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INTRODUCTION
Transvaginal real-time three-dimensional hys-

terosalpingo-contrast sonography (TVS RT-3D-Hy-
CoSy) has the advantages of non-radiation and 
non-invasion. At present, it could be easily accept-
ed by infertility patients, when compared to tra-
ditional lipiodol oviduct radiography, and has be-
come a new method to check for tubal patency.1 In 
recent years, several multi-center studies at home 
and abroad have revealed that, compared with 

the gold standard, TVS RT-3D-HyCoSy has better 
consistency in the diagnosis of tubal patency2-4. 
However, the misdiagnosis rate continues to bring 
some difficulties in clinic practice.5 In the present 
study, misdiagnosed cases of TVS RT-3D-HyCoSy 
were analyzed in order to determine the causes 
of misdiagnosis, and improve the diagnostic effi-
ciency of TVS RT-3D-HyCoSy in evaluating tubal 
patency.

SUMMARY

OBJECTIVE: This study aims to investigate the causes of misdiagnosis in assessing tubal patency by transvaginal real-time three-dimen-
sional hysterosalpingo-contrast sonography (TVS RT-3D-HyCoSy), in order to improve the diagnostic efficiency of TVS RT-3D-HyCoSy.

METHODS: A total of 162 oviducts of 83 infertility patients were examined by TVS RT-3D-HyCoSy. These results were compared with 
the gold standard for laparoscopic dye studies, and the misdiagnosed cases were analyzed.

RESULTS: TVS RT-3D-HyCoSy revealed that 68 oviducts were unobstructed and 94 obstructed. The results for the 144 oviducts were 
in line with the gold standard, while those for 18 oviducts were not. The accuracy rate of the TVS RT-3D-HyCoSy was 88.9%, and the 
misdiagnosis rate was 11.1%. The main causes of misdiagnosis included contrast medium countercurrent and diffusion, oviduct spasm, 
abnormal shape or position of the oviduct, pelvic adhesion, and poor imaging operation.

CONCLUSION: TVS RT-3D-HyCoSy can well-evaluate tubal patency, and understand and improve the cause of misdiagnosis. Further-
more, the diagnostic efficiency of TVS RT-3D-HyCoSy can still be further improved.
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RESULTS
TVS RT-3D-HyCoSy results
Among these 83 infertility patients, 15 were di-

agnosed with patency of bilateral oviducts by TVS 
RT-3D-HyCoSy, 29 were diagnosed with obstruction 
of bilateral oviducts, 35 had patency in one side and 
obstruction on the other side (Figures 1A and 1B), and 
four patients had only one oviduct due to a previous 
operation for ectopic pregnancy, among which three 
oviducts were unobstructed, and one was obstruct-
ed. Therefore, among these 162 oviducts, 68 oviducts 
were unobstructed, and 94 were obstructed.

Comparison of the TVS RT-3D-HyCoSy and 
laparoscopic dye study results
With the results of the laparoscopic dye stud-

ies as the gold standard, the accuracy rate of TVS 
RT-3D-HyCoSy in diagnosing tubal patency was 
88.9% (144/162), and the misdiagnosis rate was 11.1% 
(18/162). Furthermore, the sensitivity of diagnosing 
oviduct obstruction was 89.6% (86/96), the positive 
predictive value was 91.5% (86/94), the specificity of 
diagnosing tubal patency was 87.9% (58/66), and the 
negative predictive value was 85.3% (58/68). The ac-
curacy of TVS RT-3D-HyCoSy was similar to that of 
these laparoscopic dye studies, the difference was 
not statistically significant, and the consistency be-
tween these two was good (Table 1).

METHODS
Clinical data
A total of 83 infertility patients (162 oviducts), 

who underwent TVS RT-3D-HyCoSy from April 2015 
to April 2017 in our hospital, were included in the 
present study. Among these patients, 31 had prima-
ry infertility, while 52 had secondary infertility. The 
age of these patients ranged between 23-45 years 
old, with an average age of 31.4 ± 5.7 years old. The 
course of infertility ranged from 1-9 years, with an 
average of 3.9 ± 2.1 years. The selected infertility 
patients were examined at 3-7 days after the flow of 
the menstrual cycle, when they provided a signed 
informed consent and met the indications of the ovi-
duct ultrasound contrast examination.

TVS RT-3D-HyCoSy inspection methods
The GE Voluson E8 ultrasonic diagnostic apparatus 

was used, and Bracco SonoVue was the contrast agent 
used. Five ml of normal saline was infused and oscil-
lated to mix. Then, a 2-ml suspension was obtained, 
added with normal saline, and prepared into a 20-ml 
diluent for future use. An intramuscular injection of 
0.5 mg of atropine was given before radiography. Af-
ter intrauterine catheterization, the real-time three-di-
mensional imaging mode was started, and the con-
trast medium was slowly and uniformly injected into 
the catheter. The distribution of the contrast medium 
in the uterus, oviduct, pelvic cavity, and surrounding 
areas of the nests was observed, and the images were 
preserved. Afterward, three- and two-dimensional ra-
diography images and three-dimensional volume im-
ages of the uterus were acquired. Then, the preserved 
images were processed. According to the image re-
sults, the patients were classified into two types based 
on tubal patency: unobstructed and obstructed. All in-
fertility patients underwent the gold standard laparo-
scopic dye study after TVS RT-3D-HyCoSy. Then, the 
accuracy and misdiagnosis rate of TVS RT-3D-HyCoSy 
in assessing tubal patency was drawn, and the misdi-
agnosed cases were analyzed.

Statistical analysis
Data were statistically analyzed using SPSS 19.0 

statistical software. Measurement data were ex-
pressed as mean ± standard deviation (x ± SD), and 
compared between different groups using the Chi-
square test. P<0.05 was considered statistically sig-
nificant. The consistency of the test results was ana-
lyzed using the Kappa value.

TABLE 1. COMPARISON OF THE TVS RT-3D-HYCOSY 
AND LAPAROSCOPIC DYE STUDY RESULTS

TVS RT-3D-HyCoSy Laparoscopic Total

unobstructed obstructed
unobstructed 58 10 68
obstructed 8 86 94
Total 66 96 162

Note: P=0.815, κ=0.771

TABLE 2. CAUSES OF MISDIAGNOSIS

Results Causes n
False  
positive

contrast medium countercurrent and diffusion 2
oviduct spasm 2
abnormal shape or position of the oviduct 3
poor imaging operation 1

False 
negative

contrast medium countercurrent and diffusion 4
oviduct hydrops 2
contralateral contrast medium diffused to the 
affected side

2

pelvic adhesion 2
Total 18
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FIGURE 1A. TVS RT-3D-HyCoSy reveals that the left oviduct is unobstructed, and the right oviduct is obstructed.
FIGURE 1B. The laparoscopic surgery revealed that the left oviduct fimbria has an outflow of methylene blue, the right oviduct 
was conglutinated, and no outflow of methylene blue was found on the oviduct fimbria.
FIGURE 1C. The TVS RT-3D-HyCoSy revealed that that right oviduct is unobstructed, and contrast agent countercurrent was 
found on the left side of the uterus.
FIGURE 1D. The laparoscopic surgery revealed that the right oviduct fimbria had an outflow of methylene blue, while the left 
oviduct fimbria had no outflow of Meilan, but blue staining beside the uterus could be observed.

Causes of misdiagnosis
The TVS RT-3D-HyCoSy results were false neg-

ative in eight oviducts and false positive in 10 (Fig-
ures 1C and 1D). The specific reasons are presented 
in Table 2.

DISCUSSION

In the present study, the advantages of TVS 
RT-3D-HyCoSy were fully verified. This method is 
safe, accurate, simple, easy to operate, noninvasive, 
has no radiation or impact on pregnancy, is a new 
and ideal method to check tubal patency, and has 
been well accepted by doctors and patients. Further-
more, TVS RT-3D-HyCoSy is a better examination 
technique for infertile women in the field of assisted 
reproductive technology, even expected to replace 
traditional lipiodol radiography, and is suitable for 

wider clinical promotion.6 However, the present 
study revealed that approximately 30% of images ac-
quired by TVS RT-3D-HyCoSy were poor in quality, 
and some of these even affected the analysis of re-
sults. Furthermore, the patency of 11.1% of oviducts 
(18 oviducts) was not consistent with the real results, 
causing excessive laparoscopic surgery induced by 
false-positive results, or delayed surgery and preg-
nancy induced by false-negative results. This brings 
some perplexity and interference in clinic practice.

TVS RT-3D-HyCoSy can automatically display the 
three-dimensional shape of the oviduct in real-time. 
The tubal patency is mainly determined by the shape 
of the oviducts after radiography. Indeed, it must 
be combined with other factors, including the resis-
tance of the bolus injection of contrast agent and the 
situations of the outflow of the contrast agent from 
the oviduct fimbria, especially the contrast agent 
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surrounding the ipsilateral ovary.7,8 Therefore, the 
quality of oviduct images by TVS RT-3D-HyCoSy is 
the key to determine tubal patency.9 The present 
study revealed that the quality of the image was 
closely correlated to the situation in the pelvic cavity 
of the patient. In patients with a history of pelvic or 
intrauterine surgery, patients with pelvic adhesions 
or pelvic endometriosis, and patients with secondary 
infertility, the proportion of poor image quality was 
relatively high. Among the causes of misdiagnosis, 
the proportion of countercurrent and diffusion of the 
contrast agent was the highest. The countercurrent 
and diffusion of the contrast agent would conceal the 
image of the oviduct. Furthermore, a small amount 
of concealment can be distinguished based on expe-
rience, while excessive interference of the contrast 
agent would make the image complex. Moreover, it 
would sometimes be difficult to find the true oviduct, 
or it would be difficult to determine whether there 
was any outflow of contrast agent from the oviduct. 
TVS RT-3D-HyCoSy can retain the whole video show-
ing the moment when the contrast agent flows into 
the uterine cavity until it outward flows to the pelvic 
cavity. However, the countercurrent and dispersion 
of the contrast agents also appear in this process. Al-
though it can be identified and excluded by playback, 
there is still a situation in which there is no way to 
distinguish the oviduct after the interference. Hence, 
the real oviduct could not be found, or the counter-
current of the contrast agent is regarded as an ovi-
duct, leading to a false positive. A previous study 
revealed that the countercurrent is correlated to the 
thickness of the endometrium, the timing of radiog-
raphy, and the history of pelvic operation. Choosing 
the right time for radiography and reducing the dam-
age to the endometrium caused by radiography can 
reduce but not completely avoid the occurrence of 
countercurrent.10 If image interference is obvious, 
the pelvic cavity can also be scanned by energy or 
color Doppler ultrasound, in which injection imaging 
is performed again after blasting the contrast agent 
microbubbles.11

Abnormal shape or position of the oviduct itself 
is also a common cause of misdiagnosis. Pelvic ad-
hesions can induce the oviduct to be lifted, or cause 
excessive distortion and a complex image of the ovi-
duct.12 The oviduct is pulled by the lateral adhesion to 
change the original distributions, the outflow of con-
trast agent from the oviduct fimbria can flow to the 
periphery of the contralateral ovary, and adhesion 

can make the distal oviduct to go beyond the scope of 
scanning, making it difficult to distinguish whether 
the distal oviduct is unobstructed or obstructed. In a 
two-dimensional ultrasound examination, the topo-
graphical relationship of the ovary and uterus can 
roughly predict the distribution of the oviduct. The 
results of the present study revealed that when the 
ovary was tightly attached to the uterus, the oviduct 
would also be close to the uterus, making it difficult 
to identify. If the patient has uterine fibroids and ovar-
ian cysts that pushes the oviduct, it can also change 
the normal distribution of the oviduct, making the 
image difficult to be recognized13. Furthermore, the 
outflow of the contrast agent from the oviduct fim-
bria is sometimes not distributed along the periph-
ery of the ipsilateral ovary, affecting the judgment of 
the results. When the uterus is in its middle position, 
the proximal oviduct would be far in the three-dimen-
sional space image, and the proximal oviduct would 
be thinner. Therefore, when the oviduct is in the mid-
dle position, the image of the proximal oviduct is not 
well-displayed; that is, the starting point is not clear. 
This affects the search for the distal oviduct, which 
can easily lead to errors. The median uterus can be 
turned into the anterior or posterior uterus by press-
ing the abdomen or shaking the probe, and an exam-
ination would be conducted again. When the oviduct 
is longer, the image of the outflow of the contrast 
agent from the distal oviduct is not collected, and 
it would be mistaken as an obstruction in the distal 
end. Therefore, in radiography, it is necessary to in-
crease the acquisition frame appropriately and con-
comitantly keep both the uterine horn and bilateral 
ovary in the acquisition frame in order to allow the 
full length of the oviduct to be observed. When the 
oviduct presents hydrops, the accumulation of the 
contrast agent in the distal end would sometimes be 
regarded as an outflow of the contrast agent from the 
oviduct fimbria, causing a false negative. In patients 
with uterine malformation, especially those with 
complete double horns or mediastinum, the contrast 
tube can only be inserted into one side of the uterus. 
Furthermore, intrauterine adhesions make the uter-
ine cavity narrow and even cause the opening of the 
oviduct to be blocked. This causes the contrast agent 
to fail to flow smoothly into the oviduct, leading to 
misdiagnosis. Therefore, attention should be given to 
the three-dimensional ultrasound examination of the 
uterine cavity shape.14

Unreasonable operation during radiography 
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would also cause misdiagnosis.15 When the balloon 
is filled and becomes too large, or the position of the 
balloon is too high, the resistance of the bolus injec-
tion of contrast agent would be increased, and the 
contrast agent would not be able to flow outward 
smoothly. This situation would be mistaken as ob-
structed oviduct. When the contrast tube inserted 
into the uterine cavity is on the side of the uterine 
horn, there would be a difference in the time when 
the contrast agent flows outward from the bilateral 
oviducts. If the time interval is too long, it would be 
mistaken as an obstruction of the contralateral ovi-
duct. The results of the present study revealed that 
these factors could be corrected by changing the size 
and location of the balloon. In radiography, attention 
should be given to the situation of the contrast agent 
reflux. If the inside of the cervix is loose, especially 
in the multipara, and when reflux occurs, intrauter-
ine pressure would not be enough, and the amount of 
contrast agent entering into oviduct decreases. This 
would easily lead to a misdiagnosis. This can be cor-
rected by tightening the contrast tube or enlarging 
the balloon, allowing it to be plugged to the cervical 
intraoral cavity. This way, it can allow the contrast 
agent to enter the oviduct smoothly, obtaining the 
correct results. The diameter of the contrast agent 
particles is equal to that of red blood cells, so a very 
fine oviduct can allow the contrast agent to enter.16 
Therefore, when the internal oviduct is narrow, but 
not completely occluded, there would be a small 
amount of contrast agent entering the oviduct, and 
an unobstructed result may be obtained. However, in 
clinic practice, such oviducts are fine, stiff, and dys-

functional. In addition, when oviduct spasm occurs, 
the contrast agent cannot temporarily pass through 
the oviduct, leading to a false-positive result. Spasms 
are correlated to tension or pain of the patient.17 In 
operation, the incidence of spasms can be reduced 
by soothing the patient or delaying the bolus injec-
tion of the contrast agent for a short period of time. 
Slight adhesion of the oviduct or the accumulation of 
endometrial debris at the opening of the oviduct may 
hinder the contrast agent from passing through at 
the beginning. The pressurizing bolus injection of the 
contrast agent can sometimes remove interference, 
making the oviduct unobstructed.

In summary, through the analysis of misdiag-
nosed cases, the researchers consider that some 
causes for misdiagnosis of TVS RT-3D-HyCoSy can 
be avoided, while some are very difficult to avoid. Pa-
tients with poor image quality still need doctors with 
some experience to process the images and deter-
mine the results. Furthermore, understanding and 
improving the cause of misdiagnosis can improve the 
diagnostic performance of TVS RT-3D-HyCoSy.

Conflicts of interest
All authors have contributed significantly to the 

manuscript and declare that the work is original 
and has not been submitted or published elsewhere. 
None of the authors have any financial disclosure or 
conflict of interest.

Funding
This study was supported by the Capital health 

development research project [No.2014-4-2115]

RESUMO

OBJETIVO: Este estudo tem como objetivo investigar as causas do diagnóstico equivocado na avaliação da patência tubária por meio 
da ultrassonografia de contraste histerosalpingo em tempo real transvaginal (TVS RT-3D-HyCoSy), a fim de melhorar a eficiência 
diagnóstica das TVS RT-3D-HyCoSy.

MÉTODOS: Um total de 162 ovidutos em 83 pacientes da infertilidade foi examinado por TVS RT-3D-HyCoSy. Esses resultados foram 
comparados com o padrão ouro para estudos de tintura laparoscópica, e os casos diagnosticados erroneamente foram analisados.

RESULTADOS: TVS RT-3D-HyCoSy revelaram que 68 ovidutos foram desobstruídos e 94 ovidutos foram obstruídos. Os resultados para 
os 144 ovidutos estavam em consonância com o padrão ouro, enquanto que aqueles para os 18 ovidutos, não. A taxa de acurácia do 
TVS RT-3D-HyCoSy foi de 88,9%, e a taxa de erro de diagnóstico foi de 11,1%. As principais causas de erro de diagnóstico incluíram 
contraponto e difusão do meio de contraste, espasmo do oviduto, forma ou posição anormal do oviduto, adesão pélvica e má operação 
de imagem.

CONCLUSÃO: TVS RT-3D-HyCoSy pode bem avaliar a patência tubária, e compreender e melhorar a causa do erro de diagnóstico. Além 
disso, a eficiência diagnóstica do TVS RT-3D-HyCoSy ainda pode ser melhorada.

PALAVRAS-CHAVE: Histerossalpingografia. Infertilidade. Técnicas de diagnóstico obstétrico e ginecológico. Erros de diagnóstico.
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