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an hysterosalpingo-contrast sonography replace
ysterosalpingography in confirming tubal blockage
fter hysteroscopic sterilization and in the evaluation
f the uterus and tubes in infertile patients?

anielle E. Luciano, MD; Caterina Exacoustos, MD; D. Alan Johns, MD; Anthony A. Luciano, MD
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BJECTIVE: The objective of the study was to assess the accuracy
f hysterosalpingo-contrast sonography (HyCoSy) in establishing
ubal patency or blockage and evaluating the uterine cavity by com-
aring it with hysteroscopy laparoscopy (HLC) or hysterosalpingog-
aphy (HSG).

TUDY DESIGN: This study was a chart review evaluating infertility
atients and patients who had undergone hysteroscopic sterilization
ho underwent both HyCoSy and HLC or HyCoSy and HSG at private
ffices associated with university hospitals. Sensitivity, specificity,
ositive predictive value, and negative predictive value of HyCoSy
lockage after hysteroscopic sterilization and in the evaluation of the uterus and tub
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ESULTS: HyCoSy compared with HLC had a sensitivity of 97% and
pecificity of 82%, and HyCoSy compared with HSG was 100% concor-
ant. Uterine cavities evaluated by sonohysterography and hysteros-
opy were 100% concordant.

ONCLUSION: HyCoSy is accurate in determining tubal patency and
valuating the uterine cavity, suggesting it could supplant HSG not only
s the first-line diagnostic test in an infertility workup but also in con-
rming tubal blockage after hysteroscopic sterilization.

ey words: chromopertubation, hysterosalpingo-contrast

ere calculated. sonography, hysterosalpingogram, infertility, tubal sterilization

ite this article as: Luciano DE, Exacoustos C, Johns DA, et al. Can hysterosalpingo-contrast sonography replace hysterosalpingography in confirming tubal

es in infertile patients? Am J Obstet Gynecol 2011;204:79.e1-5.
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he evaluation of the fallopian tubes
and the endometrial cavity is an es-

ential part of the infertility workup.
urrently this is done either by hysterosal-
ingography (HSG) or at the time of hys-
eroscopy and laparoscopy with chro-

opertubation (HLC). HLC is considered
he gold standard for assessing the integrity
f the uterine cavity and for establishing
ubal status. It allows the physician to diag-
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ose and treat the problem. When com-
ared with HLC, HSG has been reported
o have a sensitivity of 72-85% and a spec-
ficity of 68-89% in diagnosing tubal pa-
ency.1,2,3 HSG is also currently required to
onfirm tubal blockage 3 months after hys-
eroscopic tubal sterilization.

Hysterosalpingo-contrast sonography
HyCoSy) uses positive ultrasound-en-
ancing contrast media with transvaginal
ltrasound to assess the status of the fallo-
ian tubes, as well as the uterine cavity, by
eans of conventional sonohysterogra-

hy. It can be performed in the gynecolo-
ist’s office, in which it is more convenient
or the patient and the gynecologist. Initial
tudies used air and saline as the contrast
gent, with or without Doppler, but fur-
her studies began using ultrasound-dedi-
ated contrast media. The air bubbles and
icrobubbles of these first-generation

gents diffuse very quickly, leading to a
hort duration of visualization of the con-
rast fluid, making the test more difficult
nd requiring greater operator experience
o obtain consistently reliable results.

Second-generation agents, such as So-

xafluoride; Bracco S

JANUARY 2011 Ameri
nternational BV, Amsterdam, The Neth-
rlands) and Definity (MRX-115, per-
utren lipid microspheres; Bristol Myers-
quibb Medical Imaging, North Billerica,
A), use gases with less diffusibility and

olubility and have a longer duration of vi-
ualization, allowing for easier evaluation
f the tubal course.4 However, bowel gas
nd hyperechoic signals coming from pel-
ic organs may interfere with the signals
rom these newer contrast media.

To minimize interference from other
elvic organs, a special ultrasound soft-
are (contrast-tuned imaging [CnTI] Bio-

ound ESAOTE, Indianapolis, IN), which
icks up only the sound waves from the
ontrast medium and ignores surrounding
tructures, has been developed. With the
nTI technology, the course of the con-

rast fluid is followed as a white band in a
lack background flowing from the endo-
etrial cavity into the fallopian tubes and

he dark peritoneal cavity. Although CnTI
echnology is not required to perform Hy-
oSy, it has been shown to have better
ccuracy in determining tubal patency.
owever, in a previous study using
onovue, only small numbers of tubes

can Journal of Obstetrics & Gynecology 79.e1
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ere evaluated by both HyCoSy and HLC,
nd less accuracy on tubal occlusion was
eported.5 Although Sonovue is not ap-
roved by the Food and Drug Administra-

FIGURE 1
HyCoSy demonstrating tubal paten

, Right tubal patency. B, Bilateral tubal blockag
yCoSy, hysterosalpingo-contrast sonography.

uciano. Hysterosalpingo-contrast sonography to evaluate tu
ion (FDA) for use in the United States, a c

9.e2 American Journal of Obstetrics & Gynecolog
imilar contrast media, Definity, is FDA
pproved and currently indicated for in-
ravenous infusion during echocardiog-
aphy, although it is not currently indi-

and tubal blockage

llowing hysteroscopic sterilization.

atency. Am J Obstet Gynecol 2011.
ated for HyCoSy. t

y JANUARY 2011
The aim of this study was to assess the
ccuracy of HyCoSy using CnTI technol-
gy and Definity contrast media in the
valuation of the fallopian tubes and the
ndometrial cavity by comparing it with
LC or HSG.

ATERIALS AND METHODS
ollowing the introduction of HyCoSy
nd CnTI technology in the 2 US centers
Center for Fertility and Women’s
ealth, New Britain, CT, and the Uni-

ersity of Texas Southwestern Medical
enter, Fort Worth, TX), data were col-

ected on all patients (200) who under-
ent HyCoSy from July 2007 through
ecember 2009. Both US centers are ac-

redited by the American Institute of Ul-
rasound in Medicine.

Patients were included in this study if
hey had a HyCoSy as part of an infertility
valuation and then had either an HSG or
n HLC (if surgery was indicated for the
reatment of endometriosis, pelvic adhe-
ions, uterine malformations, or fibroids).

Patients who were scheduled for HSG,
o confirm tubal blockage after hystero-
copic tubal sterilization, were consented
o undergo a HyCoSy, as well as an HSG.
nstitutional review board approval was
btained at both institutions at which
hese procedures and this study were con-
ucted. The patients were not compen-
ated for their participation, and the costs
f the HyCoSy were offset by the clinic.
HyCoSy was performed as previously

escribed.1 Definity contrast media was
ctivated by agitation in a dental shaker for
5 seconds. One milliliter of Definity me-
ia was mixed with 9 mL of injectable ster-

le normal saline in a 10 mL syringe. After
leaning the patients’ cervix with betadine,
5 French HSG catheter (Rocket Medical,
ingham, MA) was placed inside the cer-

ix into the lower uterine cavity and the
atheter balloon was inflated.

Transvaginal ultrasound was per-
ormed using an EC1239-3 vaginal probe
n the Biosound ESAOTE Technos MPX
ltrasound machine to visualize the
terus, the ovaries, and the proper place-
ent of the HSG catheter. CnTI software
as activated while Definity solution was
eing injected through the catheter into
cy

e fo

bal p
he uterine cavity. The hyperechoic bub-
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les were visualized on the screen as they
lled the endometrial cavity and fol-

owed the course of the tubes from each
ornua, around the ipsilateral ovary, and
nto the peritoneal cavity when the tubes
ere patent. When the tubes were
locked, the contrast advanced to the
oint of blockage, as shown in Figure 1,
and B. When the tubal evaluation was

ompleted, the media were switched to
ormal saline, the balloon of the catheter
as deflated, and 10-30 mL of saline was

nfused to evaluate the uterine cavity in
he usual fashion of sonohysterography.

To minimize pelvic discomfort from

FIGURE 2
Laparoscopy chromopertubation, e

uciano. Hysterosalpingo-contrast sonography to evaluate tu
terine cramps, the patients were ad- t
ised to take 400 mg of ibuprofen 1-2
ours prior to the procedure.
During the hysteroscopy and lapa-

oscopy (HLC), the patients had a full
valuation of the uterine cavity, and
hromopertubation was performed
sing indigo carmine solution injected

hrough a Clear View uterine manipu-
ator (Clinical Innovations, Murray,

T). Endometriosis, adhesions, fi-
roids, and adnexal masses were then
reated and removed as indicated. Re-
ults of HLC were compared with Hy-
oSy, and representative photos con-
rming tubal patency or blockage were

blishing patency of right tube

atency. Am J Obstet Gynecol 2011.
aken (Figure 2). c

JANUARY 2011 Ameri
The HSG was performed by instilling Si-
ografin (diatrizoate meglumine and lodi-
amide meglumine injection; Bracco Di-
gnostics Inc, Princeton, NJ) into the
ndometrial cavity using a 5 French HSG
atheter (Rocket Medical) under fluoro-
copic visualization. Representative pho-
ographs were obtained, and the HSG
lms were reviewed by the radiologist and

hen compared with those obtained with
yCoSy.
Statistical analyses were conducted to

ssess whether the tubes found to be
atent or occluded by HyCoSy were also

ound to have the same status at laparo-
copic chromopertubation or at HSG.
aye’s theorem was used to evaluate the
iagnostic accuracy for tubal patency of
yCoSy. Sensitivity, specificity, accu-

acy, and negative and positive predic-
ive values were calculated. Comparison
etween hysteroscopic and sonohystero-
raphic findings was performed and
oncordance rate calculated.

ESULTS
n 62 patients, 121 tubes and 58 uterine
avities were evaluated by both HyCoSy
nd HLC. One patient had a unicornuate
teruswithonly1tube,and2patientswere
tatus postunilateral salpingectomy. Four
atients were undergoing tubal reanasto-
osis and did not have a hysteroscopy as

art of the procedure. At laparoscopy the
rimary diagnosis for 17 patients was en-
ometriosis, 16 patients had adhesive dis-
ase, and 3 patients had fibroids.

Thirty-six patients (72 tubes) were
valuated by HyCoSy and HSG for infer-
ility evaluation, and 15 patients (30
ubes) were evaluated by HyCoSy and
SG for tubal blockage following hyster-

scopic sterilization. The distribution of
atients undergoing HyCoSy, laparos-
opy chromopertubation (LC), hyster-
scopy, and HSG is depicted in the flow
hart of Figure 3.

Of the 121 tubes evaluated by both
yCoSy and HLC, 110 tubes were con-

ordant and 11 were not concordant
Table). At laparoscopic chromopertur-
ation 71 tubes were patent and 50 oc-
luded. The sensitivity and specificity for
yCoSy in determining tubal patency
sta

bal p
ompared with HLC were 97% and 82%,

can Journal of Obstetrics & Gynecology 79.e3
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espectively; the positive predictive value
PPV) was 88% and the negative predic-
ive value (NPV) was 95%. Nine tubes
ere seen as patent by HyCoSy but

howed occlusion at HLC because of ad-
esions in 2 cases and adherent fimbriae

n 2 cases. In the other 2 patients, chro-
opertubation was unable to be per-

ormed because of malfunctioning of the
terine manipulator.
Of the 102 tubes evaluated by both
yCoSy and HSG, 22 were patent and 30
ere occluded. For HSG and HyCoSy, all
02 tubes were concordant. Of the 15 pa-
ients who underwent tubal sterilization,
ll showed occluded tubes 3 months after

FIGURE 3
Flowchart of the diagnostic proced

72 tubes
patent
at HSG

30 tu
occlu
at HS

Hy

36 infertile pts
underwent 
also HSG

15 pts
sterili

72 tubes
evaluated by 

HyCoSy  and  HSG  

102 tubes
evaluated by 

HyCoSy  and  HSG  

lowchart of the diagnostic procedures performe
valuated by HyCoSy and HYS. Blue color indicate
YS before LC.
yCoSy, hysterosalpingo-contrast sonography; HSG, hysterosalpin

uciano. Hysterosalpingo-contrast sonography to evaluate tu
he procedure. t

9.e4 American Journal of Obstetrics & Gynecolog
Of the 58 uterine cavities evaluated
y sonohysterography and hysteros-
opy, all cavities were concordant. At
ysteroscopy the results on sonohys-
erography were confirmed; 35 pa-
ients had normal cavities, 14 had
ndometrial polyps, 2 had uterine syn-
chiae, 3 had submucosal fibroids, and
had uterine septa.
Two patients had minor vasovagal re-

ctions (dizziness and light headedness)
ollowing the HyCoSy that required

inimal supportive measures, including
ral intake of fluid and resting for 5-10
inutes in the supine position; their

ymptoms resolved. No allergic reac-

s

121 tube
evaluated

HyCoSy  and

71 tubes
patent
at LC

30 tubes
aluated by 
Sy  and  HSG  

113 pts
underwent

HyCoSy and SHG

th hysteroscopic
ion underwent 
lso HSG

our study population to evaluate the tubal patenc
atients evaluated by HyCoSy and LC. Pink color in

raphy; HYS, hysteroscopy; LC, laparoscopy with chromopertubati

atency. Am J Obstet Gynecol 2011.
ions to the contrast media were ob- p

y JANUARY 2011
erved. No untoward events occurred
uring any of the surgeries.

OMMENT
ur study shows that HyCoSy per-

ormed with Definity and CnTI has a
imilar sensitivity and specificity for
ubal patency as HSG, without the in-
onvenience and potential hazards of
SG, such as possible iodine-based sen-

itivity to the radiopaque dye and expo-
ure to radiation. HyCoSy can be per-
ormed in the gynecologist’s office, and
y using the ultrasound, a full evaluation
f the uterus, ovaries, and pelvis can be

58 infertile pts
underwent also HYS

before LC

58 uterine cavity
evaluated by SHG,
HYS, and histology

at HYS + histology:
35 normal cavities,

14 polyps
4 uterine septa

3 submucosal myomas
2 synechiae
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0 tubes
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efects can be identified and accurately
iagnosed as polyps, fibroids, or adhe-
ions rather than vague filling defects. By
upplanting HSG with HyCoSy, we
ould be in compliance with the recent

nitiative of the FDA to reduce unneces-
ary radiation exposure from computed
omography, nuclear medicine studies,
nd fluoroscopy.

The advantages of HyCoSy over HSG
n the evaluation of the infertile patients
re equally valid in the evaluation of pa-
ients following hysteroscopic steriliza-
ion. Currently in the United States, 2
evices are FDA approved for hystero-
copic sterilization, Essure (Conceptus
nc) and Adiana Permanent Contracep-
ion System (Hologic Inc). They both re-
uire confirmation of tubal blockage by
SG 3 months after sterilization.
Our data show excellent concordance

f HyCoSy with HSG in confirming
ubal blockage, but HyCoSy is more con-
enient for the patients and often less
ncomfortable. In a similar study to
urs, Connor reported excellent concor-
ance (31/33 tubes) between HyCoSy
nd HSG; in addition, her patients expe-
ienced less discomfort with the HyCoSy
nd expressed that “the confirmatory

TABLE
Accuracy of HyCoSy compared with

Acc

Variable HyC

62
........

121
...................................................................................................................

True positive 69
...................................................................................................................

False positive 9
...................................................................................................................

True negative 41
...................................................................................................................

False negative 2
...................................................................................................................

Prevalence patent tubes 59
...................................................................................................................

Sensitivity 97
...................................................................................................................

Specificity 82
...................................................................................................................

PPV 88
...................................................................................................................

NPV 95
...................................................................................................................

Accuracy 91
...................................................................................................................

HSG, hysterosalpingography; HyCoSy, hysterosalpingo-contras
ative predictive value; PPV, positive predictive value.

Luciano. Hysterosalpingo-contrast sonography to evaluat
est performed by their gynecologist in d
he familiar office setting was preferable
o the one performed by an unfamiliar
hysician in radiology.”6

Of the 700,000 tubal sterilizations per-
ormed in the United States annually if,
s predicted, most of them will switch to
ysteroscopic sterilization, the use of
yCoSy instead of HSG will significantly

educe unnecessary radiation exposure
o women, as well as reduce costs.

Another innovation that was studied
nd applied in this study was CnTI tech-
ology, which allows for better visualiza-

ion of the tubes by eliminating the
choes from other pelvic organs and
tructures. Although CnTI software is
ot essential for performing HyCoSy, it
akes HyCoSy an easier diagnostic test

hat can be successfully performed by
ess experienced sonographers. When
ompared with HLC, which is consid-
red the gold standard test for tubal pa-
ency, our study demonstrated that Hy-
oSy has a high sensitivity in evaluating

ubal patency; however, specificity and
PV were lower because of the 9 cases
ith false-positive results.
The fact that contrast fluid passage in

he tube was observed during HyCoSy
nd not during HLC can be explained by

C and HSG

cy for tubal patency

y vs LC HyCoSy vs HSG

tients 51 patients
.................................................................................................................

bes 102 tubes
..................................................................................................................

72
..................................................................................................................

0
..................................................................................................................

30
..................................................................................................................

0
..................................................................................................................

71%
..................................................................................................................

100%
..................................................................................................................

100%
..................................................................................................................

100%
..................................................................................................................

100%
..................................................................................................................

100%
..................................................................................................................

ography; LC, laparoscopy chromopertubation; NPV, neg-

al patency. Am J Obstet Gynecol 2011.
istal tubal blockage and by spillage in 2

JANUARY 2011 Ameri
he cavity around the ovaries from the
ontralateral tube. A tubal spasm during
hromoperturbation also because of
revious hysteroscopic procedures,
owever, can not be totally excluded. In
omparison with previous studies, we
re more accurate in evaluating tubal oc-
lusions, with an NPV of 95% and 100%
or both study groups.

The high concordance of sonohyster-
graphy and hysteroscopy obtained in
his study confirmed the value of this test
n the evaluation of uterine cavity, re-
ucing time, costs, and discomfort for
he patients.

In conclusion, HyCoSy with CnTI
echnology and Definity as the con-
rast media, is as accurate and as reliable as
SG in the evaluation of the endometrial

avity and in establishing tubal patency or
lockage. When compared with HLC, Hy-
oSy is similarly reliable in the evaluation
f the uterine cavity and fallopian tubes.
he high accuracy of HyCoSy shown in

his study suggests that it may supplant
SG not only as the first-line diagnostic

est in the infertility workup but also in
onfirming tubal blockage after hystero-
copic sterilization. f
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