyFoSy was seen in 7 
of 36 tubes. Five of which were patent according to HSG, but the tubal patency 
result during HyFoSy described otherwise. Meanwhile, 2 tubes were showing oc-
clusion during HSG, but were found to be patent during HyFoSy examination. 

Patients were asked to rate the worst pain experienced within 24 hours fol-
lowing HSG and HyFoSy procedure using the VAS score, with 0 corresponding 
to no pain and 10 corresponding to maximum pain. The VAS score was signifi-
cantly lower in HyFoSy compared to HSG, with mean VAS score of 1.8 ± 1.4 and 
5.4 ± 2.4 (p < 0.001), respectively (Table 3).  

Seven out of 20 patients experienced mild side effects during HSG, such as 
abdominal cramp, spotting, backache, and bloating, in contrast to only 1 patient 
experiencing spotting in the HyFoSy group (Figure 3). Subjective complaints 
during HSG were in the form of spotting (7 of 20 patients), abdominal cramp (7 
of 20 patients), backache (2 of 20 patients), and bloating (1 of 20 patients). None 
of subjects in this study experienced hypersensitivity reaction or severe adverse 
effects due to HSG or HyFoSy procedure. 

 

 
Figure 2. The flow of hyperechoic foam seen in the longitudinal plane was stopped at the 
internal uterine ostium due to stenosis in 2 of 20 subjects during HyFoSy procedures. 

 
Table 2. Primary outcome of tubal patency according to HyFoSy and HSG. 

Evaluation 
Patent tube in HSG  

(n = 30) 
Non-patent tube in HSG  

(n = 6) 

Patent tube in HyFoSy (n = 27) 25 2 

Non-patent tube in HyFoSy (n = 9) 5 4 

 
Table 3. Pain experienced within 24 hours after HyFoSy and HSG. 

Pain HyFoSy HSG p value 

VAS score 1.8 ± 1.4 5.4 ± 2.4 <0.001 
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Figure 3. Less side effects were experienced during HyFoSy compared to HSG. Seven of 
20 patients experienced side effects due to HSG, such as abdominal cramp, spotting, 
backache, and bloating, in contrast to only one subject experiencing spotting due to Hy-
FoSy. 

4. Discussion 

To the best of our knowledge, this is the first study in Indonesian population 
evaluating the agreement level between HyFoSy and HSG in evaluating tubal 
patency. Our result showed a moderate agreement level of 81% (Cohen’s kappa 
coefficient level of 0.42), which was lower than previous studies by Zizolfi et al. 
in Italy with 100% agreement [5] and by Dreyer et al. in the Netherlands with 
97.4% agreement [6]. This difference was likely due to different study population 
since the subjects in these two studies were women with Essure placement that 
occluded the proximal part of the Fallopian tubes. Meanwhile, subjects in this 
study were subfertile patients with no Essure placement that was comprised of 
only 20% occluded tubes according to HyFoSy or 17% occluded tubes according 
to HSG. Therefore, it could be implied that HyFoSy had a better agreement with 
HSG in cases of tubal occlusions. 

The agreement level in this study was also affected by the foundational differ-
ence of accuracy between HSG and HyFoSy when compared with the gold stan-
dard laparoscopy chromotubation. HSG had been described to have a sensitivity 
level of 63% and specificity of 89% [4], while HyFoSy had a higher sensitivity of 
87% and specificity of 94% [3]. An unrandomized observational study of 20 
women by Van Schoubroeck et al. even found 100% agreement in tubal assess-
ment results between laparoscopy chromotubation and HyFoSy [11]. This study 
did not measure the accuracy of HyFoSy by comparing it with the gold standard 
tubal patency examination that was laparoscopy chromotubation because the 
first line tubal patency evaluation used in Indonesia was HSG. Therefore, a 
moderate agreement between HyFoSy and HSG in this study was sufficient to 
validate the implementation of HyFoSy as an alternative to HSG as a first line 
tubal patency examination in Indonesia. 

Interestingly, this study found discordant tubal evaluation results in 7 of 36 
tubes. In 3 of 5 tubes with occlusion according to HyFoSy yet patent according 
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to HSG, there was a need to increase the pressure of the contrast infusion during 
HSG that only manage to create little spill to the peritoneal cavity that did not 
spread well. That indicated that there were partial obstructions within those 
three tubes that could be classified as patent but diseased tubes. According to a 
review article by Patil in 2009, results of tubal patency evaluation by HSG could 
be classified as normal tube, patent tube with tubal disease, and blocked tubal 
disease. In his comparison, Patil described the normal tubes to have good prog-
nosis for future fertility with very low incidence of ectopic pregnancy. In con-
trast, blocked tubes had poor prognosis for non-assisted future fertility with very 
low incidence of ectopic pregnancy. Meanwhile, patent tubes with tubal disease 
had the most hostile prognosis since it had a moderate fertility prognosis with 
the highest incidence of ectopic pregnancy of up to 25% - 50% [12] [13]. Ac-
cording to the findings of this study, these patent tubes with tubal disease could 
be distinguished by HSG examination while the HyFoSy with lower infusion 
pressure may group these diseased tubes altogether with the completely blocked 
tubes.  

Another cause of patent tube according to HSG that was shown occluded by 
HyFoSy was obstruction by extra tubal mass. In Figure 4, the presence of ade-
nomyosis obstructed the flow of foam through the interstitial part of the Fallo-
pian tube during HyFoSy, yet the higher contrast infusion pressure in HSG 
could overcame the resistance caused by the extra tubal adenomyosis and 
created peritoneal spill that was interpreted as patent tube while overlooking the 
presence of the radiolucent adenomyosis. Considering that the physiologic 
transport of gametes within the fallopian tube was not augmented by external 
pressure [14], therefore the patency described by the HSG in this case could be 
regarded as a false negative result. Standing on another point of view, HSG could 
be a testing modality to predict whether removal of an adjacent obstructing mass 
would return the patency of an obstructed tube.  

In this study, the 2 cases of occluded tubes according to HSG that were shown 
patent by HyFoSy comprised of 1 proximal occlusion and 1 distal occlusion. 
Proximal tubal occlusion had been previously described to have a false positive 
rate of 39% due to tubal spasm [15]. Therefore, the case of proximal tubal oc-
clusion, seen as the absence of contrast filling beyond the interstitial part dur-
ing HSG (Figure 5) that was seen patent in HyFoSy, was likely due to tubal 
spasm.  

Meanwhile, the case of distal occlusion observed in the discordant case was 
caused by the displacement of the Fallopian tube to the lateral side due to an 
undetected radiolucent large leiomyoma, hence no contrast spill was seen 
spreading to the pelvic floor during HSG examination. Interestingly, the lei-
omyoma could be clearly seen during HyFoSy procedure and the hyperechoic 
foam could be tracked flowing from the uterine cavity, passing through the in-
terstitial part of the Fallopian tube, and filling the whole Fallopian tube along the 
perimeter of the leiomyoma until it spilled to the peritoneal cavity (Figure 6). 
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Figure 4. An adenomyosis (white arrows) obstructed the flow of foam through the inter-
stitial part of the left Fallopian tube during HyFoSy (right). In the same tube, the higher 
contrast infusion pressure in HSG could overcome the resistance caused by the extra 
tubal obstruction and created peritoneal spill that was interpreted as patent left tube while 
overlooking the presence of the radiolucent adenomyosis (left). 

 

 
Figure 5. A case of left proximal tubal occlusion, seen as the absence of contrast filling 
beyond the interstitial part during HSG (left), had a 39% probability of false positive due 
to tubal spasm. During HyFoSy, hyperechoic foam (white arrows) was visualised flowing 
seamlessly from the uterine cavity through the interstitial part until the whole course of 
the same Fallopian tube (right). 

 

 
Figure 6. The left Fallopian tube was displaced to the lateral side due to an undetected 
radiolucent large leiomyoma, hence no contrast spill was seen spreading to the left pelvic 
floor during HSG examination (left). In the same Fallopian tube, the adjacent leiomyoma 
could be clearly seen during HyFoSy procedure and the hyperechoic foam (white arrows) 
could be tracked flowing from the uterine cavity, passing through the interstitial part of 
the Fallopian tube, and filling the whole Fallopian tube along the perimeter of the leio-
myoma until it spilled to the peritoneal cavity. 
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Another utility of HyFoSy found during this study was to detect stenosis of 
internal uterine ostium. From 20 subjects with adequate evaluation of tubal sta-
tus by HSG, 2 of them could not have tubal status evaluation by HyFoSy since 
the foam could not pass beyond the internal cervical ostium that corresponded 
with stenosis of internal uterine ostium (Figure 2). Cases of stenosis hindering 
tubal evaluation by HyFoSy had been previously described by Emanuel et al. 
From 73 subjects to whom Emanuel et al. performed HyFoSy, 6 subjects had 
unsuccessful HyFoSy procedure due to cervical blockage in 5 patients and lea-
kage in 1 patient [16]. During HyFoSy procedure, the foam could not pass the 
narrowed internal uterine ostium because the type of cervical cannula provided 
in the ExEm foam kit was flexible cannula and was not assisted by tenaculum. In 
comparison, HSG procedure employed a metallic cervical cannula that was fix-
ated by tenaculum. Therefore, the cervical cannula in HyFoSy would bend in-
stead of forcing through upon meeting resistance. In contrast, the metallic cer-
vical cannula used in HSG may exert blunt force that, though more traumatic, 
may provide benefit by mechanically dilating a pre-existing stenosis of internal 
uterine ostium. 

Considering that HyFoSy had similar procedure to HSG in terms of creating 
distension of the uterine cavity, therefore the anticipated side effects due to both 
procedures would both encompass possibility of vasovagal reaction and pain. 
This study found a significantly less pain (p < 0.001) due to HyFoSy with VAS 
score of 1.8 ± 1.4 cm in comparison to HSG with VAS score of 5.4 ± 2.4 cm. 
More proportion of subjects complained side effects in the form of spotting, ab-
dominal cramp, backache, and bloating due to HSG in comparison to HyFoSy. 
Within 24 hours since the initiation of HSG in 20 subjects, 35% of subjects expe-
rienced spotting, 35% of subjects experienced abdominal cramp, 10% of subjects 
experienced backache, and 5% of subjects experienced bloating. In contrast, 
apart from pain, spotting was the only side effect complained due to HyFoSy and 
was only found in 5% of subjects. These findings were consistent with previous 
studies in Europe that had shown that HyFoSy had a better patient’s tolerance 
compared to HSG. Randomized controlled trial by Dreyer et al. found that Hy-
FoSy was statistically less painful (p < 0.01) with a median VAS score of 1.7 cm 
in comparison to HSG with a median VAS score of 3.7 cm [8]. There was no 
hypersensitivity reaction or severe adverse effect observed in 20 Indonesian 
women included in this study following HyFoSy or HSG procedure. Likewise, 
study by Schoubroeck et al. in 216 patients undergoing HyFoSy found that 
92.1% of subjects regarded the worst side effect due to HyFoSy was only a toler-
able pain [7]. 

In regard to possible effect of pain scores with the patient knowing what to 
expect in the second investigation, study by Sipila et al. had shown that expecta-
tion of severe pain was associated with higher scores of both experimental and 
clinical pain intensity. Therefore the higher VAS score in the HSG procedure as 
compared to the subsequent HyFoSy procedure in this study was not biased by 
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psychological factor of expecting pain in the subsequent procedure [17]. In re-
gard to possible therapeutic effect of conventional HSG that may have altered 
the findings on HyFoSy, the studies on the effect of tubal flushing with HSG to 
increase live birth rate had a low quality of evidence [18]. Therefore, conven-
tional HSG was not likely to have altered the findings on HyFoSy in our study. 

Chou Phay Lim et al. argued that HSG was out of date and had no place in 
modern infertility work up in the emergence of newer tubal patency examina-
tions [19]. As seen in this study, HyFoSy had better patient’s tolerance with 
moderate agreement to HSG while avoiding radiation exposure, omitting the 
need of fluoroscopy instrument and shortening the diagnostic time by deducting 
liaison with radiology department. Yet, this study had also shown that HSG may 
be a better option to evaluate tubal patency in the presence of stenosis of internal 
uterine ostium. HSG also allowed comparison of contrast spill with the contra-
lateral side in conjunction with the difference in contrast infusion pressure 
needed that would be useful to distinguish patent but diseased tubes with high 
risk for ectopic pregnancy. Furthermore, HyFoSy could offer a wider utility 
beyond dichotomizing between a patent tube and an occluded tube. As seen 
from this study, when HyFoSy was complemented with the higher contrast infu-
sion pressure of HSG, it could distinguish a candidate that might benefit from 
removal of obstructing extra tubal mass. 

A challenge in the dissemination of the practice of 2D-HyFoSy in Indonesia 
would be the necessity to climb the learning curve. Ranaweera et al. had sug-
gested a shallow learning curve for a person with experience in transvaginal ul-
trasound to achieve confidence in performing saline sonographic hydrotubation 
after 5 - 10 cases [20]. Considering that the foam in HyFoSy can visualise Fallo-
pian tube far longer than saline, therefore a similar learning curve threshold of 5 
to 10 cases would be adequate to achieve confidence in performing HyFoSy. 

5. Conclusion 

HyFoSy had a moderate agreement of 81% (kappa value of 0.42) to HSG and had 
a better patient’s tolerance as compared to HSG in Indonesian population. 
Hence, HyFoSy is a potentially more preferable alternative as a first line tubal 
patency evaluation in subfertile Indonesian patients. 
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