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Introduction

Pelvic cystic masses are a common gynecological disease 
with an incidence rate of approximately 7% worldwide (1). 
Surgery is the conventional method of treatment; however, 

it may cause severe trauma and pelvic adhesions. Although 

laparoscopy is a popular minimally invasive approach, it 

still requires anesthesia and can result in scarring, and 

these may not be acceptable for some women. Additionally, 
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with laparotomy and laparoscopic surgery, there is a risk 
of bleeding and damage to the ovarian artery, leading to 
adverse effects on ovarian function (2). Ultrasound-guided 
aspiration of pelvic cystic masses is another minimally 
invasive technique that has been widely used in recent 
years due to its ease of scheduling, reduced costs, and 
rapid recovery (3,4). Simple cysts (5), pelvic abscesses (6),  
hydrosalpinx in cases of infertility (7), and ovarian, 
endometrial cysts (8) are the most common indications. 
Unfortunately, ultrasound-guided aspiration can be 
complicated by the risk of unwanted needle displacement 
and damage to the cyst wall. If patients are given ethanol 
sclerotherapy following aspiration, such complications may 
result in hardening agent leakage into the pelvis. Also, the 
time-consuming and mechanized operation can be a burden 
to physicians (9). These problems have limited the clinical 
application of ultrasound-guided aspiration in the treatment 
of pelvic cystic masses. In recent decades, minimally invasive 
therapy in pelvic diseases treatment has been regarded as an 
efficient diagnostic and alternative therapeutic procedure 
(10,11). However, to the best of our knowledge, few studies 
have examined the use of auxiliary devices for ultrasound-
guided aspiration in the treatment of pelvic cystic masses.

The viscosity of cystic masses is a major consideration 
in using auxiliary devices during the aspiration procedure. 
Much research has been conducted examining the 
relationship between the cyst content’s viscosity and the 
successful treatment of cysts (12). Depending on the 
cystic fluid contents, different types of cysts (such as 
simple ovarian cysts, pelvic abscess, and parcel effusions) 
have different viscosity, which may impact the aspiration 
procedure. In this report, the best fit viscosity of the cyst 
model was investigated. For example, ovarian, endometrial 
cysts are the most common pelvic cystic masses and have a 
high viscosity. Since this cyst’s main content is hematocele, 
a concentration similar to blood viscosity was selected as the 
cyst model for ovarian, endometrial cysts. 

A convenience auxiliary device was developed for 
ultrasound-guided aspiration in treating pelvic cystic 
masses. By using the device, the influence of artificial factors 
was reduced. The operation time was also shortened, which 
reduced the working intensity of doctors. The auxiliary 
device was combined with a negative pressure aspirator, 
a pressurized infusion bag, and a three-way valve. The 
pressurized infusion bag is a convenient and safe necessity 
for clinical emergency treatment.

Moreover, some studies advocate the application of 
pressurized infusion bags, except in cases of transfusions. 

For example, Dewaele et al. used a pressurized infusion 
bag to enforce rinsing and then increased the head model’s 
pressure to simulated high intracranial pressure (13). 
This device is simple and relatively easy to popularize. 
Furthermore, combined with the viscosity test, simulation 
tests were applied to compare our device's advantages with 
the traditional manual puncture technique.

Methods

Equipment and supplies

The ultrasound-guided aspiration auxiliary device consisted 
of a YB-DX23D negative pressure aspirator (SMAF, 
Shanghai, China), a pressurized infusion bag with a pressure 
range of 0–300 mmHg, and a three-way valve. Voluson 
S8 (GE Healthcare, Wauwatosa, USA) with a transducer 
of RIC5-9W-RS (3.9–8.0 MHz) was used for imaging. 
Other supplies included physiological saline, coupling 
agent, syringes (5 mL and 30 mL), disposable infusion 
sets, condoms, rubber balloons, dressing boxes, follicular 
puncture needles (17 G), and infusion stands (180 cm). A 
5 mL syringe was connected to the hose connector of the 
negative pressure aspirator. A disposable infusion set was 
connected to the physiological saline bag (100 mL) used for 
flushing. Finally, the three-way valve was used to form the 
device by connecting the two parts mentioned above.

Modeling

An empty box filled with coupling agent was regarded 
as the pelvic cavity. The coupling agent, at different 
concentrations, was used with physiological saline to 
simulate cysts of different viscosities. The blood viscosity 
of 5 mm2/s at 25 ℃ was selected as the highest viscosity, 
and this concentration was halved to generate the 
medium viscosity model. This resulted in coupling agent 
concentrations of 2.33% and 4.65%. After 24 hours, 50 mL 
of physiological saline, 2.33% coupling agent, and 4.65% 
coupling agent was filled into separate balloons. There were 
30 balloons in each group, 15 in the experimental sub-group 
and 15 in the control sub-group. The equipment, phantom 
model, and cyst models are shown in Figure 1.

Velocity test

Pressure, ranging from 0.02–0.095 MPa, was used to 
aspirate physiological saline, the 2.33% coupling agent 
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Figure 1 The auxiliary device for ultrasound-guided aspiration in the treatment of pelvic cystic masses. (A) The negative pressure aspirator. 
(B) The three-way valve. (C) The pressurized infusion bag and physiological saline bag. (D) The phantom consisted of the puncture groove, 
puncture frame, and transvaginal probe. (E) The cyst models with different viscosities.
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solution, and the 4.65% coupling agent solution. The 
suction times were recorded. Meanwhile, physiological 
saline was infused under pressure (20–300 mmHg), and the 
infusion times were recorded. The following calculation 
formula was used: Flow rate = volume/time (mL/s).

Phantom test

Contrast tests were applied to evaluate the application 
of the auxiliary device. In the experimental group, the 
auxiliary device was used, and in the control group, manual 
aspiration was performed using a syringe. The experimental 
and control groups were carried out by three people, the 
probe holder, the operator, and the assistant. The job of the 
probe holders was to support the probe. 

In the control group, the pelvic cyst models were placed 
in the assistant's puncture groove, and the operator quickly 
punctured the pelvic cyst model under the guidance of 

ultrasound. The needle was connected to a 30 mL syringe 
to aspirate the fluid inside the cyst model; then, the cyst wall 
was washed with 60 mL physiological saline. The assistant 
was responsible for the transmission of physiological saline. 

In the experimental group, the pelvic cyst models were 
also placed in the assistant’s puncture groove, and 60 mL 
physiological saline was injected into the bag. The assistant 
adjusted the pressure of the infusion pressure bag and the 
negative pressure attractor. The operator then connected the 
puncture needle to the auxiliary device and quickly punctured 
the pelvic cyst model. The cyst fluid was aspirated with a 
negative pressure of 0.08 MPa. Due to the cysts’ deformation 
during aspiration, the puncture needle’s position was adjusted 
appropriately to avoid the destruction of the cyst wall. When 
there was about 5–10 mL cyst fluid remaining, the operator 
adjusted the three-way valve and infused the cyst model with 
physiological saline. The infusion pressure was controlled at 
140–160 mmHg. The above suction was repeated until the 
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physiological saline was depleted. The time of aspiration, 
time of fluid injection, the washing time, and the operation 
time were recorded. The steps involved in the whole 
procedure are shown in Figure 2.

Statistical analysis

Flow rate data were processed with the PASW Statistics 
18 software using scatter plots. Contrast test results were 
analyzed using the SPSS17.0 statistical software. One-
way analysis of variance, Kruskal-Wallis, Mann-Whitney, 
independent sample t-tests, and chi-square tests was used to 
analyze the significance of the differences, and P<0.05 was 
considered statistically significant.

Results

Experiment conditions

In these experiments, the cyst model’s viscosity with a 
concentration of 4.65% was relatively close to the average 

viscosity of blood (5.00 mm2/s) at 25 ℃ (Table 1). Also, the 
closer the pressure was to the limit negative pressure, the 
smaller the increase in flow rate. According to the three cyst 
models’ aspiration time and flow rate curve with different 
viscosities, the appropriate suction pressure range was 
approximately 0.05–0.08 MPa.

Aspiration velocity 

In the presence of the auxiliary device, increasing fluid 
viscosity in the cyst models resulted in increased aspiration 
time and decreased average flow rate (Table 2). In all 3 cyst 
models, the rate of decrease in aspiration time and the rate 
of increased flow velocity were significantly hampered at the 
threshold values of 0.055 MPa, 0.050 MPa, and 0.075 MPa 
(Figure 3).

Fluid injection rate

When the pressure was raised to 140 mmHg and above, the 

Figure 2 The procedure of ultrasound-guided aspiration using the auxiliary device. (A) The pelvic cyst model before operation (arrow shows 
the cyst wall). (B) Puncture needle was inserted into the cyst model (arrow shows the puncture needle). (C) Cyst fluid was aspirated. (the 
thick arrow shows the needle point, and the thin arrow shows the collapsed cyst wall). (D) The infusion pressure was applied to flush the cyst 
model (Thick arrow shows the needle point, and the thin arrow shows a bubble inside the cyst model).
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Table 1 The viscosities of the coupling agents (25 ℃)

Concentration of the 
cyst model (g/mL)

Average time (s) Viscosities (mm2/s)

0.0588 3,132 7.83

0.0571 2,892 7.23

0.0526 2,441 6.10

0.0500 2,263 5.66

0.0465 2,036 5.09

Table 2 Aspiration velocities of the auxiliary device under various 
conditions

Cyst content Average time (s)
Average flow  
rate (mL/s)

Physiological saline 32.11±11.65 1.70±0.46

2.33% coupling agent 34.47±16.42 1.67±0.54

4.65% coupling agent 71.13±42.82 0.92±0.41

Figure 3 The dynamic changes in aspiration time and flow rate with pressure. (A) The change in aspiration time with pressure in the 
physiological saline model. (B) The change of flow rate with pressure in the physiological saline model. (C) The change of aspiration time 
with pressure in the 2.33% coupling agent model. (D) The change of flow rate with pressure in the 2.33% coupling agent model. (E) The 
change of aspiration time with pressure in the 4.65% coupling agent model. (F) The change of flow rate with pressure in the 4.65% coupling 
agent model.
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rate of decrease in the injection time and the rate of increase 
in injection velocity were gradually diminished (Figure 4). 

The incidence rate of complications

The incidence rate of complications during the experimental 
procedure was assessed. During the aspiration, the control 
group separation of the syringe and the puncture needle 
occurred 4 times, and the needle stuck to the cyst wall on 
5 occasions. During the injection, unstable fixation of the 
syringe and the puncture needle occurred once. 

In the experimental group, both the aspiration and the 
injection procedures were performed successfully, except 
the needle was stuck to the cyst wall on 2 occasions. The 
difference in the incidence rate of total complications 
between the two treatment groups was statistically 
significant (P<0.05; Table 3).

The impact of different viscosities 

In both the experimental and control groups, the shortest 

aspiration time was observed in the physiological saline 
model and longest in the 4.65% coupling agent model 
(P<0.05). There were no significant differences between the 
two groups in terms of washing time (P>0.05). Tables 4,5  
lists the comparison of both groups with the different 
viscosity models.

Application performance of the auxiliary device

Regardless of the cyst content's viscosity, the aspiration 
times and operation times were shorter in the experimental 
group compared with the manual aspiration group (P<0.05). 
Washing time of the 2.33% coupling agent was shorter in 
the experimental group than the control group, while there 
was no significant difference between the two groups in the 
physiological saline model and the 4.64% coupling agent 
model (P>0.05; Tables 6-8). 

Discussion

Interdisciplinary integration has solved many problems 

Figure 4 The curve of injection time and injection flow rate with pressure. (A) The change of injection time with pressure. (B) The change 
of injection flow rate with pressure.
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Table 3 Complications of manual aspiration and auxiliary device

Indicators Manual aspiration (n=45) Auxiliary device (n=45) P value

Separation [n (%)] 4 (8.9) 0 (0) 0.125

Needle stuck to the cyst wall [n (%)] 5 (11.1) 2 (4.4) 0.431

Unstable fixation [n (%)] 1 (2.2)  0 (0) 1.000

Total [n (%)] 10 (22.2) 2 (4.4) 0.013*

*P<0.05.
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Table 4 Operation time of the different viscosity models using the auxiliary device

Indicators Physiological saline (s) 2.33% coupling agent (s) 4.65% coupling agent (s) P value

Aspiration time 42.07±1.12*Δ 55.13±1.39Δ 59.47±1.29* <0.01

Washing time 60.87±1.15 61.93±1.34 64.00±1.43 0.241

Operation time 102.93±1.35*Δ 117.07±1.82Δ 123.47±1.92* <0.01

*Compared with 2.33% coupling agent, P<0.05. ΔCompared with 4.64% coupling agent, P<0.05.

Table 5 Operation time of the different viscosity models using manual aspiration with a syringe

Indicators Physiological saline (s) 2.33% coupling agent (s) 4.65% coupling agent (s) P value

Aspiration timea 93*Δ 105Δ 111* <0.01

Washing timeb 64.40±2.07 65.87±1.24 67.60±1.37 0.377

Operation timeb 154.27±2.71*Δ 170.67±2.25Δ 178.67±1.65* <0.01
aThe data did not conform to a normal distribution (P<0.05), and the data are presented as mean (M). bThe data conformed to a normal 
distribution (P>0.05), and the variance was homogeneous. The data are presented as mean ± standard error (χ ± SE). *Compared with 2.33% 
coupling agent, P<0.05. △Compared with 4.64% coupling agent, P<0.05.

Table 6 Application performance of manual aspiration and the auxiliary device in the physiological saline model

Indicators Manual aspiration Auxiliary device P value

Aspiration timea 93 42 <0.01

Washing timeb 64.40±2.07 60.87±1.15 0.151

Operation timeb 154.27±2.71 102.93±1.35 <0.01
aThe data did not conform to a normal distribution (P<0.05), and the data are presented as mean (M). bThe data conformed to a normal 
distribution (P>0.05), and the variance was homogeneous. The data are presented as mean ± standard error.

Table 7 Application performance of manual aspiration and the auxiliary device in the 2.33% coupling agent model

Indicators Manual aspiration Auxiliary device P value

Aspiration time (s) 104.80±2.18 55.13±1.39 <0.01

Washing time (s) 65.87±1.24 61.93±1.34 0.040

Operation time (s) 170.67±2.25 117.07±1.82 <0.01

Table 8 Application performance of manual aspiration and the auxiliary device in the 4.65% coupling agent model

Indicators Manual aspiration Auxiliary device P value

Aspiration time (s) 111.07±1.98 59.47±1.29 <0.01

Washing time (s) 67.60±1.37 64.00±1.43 0.079

Operation time (s) 178.67±1.65 123.47±1.92 <0.01
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in the medical field (14). In this research, a convenience 
auxiliary device was developed for ultrasound-guided 
aspiration to treat pelvic cystic masses. The performance 
of this device was verified through phantom tests. The 
experimental results demonstrated that the auxiliary device 
had the features of a shorter operation time, definite needle 
fixation, and fewer complications. This simple device may 
eliminate many problems associated with manual aspirations 
during ultrasound-guided aspiration.

Clinically, negative pressure suction is applied during 
trans-ultrasound-guided puncture treatment of ovarian 
cysts, and the accepted pressure range is still controversial. 
The pressure depends on the viscosity of the capsule fluid. 
For cystic lesions with high viscosity, high negative pressure 
is generally used for suction. However, Suys E’s research 
results in other parts show that when the pressure is too 
high, the drainage tube will be blocked and the flow will 
drop to zero (15). Although pelvic cysts' fluid does not 
generally block the aspiration needle, it should be noted 
that with low viscosity, the needle tubing may easily become 
stuck to the cystic wall. This current investigation showed 
that the suction speed of the negative pressure decreased 
with increasing concentration. According to the suction 
time and velocity scatter curve, the appropriate suction 
pressure range was about 0.05–0.08 Mpa.

In the clinical application of the pressurized infusion bag 
for pelvic cyst, the infusion rate is related to the pressure 
of the pressurized infusion bag, the volume of liquid in 
the saline bag, the specification of the infusion tube, the 
height of the infusion bag, and the size and depth of the 
lesion. In this study, the scatter plot examining the infusion 
time and the flow rate of the fluid under different pressure 
of the pressurized infusion bag showed that pressure did 
not have a directly proportional relationship with flow 
rate. Instead, increasing pressure progressively reduced 
the flow rate increase, especially after a pressure point of 
140 mmHg. Therefore, we suggest that the appropriate 
infusion pressure range for the pressurized infusion bag is 
between 140–160 mmHg. In the same volume of liquid, 
the smaller the syringe’s volume, the more times suction is 
required. Clinically, a 20–30 mL syringe is typically used 
for cyst fluid aspiration. Since the cyst model volume was 
50 mL, the number of aspiration attempts, the number of 
times the needle is injected, and the number of times the 
syringe is connected to the puncture needle is much less for 
a 30 mL syringe compared to a 20 mL syringe. This will 
consequently reduce the operation time and the probability 
of puncture complications.

When using the auxiliary device, during the process of 
aspiration and washing, the operator only needs to adjust 
the puncture needle's position by ultrasound without 
force. This allows adjustments to the puncture needle's 
position in a timely and accurate manner to prevent the 
needle from sticking to the cyst wall or damaging the cyst 
wall. This reduces the risk of cyst rupture or leakage of 
the cyst fluid. Also, the operator can adjust the position of 
the puncture needle with one hand and support the probe 
with the other hand to temporarily replace the fixation of 
the ultrasonic probe to alleviate the fatigue of the probe 
holder and make the position of the puncture needle more 
stable. However, in the control group, the operator needs 
to fix the syringe's connection and the puncture needle 
with one hand while using the other hand for the suction, 
infusion, and flushing. In the process of fluid extraction, the 
hard suction of the capsule fluid may distract the operator's 
attention. Moreover, due to the need to repeatedly connect 
and disconnect the needle and the syringe, using the syringe 
for aspiration may lead to more errors.

In this study, the fluid viscosity of the cyst model impacted 
both treatment modes. The higher the fluid viscosity, the 
longer the aspiration time and the total operation time. 
There was no significant difference in the flushing time 
for different fluid viscosities. The higher the fluid viscosity, 
the greater the resistance during the suction process. In 
this study, the suction time was significantly shorter for the 
physiological saline model and longer for the 4.65% coupling 
agent model than the 2.33% coupling agent model. However, 
no significant differences were detected in the flushing 
time as the same volume of physiological saline was used 
for flushing in all three models. In the experimental group, 
the infusion pressure bag was used, and this required fewer 
procedural steps, but the process was slower.

In contrast, the syringe method was used in the control 
group, and this required more procedural steps, but the 
process was faster. Also, at the same fluid viscosity of the 
cyst model, the auxiliary device groups’ aspiration and 
total times were significantly shorter than those observed 
in the manual syringe group. The longer aspiration time 
experienced in the syringe group above is mainly due to 
the repetition of multi-procedural steps by human labor 
compared to the auxiliary device. The experimental group's 
operation time was shorter than that of the control group, 
suggesting that the auxiliary device method be more 
efficient in clinical practice.

Overall, these findings suggested that the auxiliary device 
is a safe, stable, and effective alternative treatment option 
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for pelvic cystic masses. García-Tejedor et al. (10) reported 
that the major and minor complications of interventional 
surgery included severe inflammatory diseases and 
hemoperitoneum. Using the auxiliary device can effectively 
reduce the incidences of such complications and shorten 
the operation time. This interventional treatment auxiliary 
device for pelvic cystic mass meets the basic design criteria 
of medical devices through experimental verification, 
namely safety, efficacy, stability, and flexibility. Compared 
with manual aspiration using a syringe, the use of this 
auxiliary device reduces the need for repeated multi-
procedural steps and does not require force, all of which 
make this auxiliary device an effective option in clinical 
practice.

There are still some limitations in this study. First, 
the pressurized infusion bag used in this study is not self-
adapting, and thus, the fluid infusion rate and volume must 
be carefully monitored in case of excessive infusion. Also, 
the pressure produced by the pressurized infusion bag was 
not as strong as that produced by a syringe, which resulted 
in less effective flushing. Furthermore, other factors such 
as cyst wall thickness and intracapsular septation have not 
been examined. Future research addressing these issues is 
warranted.

Conclusions

Ultrasound-guided aspiration is repeatable and minimally 
invasive for the treatment of pelvic cystic masses. However, 
refinements are necessary to improve stability and reduce 
the incidences of complications. The study identified the 
appropriate suction pressure range to be approximately 
0.05–0.08 Mpa. An auxiliary device was developed with 
the features of a shorter operation time, definite needle 
fixation, and fewer complications, all of which may lead 
to more stable and safer aspiration in patients with pelvic 
cysts. In addition to its application in clinical practice, 
this device and the models developed in this report can be 
used as a teaching tool for clinical skills training. Further 
clinical trials should be conducted in the future to study 
the influence of other factors on puncture stability and to 
verify the clinical reliability and practicability of auxiliary 
equipment. With further improvements, this auxiliary 
device has great clinical and teaching potential.
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