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Introduction: This prospective study aimed to assess the effectiveness of a Y-shape connection device in reducing pain and bleeding in pediatric patients with indwelling catheters during urodynamic studies (UDS), while also obtaining effective results in the filling phase.



Methods: A total of 45 pediatric patients with a mean age of 13 years were included, all of whom underwent both a UDS with the Y-shape connection device (Method A) and a standard UDS procedure (Method B).



Results: The Y-shape connection device demonstrated similar overall urodynamic parameters compared to the standard procedure, while also resulting in significantly less bleeding (P = 0.006) and lower VAS scores during (1.12 ± 0.58 vs. 3.88 ± 1.01, P = 0.001) and after (0.12 ± 0.08 vs 2.91 ± 0.89, P = 0.001) the procedure. No adverse events were reported at the 1-month follow-up.



Discussion: These findings suggest that the Y-shape connection device can effectively reduce pain and bleeding during and after UDS in pediatric patients with indwelling catheters (Dia = 8Fr), while also obtaining effective results in the filling phase. Therefore, this Y-shape connection device has a more significant value for children who require urodynamic studies and place more emphasis on filling phase parameters.



Clinical trial registration: ChiCTR2300068280.
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1. Introduction

Urodynamic studies (UDS) are reliable for assessing bladder and lower urinary tract (LUT) symptoms based on hydrodynamics and electrophysiology (1). UDS is widely used in urological diseases, especially in differentiating and diagnosing enuresis nocturia and neuropathic bladder caused by spinal meningocele and rachischisis (2). The classical UDS is well recognized as an invasive procedure in which the measurement catheter must be inserted into the bladder through the urethra to evaluate vesical pressure accurately (3). Most measurement catheters comprise medical polymer plastics with rigidity and characteristics similar to urinary tissue. The catheterization process might damage the urethra or bladder mucosa, leading to bleeding and plugging, particularly in patients with bladder outlet obstruction (BOO) and urethral stricture (4).

For patients with an indwelling catheter (e.g., neurogenic bladder, urinary retention, or post-operation), the medical staff must first remove the indwelling catheter, then put the urodynamic measurement catheter into the bladder via the urethra, and re-catheterize the patient after the procedure, thus undoubtedly increasing the risk of urethral damage, pain, urinary tract infections (UTIs) and decreasing patient satisfaction. It is well known that children are more sensitive to pain than adults, and the pain derived from this complicated process indeed leads to lower coordination and poor quality of test results, especially in children (3). Thus, looking for a method or equipment is imperative to obtain accurate, reliable clinical data and simultaneously avoid re-catheterization in these patients.

Based on the current understanding of urodynamic mechanisms and the relationship between urethral resistance, in our routine urodynamic studies, we typically use a measurement catheter with a diameter of 6Fr. However, in our routine clinical work, the minimum catheter diameter for catheterization is 8Fr, which differs from the 6Fr measurement catheter diameter commonly used during urodynamic studies. Although the diameter of the catheter may increase urethral resistance and potentially affect the measured parameters during the voiding phase, it may not have a significant impact on the measured parameters during the storage phase. Therefore, we directly utilized the patients' indwelling catheter (Dia = 8Fr) with a Y-shape connection device in vitro to connect the pump pipe and pressure transmission tube. As we mentioned before, we use the minimum diameter catheter (Dia = 8Fr), but it may also affect the resistant relationship during the voiding phase so that we may pay more attention to evaluate the filling phase parameters. The filling phase parameters include the maximum bladder test capacity (MCC), bladder feeling (BF), bladder compliance (BC), and detrusor overactive contraction (DO). These parameters are critical for us to explain the patients' storage symptoms. The purposes of this study were to introduce the Y-shape connection device and to evaluate whether it could relieve pain and discomfort, as well as we could obtain effective results, especially in the filling phase.



2. Methods and materials


2.1. Patients selection

The study was a prospective study. We included pediatric patients with an indwelling catheter who ran a UDS from January 2019 to January 2020 in the urodynamic center of West China Hospital. Children less than 18 years old with indwelling catheters (Dia = 8Fr) were included in this study. However, patients were excluded according to the following criteria: (1) acute urinary tract infection, (2) urethral stricture (3) patients with an indwelling catheter (Dia = 8Fr) bleed during UDS. The baseline information of selected patients is shown in Table 1. After obtaining ethical approval (#2019187) from West China Hospital of Si Chuan university for this study, patients and their guardians were contacted and subsequently volunteered to undergo follow-up (Figure 1).


TABLE 1 Baseline information of selected children.
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FIGURE 1
Flow chart of screening patients for UDS.




2.2. Y-shape connection device

We have acquired a patent issued by the National Patent Office of China (NO. 201820007769. X) for the Y-shape connection device currently used in our clinical practice. The Y-shape connection device is a three-way tube with three connectors (Figure 2). All valves are open during the UDS working process. The first connector (Figure 2A) is a common channel for introducing liquids and measuring intravesical pressure; the second connector (Figure 2B) is connected to the bladder pressure measurement tube, and the third connector (Figure 2C) is linked to the water pump tube. We employed the patients' indwelling catheter as a channel to connect the pump tube and pressure measurement tube with the Y-shape connection device to avoid re-catheterization.


[image: Figure 2]
FIGURE 2
The Y-shape connection device for paediatrics with indwelling catheter during urodynamic test. (A) a is a common channel for vesical pressure measurement (B) and liquid filling (C). (B) connected to bladder pressure tube, and (C) linked water pump pipe.




2.3. Urodynamic study

The measurements and evaluation of urodynamic parameters were performed by the International Continence Society (ICS) guidelines (1) by the same experienced urodynamicist, and all patients provided written informed consent. The air in the measurement tube was removed clearly, and no bubbles remained to avoid signal attenuation in different media. Besides, to prevent the influence of filling and pressure measurement on the results of the same channel, we stopped the perfusion pump and recorded the pressure value (5). Urodynamic machine from Laborie.Co Canada, Triton with water filling system were used in this study. All included children were in the sitting position underwent UDS twice during the same test process with a half-hour interval between examinations to avoid the impact of the previous UDS. In addition, we usually use symphysis pubis as the standard manometry level (7).

Patients underwent UDS with the Y-shape connection device first because the patient's tube conditions would not affect the process. For the Y-shape connection device approach, we should remove the fluid in the water capsule of the indwelling catheter first. We then put the connection device (with ends thread, a) into the opening of the indwelling catheter. Next, we should connect the filling tube and bladder pressure measurement tube with the b and c, then we can run the testing process. Subsequently, a standard procedure was performed (3). In the standard procedure, we should first remove the current indwelling catheter and then put the normal 8Fr water measurement UDS catheter via the urethra into the bladder and another one via rectal into ampullae recti. After all two measurement catheters be placed in the correct position, we could run the UDS process. Data from the two processes were collected and analysed especially data collected in the filling phase). Notably, the infusion medium used in our study was normal saline at room temperature, and the filling rate was 10 ml/min. Importantly, patients with an indwelling catheter were instructed to empty the water sac in the urinary catheter initially to decrease the obstructions caused by the sac (7).



2.4. Outcomes

Urodynamic parameters, including maximum flow rate (Qmax), maximum bladder test capacity (MCC), bladder feeling, and the bladder contraction index (PdetQmax + 5Qmax) were collected to confirm the clinical efficacy of the Y-shape connection device (8, 9). Adverse events such as bleeding and plugging occurred during and after the UDS (within 1 month) were recorded.



2.5. Statistical analysis

Statistical analysis was performed using SPSS v. 25 software (SPSS Inc. IBM Corp, Somers, NY, USA). Continuous variables are presented as the mean ± SD (standard deviation) or median (range), and differences between methods were tested using Student's t-test or the Mann–Whitney U test according to the normal or non-normal distribution of the data, respectively; categorical parameters were presented as numbers (percentage), and the chi-square test or Fisher's exact test was applied. A P value of <0.05 was considered statistically significant.




3. Results

Forty-five children (36 girls and 9 boys) with a mean age of 13 (9–16) years old met the inclusion criteria and were included in the study. Notably, method A had similar performance in the overall urodynamic parameters as the classical UDS approach, and there were no statistically significant differences in Qmax, MCC, bladder feeling, or PdetQmax + 5Qmax (P > 0.05). However, method A reported lower VAS scores both during (1.12 ± 0.58 vs. 3.88 ± 1.01, P = 0.001) and after the UDS (0.12 ± 0.08 vs. 2.91 ± 0.89, P = 0.001) (Table 2).


TABLE 2 Urodynamic parameters and VAS in two methods.
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Regarding complications, 8 (17.8%) patients experienced bleeding during re-catheterization in the traditional UDS approach. However, 0 patient presented bleeding in method A. Notably, the Y-shape connection device resulted in less bleeding (P = 0.006) than the standard procedures. Neither method had plugging or interruption during the UDS. No adverse events were reported at the 1-month follow-up (Table 3).


TABLE 3 Complications during the two procedures (%).
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4. The features of urodynamic study images


4.1. The features of UDS traces obtained by the Y-shape connection device

Compared with the traditional traces, the trace curve obtained by the Y-shape connection device is thicker, and the curve fluctuation is more obvious. Besides, the curve will become thins when the detrusor has inhibitory contractions or during the urination phase. But “Bladder outlet obstruction” is frequently recorded during urination, showing high detrusor pressure and decreased low flow rate in almost all cases (Figures 3, 4).


[image: Figure 3]
FIGURE 3
The features of UDS traces obtained by the Y-shape connection device with 12Fr indwelling catheter. (The filling period trace was significantly thickened, and the detrusor overactive contraction waveform was recorded during the filling period, the cough test is not easily distinguished, and the urination period curve became thinner and presented as high detrusor pressure with low flow rate).



[image: Figure 4]
FIGURE 4
The features of UDS traces obtained by the Y-shape connection device with 8Fr indwelling catheter. (The trace obtained by the Y-shape connection device with 8Fr catheter was slightly thickened than 12Fr catheter, cough test can be clearly recorded, and the urination stage was presented high detrusor pressure with low flow rate).




4.2. The features of UDS traces obtained by classical approach

The traces curve obtained by the classical method is smooth and thin, which can clearly record the waveform of the cough test, which is basically consistent with the traces obtained by connecting the 8Fr indwelling catheter with the Y-shape connection device. We need to emphasize that the traces obtained by the classical method during the urination period can reflect the urethral resistance more authentic (Figure 5).


[image: Figure 5]
FIGURE 5
The features of UDS traces obtained by classical approach. (The trace obtained by the traditional approach is smooth and stable, which can clearly record the cough experiment and other UDS parameters, and the urination period can reflect the patient's real urethral resistance relationship).





5. Discussion

The use of UDS is limited in clinical practice for pediatric urology because of the invasiveness of the current process, which may increase the risk of damage to the tissue and lessen patient satisfaction, especially in high-risk patients, such as the youngest or those with underlying comorbidities. Bleeding and pain are often unavoidable in the insertion process, which might lead to a UTI and plugging after the UDS, particularly in patients with indwelling catheters and after a long period of follow-up (10). The best method for performing a standard urodynamic test in patients with indwelling catheters has been an ongoing issue in our clinical practice. Given that UDS is a powerful tool in the pediatric department of urology, it is imperative to look for a method or equipment to obtain accurate, reliable clinical data and simultaneously avoid re-catheterization in these selected patients. The connector developed at our institute undoubtedly simplifies the UDS process.

The Y-shape connection device had comparable performance in overall urodynamic parameters compared with classical UDS; however, the Y-shape connection device resulted in lower VAS scores both during (1.12 ± 0.58 vs. 3.88 ± 1.01, P = 0.001) and after the UDS (0.12 ± 0.08 vs. 2.91 ± 0.89, P = 0.001). Regarding complications, the Y-shape connection device resulted in significantly less bleeding (P = 0.006). No plugging or interruption occurred during the UDS in either method. It is worth mentioning that although we used “bleeding” during UDS as an exclusion criterion, only one of the 46 patients we first collected had bleeding. Considering the possible adverse effects (bleeding, plugging) of re-performing traditional urodynamic testing, we excluded the patient, but it was not difficult to find that Y-shape connection device has critical value in reducing bleeding.

Notably, the current UDS process for comparison with the procedure that employed the Y-shape connection device remained the same. Additionally, a 6-Fr urinary tube may not affect the measurements and accuracies in the voiding period (11). But for our current study, we use the 8Fr catheter to run this process, so one thing we want to emphasize is that we cannot ignore the influence of the urethra-resistant relationship during the voiding phase, so for our current study, we may pay more attention to the storage phase parameters instead of voiding phase parameters. Emptying the catheter water sac in the urinary catheter may decrease the obstructions caused by it. Therefore, it was unsurprising that the Y-shape connection device presented the same diagnostic effect as the standard UDS. The similar urodynamic outcomes in the two methods confirmed our notion and further verified its efficacy.

Most children who needed take a UDS had relatively severe LUT symptoms, such as leaks or dysuria. Long-term LUT symptoms can easily lead to a UTI, inflammation, and tissue oedema (9); consequently, high sensitivity to pain or bleeding occurs more often in these selected patients. The Y-shape connection device avoided re-catheterization, which directly reduced the pain and improved the children's compliance during the UDS, especially for diseases that need UDS evidence to explain the storage symptoms, like urinary urgency, urinary frequency, and incontinence (urgency incontinence).

Because UDS is an invasive procedure, artifacts may influence the accurate interpretation of results (12). Despite all efforts to achieve normalcy, the test environment is unnatural; most children are apprehensive to the degree that can affect the findings. To reduce anxiety, the study was best performed with the child seated, watching cartoons and accompanied by their parents. Only essential equipment should remain in the room. Avoiding general anesthesia is crucial because it affects the natural state and eliminates the chance of voiding (13). Intranasal midazolam may be administered in certain situations where high anxiety levels cannot be mollified, as this drug appears innocuous in terms of its effect on the outcome of the study (14).

Comparing the traces obtained by the traditional approach and the Y-shape connection device, we can observe that the trace curve obtained by the Y-shape connection device is relatively thick, and it exhibits slight fluctuations in the overall trend of the trace. In the urination stage, the trace recorded with the Y-shape connection device predominantly demonstrates increased detrusor pressure alongside a decreased flow rate (BOO feature). We also compared the results of the different diameters indwelling catheter connected with the Y-shape connection device, and we found that the trace obtained by the 8Fr indwelling catheter with the Y-shape connection device was finer and more similar to the trace obtained by the traditional approach than that of the 12Fr indwelling catheter. The reasons for the thickening and fluctuation of the curve were analyzed, which may be caused by the fluid flow in the lumen caused by the diameter of the urinal tube. Therefore, considering that the diameter of the 8Fr indwelling catheter is closest to the traditional 6Fr catheter used in urodynamic studies, and based on the measurement results obtained with different catheter diameters, choosing 8Fr is currently the best option. Up to now, the traditional pressure measuring tube commonly used material is polyvinyl chloride, and the material of catheter is often silicagel; there is currently no clear literature detailing the specific effect of the material of the pressure tube on the measurement results. Based on our measurement traces, we found that the trace quality does not affect the parameter acquisition and result interpretation in the 8Fr diameter catheter. For these reasons, the Y-device has a similar effect to that of traditional devices for measuring the storage period, which coincides with the more concentrated storage period symptoms of the neurogenic bladder, but it has an essential value in reducing bleeding and pain during UDS.



6. Study limitations

The first limitation of the study is that the sample size in the current article was relatively small; thus, a trial with a larger sample size should be an aim in the future. Also, the existing Y-shape connection device is a promising alternative to the standard UDS approach for kids with indwelling catheters (8Fr). Due to the current knowledge of the urethral resistant relationship, only diameter < 6Fr may not significantly influence, even though our study uses the minimum diameter indwelling catheter (8Fr). Still, we may need further investigation to know whether this diameter will significantly influence the voiding phase and the urethra-resistant relationship, so our study can only predict the effectiveness in the filling phase (storage phase) subject of ongoing research.



7. Conclusion

The Y-shape connection device results in less pain and bleeding during and after the UDS and is a promising alternative for children with an indwelling catheter for who require urodynamic studies and place more emphasis on filling phase parameters, especially for children with neurogenic bladder.
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