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Abstract: Establishing tubal patency is necessary for the treatment of subfertility. Hysterosalpingo contrast sonography
(HyCoSy) is one of recommended screening test but is expensive. Vaginal sonographic hydrotubation using agitated
saline and size 8 Foley catheter can be used to reduce the cost. The objective of the study is to determine the diagnostic
accuracy of vaginal sonographic hydrotubation using agitated saline as a screening test for tubal patency. 42 patients with
infertility were evaluated for tubal patency. Vaginal sonographic hydrotubation was performed using a size 8 Foley
urinary catheter and agitated saline solution as a contrast medium to assess tubal patency. Results were compared with
findings at laparoscopy and chromotubation performed independently. All patients received prophylactic antibiotics prior
to procedure. The findings of both methods agreed in 71 out of 84 tubes (concordance, 84.5%). The sensitivity for tubal
patency was 84.9% and the specificity 81.8%. The positive predictive value 96.8% and the negative predictive value was
45.0%. The pretest probability was 86% and posttest probability 96%. Adverse events included moderate to severe
abdominal pain in two patients and mild discomfort during procedure. No infectious complications recorded. From the
study it can be concluded that vaginal sonographic hydrotubation utilizing agitated saline as a contrast medium and a size
8 Foley urinary catheter is a reliable, simple and well-tolerated method to assess tubal patency in an outpatient setting. In

addition, detection of other pathologies related to subfertility is also possible at the time of screening.

Keywords: Subfertility; laparoscopy; agitated saline; hydrotubation; sonosalpingography; tubal patency.

INTRODUCTION

Subfertility is a commonly encountered
problem in gynaecological practice, affecting 10-15%
of couples’ worldwide [1]. Tubal disease accounts for
15 — 20% of cases of primary subfertility and
approximately 40% of secondary subfertility [2]. There
is limited information on the problems of subfertility in
Sri Lanka due to the paucity of well-conducted studies.
The only community based study aimed at studying the
prevalence and risk factors for primary and secondary
subfertility was carried out in 1994 in the district of
Colombo [3]. In this study, primary subfertility was
found to be 4.1% with secondary infertility being
16.1%. It is recommended that women who are being
investigated for subfertility should be offered a test for
tubal patency [4]. Tubal patency can be assessed by
laparoscopy (Jacobaeus - 1910 Palmer - 1947),
hysterosalpingography (Carey -1914) or the newer
technique  known as hysterosalpingo  contrast
sonography (Deichert -1993).

The laparoscopy and dye test is considered
currently as the gold standard for the evaluation of tubal
patency [5]. It allows visual inspection of internal
organs of abdomen and pelvis and excludes other
problems like endometriosis, fibroids, ovarian cysts and
adhesions. Abnormalities detected during the procedure
may be dealt with at the same time. Diagnostic

laparoscopy is associated with approximately 3% risk
of minor complications such as nausea and shoulder tip
pain; the risk of major complications such as bowel
injury or injury to a blood vessel is about 0.06 - 0.2%
[6]. It also exposes large humbers of healthy women to
the hazards of anaesthesia.

Hysterosalpingography (HSG) is often the
primary investigation of tubal patency. It can be done as
an outpatient procedure and without any anaesthesia. As
a test of tubal patency, HSG has a sensitivity of 0.65
(95%CI 0.50-0.78) and a specificity of 0.83 (95% ClI
0.77-0.88) [7]. However, HSG is associated several
disadvantages including use of clinical radiography
time, contrast medium reactions, pelvic discomfort and
vasovagal reactions [8]. Vaginal sonographic
hydrotubation initially developed by infusing warm
saline transcervically in to the uterine cavity and
detecting fluid in the pouch of Douglas by transvaginal
ultrasound (TVS), indicating patency of at least one
Fallopian tube [9]. Evaluate individual tubes during
TVS is difficult without an ultrasound contrast medium.
Initially, injection of saline followed by injection of air
and detecting passage of air bubbles through the
Fallopian tubes was used. Few studies has evaluated
this technigue with laparoscopy [10].
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A newer technique was developed known as
hysterosalpingo contrast sonography (HyCoSy) which
uses an ultrasound contrast medium (Echovist®200)
instead of saline to visualize tubes during the same
procedure. Several groups have compared HyCoSy
screening with either hysterosalpingography or
laparoscopy and from these studies; the sensitivity was
in the region of 47-90% and specificity 87-100% [11-
13].

The effective radiation dose from conventional
hysterosalpingogram(HSG) is about 1 mSv, which is
about 10 times the normal chest X ray (0.1 mSv ) [14].
Nobel laureate best known for his work on the
physiological and genetic effects of radiation (X-ray
mutagenesis), Muller H. J. stated his views regarding
irradiation of the gonads ‘all doses, no matter how
small, must be considered as carrying some risk of
producing mutation’[15]. In Sri Lanka, many hospitals
do not have all the protective gear for the person who
performs HSG. There is an increased risk of developing
cataract if protective eyewear is not worn by persons
who are exposed to x-rays frequently [16]. Contrast
allergies to iodine compounds are possible in this
procedure especially in patients with a history of
anaphylaxis [17].

HyCoSyUsing a size 8 Foley catheter and
agitated saline this cost can be reduced significantly
making this technique feasible to use in a limited
resources setup. Chenia et al [18] compared this method
with HSG and only 15 cases were compared with
laparoscopy and dye test, a drawback that the
investigators themselves acknowledged. Thus to test the
accuracy of this method confidently it should be
compared with the gold standard test.

Use of agitated saline to enhance echogenecity in
ultrasonography is not a new concept. It was first
described in the late 1960s [19]. Cardiologists use it
frequently during echocardiography to confirm the
presence of persistence foramen ovale (PFO) in adults
(Bubble Study). In this procedure, they inject agitated
saline to a peripheral wvein and perform
echocardiography [20]. Since this procedure has been in
use for the last forty years its safety is well established.
Injection of saline or other solutes to uterine cavity for
diagnostic and therapeutic purposes are widely used.
HSG, laparoscopic dye test and saline hydrotubation are
few examples [21]. Thus, use of agitated saline for
sonographic hydrotubation can be considered safe.

The present work is aimed to determine the
diagnostic  accuracy of  wvaginal  sonographic
hydrotubation using agitated saline as a screening test
for tubal patency along to describe the other pathologies
detected during vaginal sonographic hydrotubation and
to determine the acceptability of vaginal sonographic
hydrotubation in patients.

EXPERIMENTAL SECTION

Study population & its recruitment

The study was performed on forty-two
subfertile women who were admitted to the ward for
laparoscopy and dye test as planned from the clinic. The
study was conducted at two institutions Unit 3,
Teaching Hospital Mahamodara- Galle from September
2009 to April 2010 (12 patients), and Professorial Unit,
National Hospital Colombo from May 2010 to April
2011(30 patients). Informed written consent was
obtained from all study subjects. Patients with vaginal
and/or cervical discharge other than physiological
discharge at the time of procedure (3 patients), patients
with evidence or suspicion of candidiasis or any other
vulval, vaginal and cervical infections (4 patients),
patients in whom pregnancy could not be excluded with
certainty (1 patient) and patients in whom speculum
examination could not be performed due to pain (2
patients) were excluded from the study.

Procedure of vaginal sonographic hydrotubation
using agitated saline.

The procedure done at the first half of the
cycle. Amoxicillin 500mg and metronidazole 400mg
stat dose given prior to procedure and no analgesic
medication given. Patients were kept on the dorsal
position. Cusco’s speculum examination of the vaginal
wall and cervix was done to exclude any
contraindication for the procedure.

After disinfecting the wvagina and cervix with
chlorhexidin, Size 8 Foleys catheter with a semi-rigid
introducer (Figure 1) was inserted into uterine cavity
transcervically using a sponge forcep. In case of
difficulty of insertion, the cervix was grasped with a
tenaculum to straighten the cervical canal and the
catheter was re introduced. Then the stylet was removed
and the balloon filled with 1.5ml to 2ml of sterile water.
If the inflation of the balloon was painful, the balloon
was deflated and then slowly inflated again. The
placement of the balloon towards the internal os of the
cervical canal was secured with gentle traction, which
was maintained throughout the procedure. Next the
speculum was taken off and 6Hz vaginal ultrasound
probe was inserted and the correct position catheter was
confirmed (Figure 2). During the initial scan the uterine
position, endometrial thickness and morphology as well
as ovarian morphology were noted. Then 5ml of saline
injected through the Foley catheter and to visualize the
shape of the uterine cavity and any other abnormalities
(Figure 3). 20ml syringe containing 10ml of saline and
10ml of air will be shaken vigorously to make micro
bubbles (Figure 4) immediately prior to injection. This
mixture injected through the catheter slowly taking care
to tilt the syringe downwards to avoid injection of air.
The micro-bubbles produce bright scintillating echoes
on ultrasound scan and which become easily visible as
they pass through the tubes (Figure 5).
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The patency of the uterine tube was examined by
observing the passage of agitated saline through the
tube. Each tube was examined separately and traced to
the peri-ovarian space for the appearance of air bubbles
into the peritoneal cavity. The tube considered patent
only if the flow of air bubbles was seen at the distal end
of the tube (Figure 6). If necessary, the procedure was
repeated to exclude tubal spasm. If the repeated
injections gave similar results, the tube was considered
occluded. Collection of saline solution into the pouch of
Douglas was also noted (Figure 7).

After tubal patency evaluation, the balloon was
deflated and the catheter removed. Findings were
documented in the data collection sheet and the clinic
record book but not in the BHT to conceal the findings
from the person who is doing laparoscopy and dye test.
The patients were asked to monitor signs of pelvic
infection and to contact the author if such occurred.

Diagnostic Laparoscopy and Dye test.

Most patients underwent laparoscopy and dye
test the following day as planned earlier but two
patients the surgery was postponed due to unavailability
of theatre time and was done on a later date.
Laparoscopy and chromotubation was performed under
general anesthesia by a different operator other than the
investigator who performed the sonography test and
was ignorant of the findings. Methylene blue injection
through a cone-shaped adapter fixed tightly to the
external os of cervix with a tenaculum was used for
chromotubation during laparoscopy. Tube considered
patent only after demonstration of spilling of dye from
frimbrial end by the operator. The findings were
documented as usual.

Ethical considerations

Ethical Clearance for the study obtained from
the Ethics Review Committee of National Hospital
Colombo.

Data Analysis
Data were analyzed Epilnfo version 3.5.3.

RESULTS

Characteristics of the study population

The study population comprised 42 subfertile
women. Overall, the mean (SD) age was 31.95 (3.8)
years, with a range of 24-39 years. Mean (SD) duration
of infertility was 2.98 (1.9) years, range 1-10 years.
Subfertility was reported as primary and secondary by
38 (90.5%) and 4 (9.5%), respectively. Age distribution
of study subjects with regards to type of subfertility is
shown in figure 1.

A unilateral or bilateral tubal occlusion was observed
in seven patients by laparoscopy and chromotubation
(Table 1).

Tubal factor subfertility in this study population was six
(15.7%) in primary subfertility group and one (25%) in
secondary subfertility group (Table 1).

Value of vaginal sonographic hydrotubation using
agitated saline as a screening test

42 patients were studied by both methods.
Thus, altogether 84 uterine tubes were examined.
(Table2). Saline sonographic hydrotubation (SSH)
showed patency in 64 (76.2%) tubes and laparoscopy in
73 (86.9%) tubes (Table 2). When there were equivocal
findings by either test the patency of the doubtful tube
considered to be occluded. The findings of both
methods agreed in 71 out of 84 tubes (concordance,
84.5%). The tubal patency found in 64 tubes by SSH
was confirmed by laparoscopy in 62 tubes (positive
predictive value, 96.8%). Tubal occlusion found in 20
tubes by SSH was confirmed by laparoscopy only in 9
tubes (negative predictive value, 45.0%). There were
eleven false positive and two false negative findings.
There were thirteen tubes where there was disagreement
with laparoscopy findings (Table 2). The sensitivity of
SSH in diagnosing tubal patency was 84.9% and the
specificity 81.8% (Table 3). The likelihood ratio for
open tubes was 4.67; the pretest probability for tubal
patency was 86% and posttest probability 96% (Table
4).

Detection of other pathologies during saline
sonography and laparoscopy.

SSH revealed two patients with sub-mucosal
fibroids distorting the cavity, which were not detected
at the time of laparoscopy. Two other patients detected
to have multiple fibroids and one patient with large
fundal fibroid during SSH were confirmed by
laparoscopy.

There were five patients with bilateral

polycystic ovaries detected during SSH and were
suspected in laparoscopy by the appearance and
increase size of the ovaries.
Six patients were diagnosed to have mild to severe
endometriosis out of which two patients had significant
adhesions and were treated during laparoscopy. These
were not detected during SSH. One patient who was
detected to have a left side endometrioma at the time of
SSH was confirmed and treated during laparoscopy
(Figure 9).

One patient with bilateral tubal occlusion had
evidence of pelvic inflammatory disease with
significant adhesions during laparoscopy.

Procedure related complication

The insertion of the Foley catheter into the
uterine cavity was successful in all cases. Use of a
tenaculum to straighten the cervical canal was needed
only for a handful (6 patients) of patients. Frequently,
only 5-10 ml of agitated saline solution was required to
demonstrate the patency of the tube. Two patients, one
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with bilateral tubal occlusion and the other with distal complained of significant pain needing analgesics.
end tubal occlusion complained of moderate to severe None had infective complications during the study
pain during the procedure and were given analgesics for period.

pain relief after the procedure. Other patients did not

Table 1. Number of patients with tubal occlusion as diagnosed by laparoscopy and chromotubation according to
the type of subfertility.

Type of Subfertility

Tubal Patency Primary (%) Secondary (%)
Both tubes patent 32(84%) 3(75%)
One tube patent 3(0.7%) 0(0%)
Both tubes block 3(0.7%) 1(25%)
Total 38 4

Table 2 Laparoscopic findings in 13 tubes for which the saline sonography findings were different.

No of Patients No of tubes Saline sonography Laparoscopy findings
findings
2 2 Both tubes Patent Unilateral occlusion
5 5 Unilateral occlusion Both tubes patent
3 6 Bilateral occlusion Both tubes patent

Table 3 Accuracy of saline sonographic hydrotubation in diagnosing tubal patency*
Laparoscopy and chromopertubation

Saline sonography Patent Not Patent Total
Patent 62 2 64
Not Patent 11 9 20
Total 73 11 84
Sensitivity = 62/ (62+11) x100% = 84.93%  PPV'= 62/ (62+2) x100% = 96.88%
Specificity = 9/ (9+2) x100% = 81.82% NPV3=9/ (9+11) x100% = 45.0%

Overall concordance = 71/84 x 100% = 84.52%
* All numbers refer to number of uterine tubes; "PPV=Positive Predictive Value for tubal patency;
SNPV= Negative Predictive Value for tubal non patency

Table 4 Diagnostic validity of saline sonographic hydrotubation in assessment of tubal patency studied by using
the likelihood ratio and posttest probability

Likelihood ratio = Sensitivity = 84.93 = 4.6
1-Specificity 100-81.82
Pretest probability = Disease positive = 73 = 0.86
Total Patients 84
Pretest odds = Pretest probability = 0.86 = 6.14
1-Pretest probability 1-0.86
Posttest odds = Pretest odd x Likelihood ratio = 6.14x4.6 = 28.25
Posttest probability = Posttest odds = 28.25 = 0.96
1+Posttest odds 1+28.25
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Figure 9. Endometrioma detected during procedure

DISCUSSION

Subfertility is a commonly encountered
problem in modern gynaecological practice. With more
women, delaying their pregnancies and advancing age
of first pregnancy will compound this problem further
[22]. In our study, more than 70% were above 30years
of age and more than 30% were above 35 years of age.

Even though the proportion of patients with tubal
disease (Primary — 15.7% and Secondary — 25%) were
somewhat similar to reported prevalence of tubal
disease in primary(15 — 20%) and secondary (30-40%)
subfertility(2), prevalence of tubal disease in our study
cannot be compared due to limited number of patients
studied.

Value of vaginal sonographic hydrotubation using
agitated saline as a screening test

In the initial workup of women with
subfertility, establishing patency of Fallopian tubes is
necessary before embarking on further management.
Until recently, the assessment of tubal patency in the
primary care setup was done by HSG. In recent years,
use of ultrasonography in this context is becoming
popular.

In our study by using agitated saline as an
ultrasound contrast medium, concordance was 84.5%
with laparoscopy. This is comparable to the only study
which used agitated saline as the contrast medium done
in South Africa by Cenia et al. [18]. They reported a
concordance of 85% with HSG. In their study only 15
cases were compared with laparoscopy thus
concordance to laparoscopy was not given.

The other studies which used saline followed
by air injection to visualize Fallopian tubes with TVS,
had concordance of 83% to 89% with laparoscopy [23-
27].

In our study the positive predictive value for
tubal patency was high (96.8%), whereas the accuracy
in finding out tubal occlusion was lower (negative
predictive value 45%). This indicates that vaginal

sonographic hydrotubation using agitated saline as a
contrast medium is a reliable method to find a patent
tube. The high sensitivity (84.9%) and specificity
(81.8%) of the method in diagnosing tubal patency
obtained in the present study also support the role of
this method as a reliable screening test to assess tubal
patency.

In order to further validate the usefulness of
sonosalpingography in the diagnostic work-up of
infertility, the likelihood-ratio(LR) for tubal patency
was calculated. Conceptually, LRs are among the most
complicated characteristics of a diagnostic test [28].

LR is a semiquantative measure of the
performance of diagnostic test, which indicates how
much a diagnostic procedure modifies the probability of
the disease. LRs assist in putting the value of testing in
proper perspective. LRs are not affected by the
prevalence of the disease in the population studied. The
likelihood of a positive test result (LR+) indicates the
likelihood of abnormal test result in a patient with the
disease, over the likelihood of an abnormal test result in
a patient without the disease . The likelihood of a
negative test result (LR-) indicates the likelihood of a
normal test result in a patient with the disease, over the
likelihood of a normal test result in a patient without the
disease. Calculation of LRs yields a score that allows
categorization of test results: an LR+ of 2-5 indicates a
fair clinical test, 5-10 is good, and >10 is excellent. An
LR- of 0.5-0.2 indicates a fair clinical test, 0.2-0.1 is
good, and <0.1 is excellent [29].The LR+ ratio obtained
in our study 4.67 is close to the value 5, which is
generally accepted value for clinical application. The
LR- value of 0.18 indicates it’s a fair clinical test.

In the present study, we used this value to calculate
the posttest probability, which indicates by how much
SSH will increase the pretest probability of tubal
patency. The pretest probability obtained, 86%, was
increased by SSH — a posttest probability of 96% in
case of a normal finding.

Detection of other pathologies during saline
sonography

Using ultrasound scan gives an added
advantage of detecting uterine pathologies which may
contribute to subfertility, which cannot be detected by
HSG [30]. Diagnosis of uterine cavity abnormalities by
saline infusion sonography (SIS) is well established[
31-32]. The method we studied, gives an opportunity to
examine the uterus, the cavity and both ovaries at the
time of screening for tubal patency. This allows for a
better understanding of the problem of subfertility in the
woman being investigated. We detected two cases of
sub-mucosal fibroids distorting the cavity, one case of
endometrioma, several cases of bilateral polycystic
ovaries during SSH. The laparoscopy did not detect the
two cases of sub-mucosal fibroid.
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Ayida and coworkers [8] have recently
suggested that laparoscopy and chromotubation have no
place as a primary test for tubal patency in a ‘non-
complicated’ patient (i.e. a patient without a history of
pelvic inflammatory disease (PID), endometriosis or
genital tract anomaly). The odds of finding fertility
related pathology by laparoscopy in these patients are
relatively low [33]. Accordingly, in our material, mild
to severe endometriosis was detected in six patients out
of 42 and peri-tubal adhesions due to PID in one
patient. These were not detected during SSH. No other
pathological findings relevant to fertility were detected
by laparoscopy in the present study. Laparoscopy is
costly and carries potential risks associated with surgery
and general anesthesia [34]. There are reports of more
experienced sonographers identifying peri-tubal
pathologies during SSH making it even more a useful
test compared to HSG [31, 35, 36].

Procedure related complication

Insertion of Foley catheter in to the uterine
cavity was successful in all our subjects. By using
tenaculum to straighten the cervical canal, the relative
difficulty experienced in inserting the Foley catheter in
Six patients was easily overcome.

Only two patients experienced significant pain
during the procedure requiring medication. This closely
parallels previously reported incidences of pain during
the procedure [11, 26]. Mild pelvic discomfort was
reported by many patients during the insertion of the
catheter or injection of agitated saline, but this did not
result in discontinuation of the procedure. Patient
compliance to sonosalpingography has been reported to
be better than to HSG [37, 38].

There is always the potential to introduce
infection into the upper genital tract when instruments
are passed through the cervix [39]. The risk of infection
is difficult to quantify. The UK multicentre study [40]
in 1995 did not identify any case of infection in 98
recruits who were not given prophylactic antibiotics. It
seems probable that the risk is less than 1%.
Nevertheless, risk of iatrogenic pelvic inflammatory
disease in women with subfertility can be life long. The
Royal College of Obstetricians and Gynaecologists now
recommends the use of prophylactic antibiotics for all
such procedures [41] and SSH is no exception. Some
investigators have used prophylactic antibiotics
immediately after SSH [42] and others have not used
any antibiotic prophylaxis, but did not have infectious
complications [26]. In our study, all study subjects
received prophylactic antibiotics prior to procedure and
no infectious complications were recorded during the
study period.

Other complications reported during SSH are
vasovagal attacks, nausea and pain [11].

Limitation

SSH will not demonstrate pelvic adhesions
which do not result in tubal occlusion, or endometriosis
which does not result in cyst formation. It must also be
accepted that a few cases of tubal disease will be missed
even though the false-negative rate is low.

Reasonably good ultrasound scan machine
with a transvaginal probe is a necessity for performing
SSH confidently and reliably. Many peripheral units in
a developing country like Sri Lanka lack this facility.
Nevertheless, many centres treating patients with
subfertility are currently equipped with a good scan
machine making adaptation of this method feasible.

Another major drawback of SSH is the time period
needed for training to be able to confidently assess the
tubal patency. The expertise required to interpret the
images seen at SSH is greater than that for either
laparoscopy or hysterosalpingography, where the end-
points are obvious. For a person with experience in
TVS the learning curve is shallow and will be able to
perform the test confidently in a short after about 5 -10
cases.

In this study, the limited number of patients
studied may have failed to recognize some of the rare
complications of the procedure and other limitations.

Conclusion

Our results confirm that vaginal sonographic
hydrotubation using agitated saline is a low cost,
reliable, safe and a comfortable method to assess tubal
patency and uterine cavity without special
instrumentation on an outpatient basis. The procedure is
relatively painless and does not need any medication
except prophylactic antibiotics.

In units where vaginal sonographic skills are
available, this method can be used to screen for tubal
patency after a short period of training. This will greatly
reduce the number of patients being exposed to X ray
and number of patients undergoing laparoscopy with
general anaesthesia unnecessarily.

The use of laparoscopy with appropriate
therapeutic measures taken during the same operation
can be reserved for patients with a history of
endometriosis or previous severe pelvic inflammatory
disease.
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