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ABSTRACT. The purpose of this study was to investigate the clinical 
value of the fluid bolus contrast flow meter during hysterosalpingography. 
Hysterosalpingography information of 342 cases, which included a 
manual handset group of 213 cases and a bolus instrument group of 
129 cases were reviewed. Comparative analysis was used to compare 
the two groups in order to assess the clinical adverse reactions, contrast 
agent reflux, and image quality. In the instrument bolus group compared 
with the manual handset group, the clinical adverse reactions decreased 
from 75.12 to 31.78% (P < 0.001); the backflow phenomenon of the 
contrast agent decreased from 13.62 to 3.10% (P < 0.01); and image 
quality significantly improved, with the A class film rate increasing 
from 54.46 to 68.99% (P < 0.01) and the C class film rate decreasing 
from 8.92 to 2.33% (P < 0.05). The use of a contrast bolus through 
the liquid inlet of the hysterosalpingography instrument can provide 
fully dynamic observation, reducing the contrast agent reflux and 
adverse reactions as well as improving the image quality and diagnostic 
accuracy. In addition, the medical staff is not subjected to radiographic 
radiation. Therefore, it is a safe and reliable imaging method.
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INTRODUCTION

Female sterility caused by tubal factors accounts for 23.7-35.7% of infertility (Shi 
et al., 2004), which may be induced by infection, endometriosis, pelvic surgery, trauma, etc. 
Hysterosalpingography (HSG) is the most common radiographic method for observing the 
anatomy and structure of the uterus and Fallopian tubes (Eng et al., 2007). For almost a cen-
tury, it has been a classic screening method for evaluating tubal function. HSG is conducted 
by the doctor manually pushing the contrast agent. The dose pressure and injection rate is con-
trolled from experience. However, the push injection has two shortcomings. Firstly, the whole 
dynamic observation cannot be conducted and the capture timing is not easy to control, which 
affects the quality of the radiographic image and the accuracy of the diagnosis. Secondly, the 
doctor was hurt for being exposed to a certain dose of radiographic radiation for a long period 
of time. In February 2013, our hospital purchased an imaging push fluid injection apparatus 
for HSG that has achieved good clinical results. The purpose of this study was to discuss 
and analyze the influence of the contrast medium counter-current, radiographic quality during 
HSG, and clinical adverse reactions.

MATERIAL AND METHODS

General information

From January 2011 to June 2013, 342 HSG patients at our hospital were divided into 
the manual handset and bolus instrument groups. There were 213 cases in the manual handset 
group (average age, 28.1 years), which included 91 cases of primary infertility and 122 cases 
of secondary infertility. This group was examined by a doctor using the direct bolus injection 
of contrast agent. There were 129 cases in the bolus injection device group (average age, 29.4 
years), which included 57 cases of primary infertility and 72 cases of secondary infertility. We 
used 10-20 mL contrast agent. For this group, the doctor in the control room (no radiographic 
radiation zone) used the tubal treatment device instead of injecting the contrast agent by hand.

Imaging methods

We used the 500 mA Siemens XG-510A gastrointestinal machine (Siemens Co., Ltd., 
Germany), letter IDS-1000 digital image processing workstation systems (Shanghai Science 
and Technology Co., Ltd., Shanghai, China), and ZY-23-D imaging fluid bolus instrument 
(Kunming SanDao Medical Equipment Co., Ltd., Kunming, China). The contrast agents 
selected were a non-ionic contrast medium iohexol injections, 20 mL/6 g/branch (Beijing 
Hokuriku Pharmaceutical Co., Ltd., Beijing, China). The ZY-23-D imaging instrument was used 
in the fluid bolus group according to the following process: 1) surgery was performed within 
3-7 days of a clear menstrual period; 2) sex was prohibited after the clean menstrual period; 3) 
the bladder was emptied before surgery; 4) routine gynecological examination was performed; 
5) those with acute pelvic inflammatory disease, vaginitis, and other contraindications were 
excluded; 6) 30 min before surgery, an intramuscular injection of atropine (0.5 mg) was 
administered for bladder lithotomy position and after routine disinfection of the balloon catheter 
placement; 7) 2-3 mL gas was injected into a tube to gently pull the balloon out, allowing it to 
close the cervix; 8) the bolus injection devices and balloon catheters were connected and 15 
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mL iohexol was extracted; 9) the doctor evacuated the operation room and went to the control 
room. The radiologists remotely administered the bolus injection using an automatic injection 
of 30% iohexol contrast agent around 15 mL according to the injection pressure and patient’s 
response to the regulated injection rate and bolus dose. The whole process was observed under 
fluoroscopic imaging and timely and accurate radiography; 10) timely and accurate records of 
the clinical response and intrauterine pressure changes were recorded; 11) shooting the pelvic 
diffusion film in about 25 min; 12) radiologists and the supervising physician read the complete 
diagnostic report and manually set the inspection process. For the bolus instrument group, the 
following steps were performed: 1-4) the same procedures were carried out from the manual 
handset group; 5) doctors wore lead aprons in the radiography room during the direct bolus 
injection of contrast agent and timely radiography; 6) 25 min of photographic pelvic diffusion 
film was recorded; and 7) a diagnostic report was written.

Statistical analysis

The chi-square test was used to analyze the data.

RESULTS

Clinical adverse reactions

Table 1 shows the manual handset group’s clinical adverse reactions, which included 
160 cases (75.12%), and there were 41 cases (31.78%) in the bolus injection instrument group. 
This was a statistically significant difference (χ2 = 62.27; P < 0.001). The abdominal pain/
bulge ratio was 33.33 and 12.40% in the manual handset and bolus instrument groups, respec-
tively, which was a statistically significant difference (χ2 = 18.56; P < 0.001). Nausea and vom-
iting in the manual handset and bolus injection groups were 22.07 and 10.08%, respectively, 
which was a statistically significant difference (χ2 = 7.98; P < 0.01). Headache and the dizzi-
ness phenomenon in the manual handset and bolus instrument groups were 19.72 and 9.30%, 
respectively, which was a statistically significant difference (χ2 = 5.56; P < 0.05).

Group Cases Reflux                              Adverse reaction

   Abdominal pain, bulge Nausea, vomiting Headache, dizziness Total

Handset 213 29 (13.62%) 71 (33.33%) 47 (22.07%)   42 (19.72%) 160 (75.12%)
Instrument 129 4 (3.10%) 16 (12.40%) 13 (10.08%) 12 (9.30%)   41 (31.78%)
χ2  10.61 18.56   7.98   5.56 62.27
P value  <0.01   <0.001 <0.01 <0.05   <0.001

Table 1. A comparison of the clinical adverse reactions and contrast agent reflux between the handset and bolus 
injection instrument groups.

Contrast agent reflux phenomenon

The contrast agent reflux occurred in 29 cases (13.62%) in the manual handset group 
and 4 cases (3.10%) in the bolus injection group. This was a statistically significant difference 
(χ2 = 10.61; P < 0.01).
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Image quality assessment

According to the radiography films, we divided HSG’s developing quality into three 
classes: A, B, and C. In the grade A films, the uterine cavity and Fallopian tube filling showed 
good contrasting images that appeared clear, and fine structures such as the mucosa, polyps, 
and others were displayed satisfactorily. In the grade B films, the uterine cavity and Fallopian 
tube filling showed good contrast but need to be clearer to meet the diagnostic requirements, 
and the fine structures were slightly unsatisfactory. In grade C films, insufficient contrast agent 
was injected into the uterine cavity so the Fallopian tube filling was poor due to poor contrast, 
and the fine structures were unclear, which affected the diagnosis. According to the above cri-
teria, the image quality (Table 2) between the manual handset group and the bolus instrument 
group was as follows: the rate of grade A films increased from 54.46 to 68.99%; and grade C 
films decreased from 8.92 to 2.33%. These findings were statistically significant (P < 0.05). 
The rate of grade B films decreased from 36.62 to 28.68%, which was not a statistically sig-
nificant difference (χ2 = 2.27, P > 0.05).

Group A grade B grade C grade Total

Handset 116 (54.46%) 78 (36.62%) 19 (8.92%) 213
Instrument   89 (68.99%) 37 (28.68%)   3 (2.33%) 129
χ2   7.07   2.27   6.18 
P value <0.01 >0.05 <0.05

Table 2. Comparison of the radiography film quality between the handset and bolus injection instrument groups.

DISCUSSION

With the recent increase in diseases such as chronic pelvic inflammation, intrauterine 
infection, and sexually transmitted diseases, the incidence of infertility caused by tubal factors 
is rising, and it has become a modern disease that should be monitored by medical workers. This 
method helps health care providers judge the degree of tubal patency and the site of obstruction 
as well as the adhesion condition of the fimbria according to the morphological changes of the 
fimbria and the dispersion of the contrast agent (Lavy et al., 2004; Lindheim et al., 2006). In 
addition, HSG has a certain therapeutic effect (Kaya et al., 2004; Luttjeboer et al., 2007).

HSG is widely used by clinicians or radiologists in the manual bolus injection of con-
trast agent, and physicians use their experience to control the speed of the contrast agent bolus 
and dose. Because of radiographic radiation, they often push a lot of contrast agent in a short 
amount of time, which can cause intrauterine pressure to rapidly increase and stimulation of 
the uterus, causing the Fallopian tubes to spasm. Hence, the illusion of a Fallopian tube ob-
struction can form. According to a report, HSG diagnosis of tubal obstruction and laparoscopy 
diagnosis found tubal patency; however, tubal spasm may be the main reason, and it occurs in 
the proximal tube (Hurd et al., 2003). Shah et al. (2005) showed that 16-80% of a single-side 
obstruction is a functional obstruction, and Roma et al. (2004) reported that due to low-stress 
tolerance, patients often have obstructions caused by tubal spasm, causing varying degrees 
of false positives. Thus, HSG tubal spasm is the cause of the false-positive rates (Preutthi-
pan and Linasmita, 2003). Uterus and Fallopian tube spasm inevitably lead to an increase in 
intrauterine pressure, which makes patients prone to reflux of contrast agent, nausea, vomit-
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ing, abdominal pain, exhaustion, and other clinical adverse reactions. Instead of performing 
bolus injections manually, this tubal instrument uses a computer that accurately controls the 
pressure and speed so that the bolus injection of the contrast agent is slowly and uniformly 
administered to ensure stable intrauterine pressures that slowly increase. Moreover, the patient 
can gradually adapt to the changes in pressure. Besides, contrast agent administered slowly 
through the Fallopian tubes into the pelvic cavity prevents irritation to the pelvic viscera, and 
the peritoneal is lighter. Thus, for the uterus, the tubal spasm probability is greatly reduced, 
and it also reduces the false positive that can be caused by tubal spasm as well as the clinical 
adverse reactions. Clinical adverse reactions were significantly reduced. The HSG contrast 
agent reflux phenomenon is a common phenomenon. It occurs when the uterus and Fallopian 
tubes have an organic disease that causes increased vascular fragility. However, the increased 
permeability caused by human factors, such as contrast agents, makes the pressure too high 
and too fast, causing reflux (Peng et al., 2012). When the tubal treatment device was used 
instead of performing bolus of contrast agent for inspection, bolus injection pressure is low, 
slow, and it sets the maximum safe injection pressure at 50 kPa. When the intrauterine pressure 
safety injection pressure is reached, the injection is automatically stopped, and the statistical 
results show that the phenomenon of contrast agent counter-current decreased from 13.62 to 
3.10%. There is a statistically significant difference between the two (P < 0.001); thus, using 
a tubal instrument instead of performing a bolus injection of contrast agent can reduce human 
factors. Some scholars believe that with a metal tube through artificial injection of contrast 
agent, the instrument can easy cause endometrial damage, especially in patients with hyper-
flexion of the uterus, which can counter the phenomenon of increasing contrast agent (Dai 
et al., 2012). In this study, disposable uterine balloon catheter angiography was used in the 
manual handset and bolus instrument groups. Ricci et al. (2007) believe that compared with 
other instruments, the balloon catheter in the uterine tubal infertility check play an irreplace-
able role. Dessole et al. (2001) studied four different balloon catheters and compared them. 
Their findings showed that the different balloon catheter in terms of reliability, ease of use, and 
contrast agent had no statistical significance. Currently, balloon catheter HSG has been widely 
used (Boudghène et al., 2001; Prefumo et al., 2002). However, since the presence of the bal-
loon and the balloon catheter tip increases the block area, the display cannot completely show 
the uterine cavity and cervix. Hence, performing HSG using a balloon catheter for cervical 
lesions and some endometrial lesions is effective (Dessole et al., 2001; Chen et al., 2011), yet 
it increases the false positives (Roma Dalfó et al., 2004). In the future, further investigations 
on the position of the balloon catheter tip, balloon size, and the size of the relationship between 
intrauterine pressures are warranted.

With regard to the contrast agent selection, the effects of the ideal contrast agents 
should be good and the incidence of the side effects should be low (Chalazonitis et al., 2009). 
Water-soluble contrast agents, especially for the non-ionic water-soluble contrast agents such 
as iohexol, etc., gradually replace the iodized oil. Non-ionic water-soluble contrast agents 
have been used in angiography, and there are fewer severe complications even when the con-
trast agents flowed into the blood vessels. These are widely used in clinical practice (Johnson 
et al., 2004). Therefore, we adopted the iohexol contrast agents.

British state-run good clinic practice diagnosis and treatment guidelines recommend 
that oviduct imaging should be under the perspective of dynamic observation (National 
Collaborating Centre for Women’s and Children Health, 2004). When HSG is manually 
conducted, because of the high pressure and high speed of the manual push injection as well 
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as the low viscosity and good fluidity of iohexol, especially in the case of tubal patency, a large 
number of contrast agents easily flow into the pelvic cavity in a short time. Overlap of the 
uterus and Fallopian tubes occurs, which causes misdiagnosis and difficulty in observing subtle 
changes in the uterus. It is difficult to view the fimbria accurately if there is a contrast agent 
outflow and oviduct morphological change. In addition, since the contrast agent’s diffusion 
time is short, the capture timing is not easy to control, which can lead to subjective timing of 
the photographs. The display of the uterus and Fallopian tubes is not good in these cases, and 
sometimes, valuable images can be missed and the quality of radiography is lacking.

The manual handset group relied on conventional static film reading, which will cause a 
certain degree of missed diagnoses and misdiagnoses (Simpson Jr. et al., 2006). Using ZY-23-D 
imaging fluid bolus instrument, the contrast agent injection is remotely controlled by a doctor, 
and the pushing injection speed is slow, well distributed, and stable. The intrauterine pressure 
rises slowly, and the continuous and dynamic observation can be realized under the whole imag-
ing process. One can leisurely and accurately control the timing of radiography. Subsequently, 
the image quality is greatly improved; the rate of the grade a film went from 54.46 to 68.99%, 
and the rate of the grade C class film decreased from 8.92 to 2.33%, which was statistically 
significant (P < 0.05; Table 2). Because of the continuous dynamic acquisition of photographed 
images in a relatively short period of time (i.e., as the uterus Fallopian tube fills and undergoes 
a dynamic change process), one can accurately observe the early filling of the uterine cavity by 
contrast agents. It can clearly show the uterine anomaly and improve the diagnosis of endome-
trial polyps and uterine anomalies. Conducting a comprehensive dynamic observation for the 
process of filling the Fallopian tubes and dispersing contrast agent into the pelvis, can accurately 
diagnose whether the fimbriated extremity of the Fallopian was blocked. This can reduce the 
false-positive diagnosis and improve the diagnostic rate (Salata et al., 2003; Zheng et al., 2011).

When HSG is conducted by hand, although the doctor conducting the operation is wear-
ing lead clothes near the platform, the bulb tube is located above the examination bed and the 
radiographic radiation dose is large, and the medical personnel will no doubt be subjected to ra-
diographic radiation. In addition to diagnostic accuracy, these safety issues must be considered. 
Using the imaging push fluid injection apparatus, instead of artificial angiography examination, 
allows the medical staff to push the contrast agent injection at a remote compartment. Therefore, 
the medical staff does not need to be directly exposed to the radiographic irradiation, and the 
imaging examination becomes an easy procedure (Chalazonitis et al., 2009; Lu, 2011).

Using a pushing instrument for HSG can improve the diagnostic accuracy and image 
quality. In addition, it can reduce the incidence rate of missed diagnoses and misdiagnoses, 
reduce the phenomena of contrast agent upstream, and reduce some adverse reactions such as 
nausea, vomiting, and abdominal pain. Lastly, the medical personnel can avoid radiographic ra-
diation. Overall, it is a safe and reliable imaging examination method to use in clinical practice.
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