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Background: In China, the incidence of benign prostatic hyperplasia (BPH) is rising with the average
lifespan of men. Transurethral resection of the prostate (TURP) is recognized as the gold standard for
surgical treatment of BPH. Continuous bladder irrigation (CBI) is often required after operation. The
irrigation rate is often manually adjusted based on the color of the drainage fluid, but it is difficult to know
how much to adjust it based on color. To better adjust the irrigation rate and reduce related complications,
we developed and evaluated a post-TURP CBI rate adjustment card.

Methods: A total of 103 BPH patients who underwent post-TURP CBI at our hospital between April and
July 2020 were enrolled in this study and were assigned to the control group (n=49) or the experimental
group (n=54) according to the different hospital areas. In the control group, the CBI rate was adjusted based
on the clinical evaluation of the color of the drainage fluid; in the experimental group, the CBI rate was
adjusted based on the color of drainage fluid evaluated with our homemade post-TURP CBI rate adjustment
card.

Results: The incidence of bladder spasm, the incidence of clot-related catheter blockage, the volume of
irrigation solution used, and the irrigation time were significantly lower or shorter in the experimental group
than in the control group. The patient satisfaction score was significantly higher in the experimental group
(P<0.05).

Conclusions: For BPH patients receiving post-TURP CBI, the homemade post-TURP CBI rate
adjustment card can provide objective data for clinical care, reduce postoperative complications, and improve

patient satisfaction. Therefore, it should be more widely used in clinical practice.
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Introduction the early stage and then bladder irritation and obstruction
Benign prostatic hyperplasia (BPH) is the most common along with their associated complications as the condition
cause of urination dysfunction in middle-aged and elderly progresses (2), which seriously affect the quality of life (3).
men (1). Patients present atypical clinical symptoms in Transurethral resection of the prostate (I'URP) is the gold
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standard for surgical treatment of BPH (4); its advantages
include wide indications, small incision, and good
outcomes (5). The most common complications in the
early post-TURP stage are postoperative bleeding and
bladder spasm (6,7). Clot-related catheter blockage in the
early postoperative stage may induce bladder spasm, which
in turn aggravates bleeding and blockage. To prevent the
vicious cycle of bleeding, catheter blockage, and bladder
spasm (8), continuous bladder irrigation (CBI) is routinely
performed after operation (9). However, an improper CBI
rate is another cause of bladder spasm and bleeding, and
the CBI rate can be properly adjusted based on the color
of the drainage fluid (10). Most nurses manually adjust
the irrigation rate based on their subjective evaluation of
the color of the drainage fluid, which may affect clinical
outcomes depending on each nurse’s clinical experience
and skill level (11). It is difficult to quantify how much
to adjust the post-TURP CBI rate based on the color
of drainage fluid (12). In this study, we developed and
evaluated the effect of a post-TURP CBI rate adjustment
card in BPH patients undergoing post-TURP CBI in order
to provide a scientific basis for objectively evaluating the
color of drainage fluid and precisely adjusting the CBI
rate. We present the following article in accordance with
the TREND reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-1288).

Methods
General information

BPH patients who received post-TURP CBI at our hospital
between April and July 2020 were enrolled in this study.
All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). Inclusion criteria were as
follows: (I) 60 to 80 years of age; (II) BPH confirmed by
ultrasound B, urodynamics, and serum prostate-specific
antigen; (III) normal coagulation before operation; and
(IV) elective TURP. Exclusion criteria were as follows: (I)
prostate cancer, neurogenic bladder, bladder neck sclerosis,
or other urethral conditions; (II) other severe organic
disorders; and (III) use of an analgesic pump after operation.
Each patient signed the informed consent before the
study, which was approved by Medical Ethics Committee,
First Affiliated Hospital of Soochow University [(approval
No. (2020) EC 017). A total of 103 eligible patients were
enrolled in this study and were assigned to the control
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group (n=49) or the experimental group (n=54) according to
the different hospital areas. No significant between-group
difference was observed in sex, age, or underlying diseases
(P>0.05) (1able 1). All procedures performed in this study
involving human participants were in accordance with the
Declaration of Helsinki (as revised in 2013).

Study methods

Routine post-TURP CBI

After TURP, all the patients received CBI through an
indwelling three-lumen catheter. The bladder irrigation
solution was 3 L per bag, which was placed at 60 cm above
the bladder for irrigation at room temperature (25 °C).
During CBI, the patient was closely monitored for catheter
patency. In case of any blockage due to clots, the catheter
was gently squeezed and repositioned, or a syringe was used
to flush the catheter repeatedly with sterile saline if needed
until the blockage was cleared. Urine output, the input of
irrigation solution, and liquid output were recorded (urine
output = liquid output - the input of irrigation solution);
and the color and property of drainage were observed. A
gauze was secured at the urethral opening for light traction
for 12 h. The patients were instructed to avoid unnecessary
changes in position for 24 h after operation; meanwhile,
they received passive movement and proper care to prevent
pressure sores or lower limb thrombosis. Mental counseling
was also provided as needed.

Control group

In the control group, the irrigation rate was adjusted
according to the standard of care. Specifically, the nurse
evaluated the color of the CBI drainage fluid under bright
light and increased the rate if the color was dark, and vice
versa (10).

Experimental group

In the experimental group, the irrigation rate was adjusted

with the post-TURP CBI rate adjustment card.

(I) The card was made of plastic, 15 cm x 10 cm, with

two parts: color grade and irrigation rate (Figure I).
Our pilot study demonstrated the consistency
of the color grade, which included six colors
commonly seen in clinical practice. We applied for
a patent for the card in April 2020. The quantitative
relationship between the irrigation rate and color
grade was validated through clinical experience,
expert consultation, and preliminary tests.
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Table 1 General information
Item Experimental group (n=54) Control group (n=49) t/z/y? P
Age (years) 69.81+6.08 71.53+6.07 -1.316* 0.877
BMI (kg/m?) 23.62+3.01 23.24+3.13 0.563* 0.425
Disease course (years) 3.00(1.00, 5.00) 2.00 (1.00, 5.00) -0.628" 0.530
Prostate volume (g) 67.39 (42.99, 97.84) 62.10(47.50, 77.14) -0.688" 0.491
International prostate symptom score (point) 27.00 (24.00, 30.00) 28.00 (24.00, 30.00) -0.359" 0.720
Operation time (min) 77.50 (60.00, 111.50) 80.00(60.00, 106.25) -0.171" 0.865
Resected tissue (g) 47.50(35.50, 600.00) 40.00(35.00, 50.00) -1.298" 0.194
Preoperative indwelling catheter 0.071° 0.790
Yes 12 11
No 42 38
Catheter F18 3 2 0.195" 0.907
F20 29 28
F22 22 19
Balloon filling volume (mL) 52.71+13.28 58.25+15.30 -1.818* 0.072
Hypertension 0.508 " 0.476
Yes 18 22
No 36 27
Diabetes 0.594" 0.441
Yes 6 3
No 48 46

Post-TURP CBI rate adjustment card

Figure 1 Post-TURP CBI rate adjustment card. TURP, transurethral resection of the prostate; CBI, continuous bladder irrigation.
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(II) The entire department received relevant training to
learn how to use the rate adjustment card. Before
surgery, the responsible nurse educated patients
and their families on the color of CBI drainage
fluid. It is ok if the color is No. 2 or below, but
medical attention is required if the color is No. 3 to
No. 6. This education promoted understanding and
cooperation while reducing unnecessary anxiety
among patients and families.

(@) The rate adjustment card was compared with CBI
drainage under bright light to determine the color
grade of the drainage. This comparison was the basis
for the rate adjustment according to the rate indicated
on the card. In the case of between-grade colors, the
higher grade was used (Figures 2,3).

Figure 2 Post-TURP CBI. TURP, transurethral resection of the

prostate; CBI, continuous bladder irrigation.

Outcome measures

Incidence of bladder spasm

Bladder spasm was evaluated with the bladder spasm symptom
scale, in which the content validity ratio (CVR) was greater
than 0.6 for each item. Scoring criteria were as follows:
1 point for postoperative urination urgency, defecation
urgency, pain in the bladder area, or catheter blockage due
to high pressure in the bladder; 2 points for unbearable pain
in the bladder area, urine leakage around the catheter, or
backflow of irrigation solution. The highest score is 10, and
bladder spasm is diagnosed if the score is 4 or more (13).
Incidence of bladder spasm = the number of bladder spasm
cases (n)/total number of patients (N) x 100%.

Bleeding

Based on a literature review (10) and our clinical experience,
we evaluated bleeding with the incidence of postoperative
clot-related catheter blockage, the volume of irrigation
solution used, and irrigation time.

(I) Incidence of clot-related catheter blockage:
Significant bleeding at the incision surface may
promote clotting in the bladder and subsequent
catheter blockage. Therefore, clot-related catheter
blockage is an indirect indicator of postoperative
bleeding. When the patient complained of a “full”
bladder with CBI blockage, the condition was
considered clot-related catheter blockage if it could
be cleared by squeezing the catheter or by negative
suction with a syringe, followed by the observation
of clots in the catheter. Incidence of clot-related
catheter blockage = the number of clot-related
blockage cases (n)/total number of patients (N) x

Post-TURP CBI rate adjustment card

Figure 3 Color comparison for CBI drainage. CBI, continuous bladder irrigation.
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Table 2 Incidence of bladder spasm and bleeding indicators
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Incidence of bladder

Incidence of clot-related

Volume of irrigation solution

Group spasm (n, %) catheter blockage (n, %) used (xzs, L) Inigation time (v, h)
Experimental group 54 6(11.11) 4(7.41) 50.66+37.13 46.58+20.01
Control group 49 14 (28.57) 11 (22.45) 101.55+52.63 63.75+29.65

¥/t 5.625" 3.240° -5.075* -3.227*

P 0.018 0.039 <0.001 0.002

R &

Table 3 Patient satisfaction

Group n Satisfaction score (x+s, points) t P
Experimental group 54 91.64+5.53 2.633 0.010
Control group 49 88.20+6.43

100%.

(II) Volume of irrigation solution used: CBI is
performed to dilute and drain blood from the
bladder. More irrigation solution should be used
if the drainage fluid is red. Therefore, the volume
of irrigation solution used is an indirect indicator
of postoperative bleeding. It was defined as the
volume of irrigation solution used (3 L/bag) from
the start of CBI to the end of CBL

(III) Irrigation time: Clear drainage fluid from CBI
indicates that the bleeding at the incision surface
has stopped, and CBI may be discontinued.
Therefore, irrigation time is a direct indicator of
postoperative bleeding time. Irrigation time was
defined as the time from the start of CBI to the end
of CBIL

Patient satisfaction

Patient satisfaction was evaluated with the 19-item
Newcastle Satisfaction with Nursing Scale (NSNYS) (14).
The Cronbach’s a of NSNS is 0.96, and the scale can be
used for care-specific evaluation of patient satisfaction. The
scale is a 5-point scale, where 1 indicates “very dissatisfied”
and 5 indicates “very satisfied,” and the total possible score
is 19 to 95. A higher score indicates a higher level of patient
satisfaction.

Statistical analysis

SPSS 23.0 was used for data analysis. Normally distributed
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measurement data are expressed as mean = standard
deviation and were analyzed with the #-test. Nonnormally
distributed measurement data are expressed as median with
interquartile range and were analyzed with Wilcoxon’s rank
sum test. Count data are expressed as percentage and rate
and were analyzed with the chi-squared test. P<0.05 was
considered statistically significant.

Results
Incidence of bladder spasm and bleeding indicators

The incidence of bladder spasm, the incidence of clot-
related catheter blockage, the volume of irrigation solution
used, and irrigation time were significantly lower or shorter
in the experimental group than in the control group (P<0.05)
(Table 2).

Patient satisfaction

Patient satisfaction score was significantly higher in the
experimental group than in the control group (P<0.05) (Zable 3).

Discussion

Using the rate adjustment card to effectively reduce the
incidence of bladder spasm and improve postoperative
bleeding

During CBI, irrigation solution fills the bladder while
blood, irrigation solution, and urine were drained from the
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bladder via a three-lumen catheter. Improper CBI may cause
bladder irritation and induce bladder spasm and bleeding (8),
which are quite common. According to the literature (10),
the incidence of bladder spasm is 15.79% to 55.71%, and
the incidence of clot-related catheter blockage is 10.53% to
30.00%. In addition to pain, bladder spasm causes catheter
blockage and secondary bleeding at the incision surface,
delays postoperative recovery, prolongs hospitalization,
and increases medical costs. Bleeding has the same adverse
effects. In this study, the incidence of bladder spasm was
28.57% and of clot-related catheter blockage was 22.45%
in the control group, which were in line with the literature.
High irrigation rates cause mechanical damage to the
bladder wall, which increases bladder sensitivity, induces
bladder spasm, and even aggravates bleeding. Low irrigation
rates can be ineffective and thus lead to inefficient blood
drainage from the bladder, which may lead to catheter
blockage and then bladder spasm and bleeding. Therefore,
proper postoperative irrigation rate helps reduce bladder
spasm and bleeding.

Ding et al. (10) developed a wireless sensor-based
automated rate adjustment device for post-TURP CBI.
In the device, a computer system was used to evaluate the
color of drainage fluid and automatically adjust the CBI
rate. Their results showed that the device reduced bladder
spasm and clot-related catheter blockage relative to the
conventional manual method. However, the researchers
did not quantify how much to adjust the CBI rate based on
the color of the drainage fluid. Moreover, the high cost of
the device limited its use. In this study, we quantified the
adjustment of the post-TURP CBI rate with a homemade
post-TURP CBI rate adjustment card. The results showed
that the card reduced the incidence of bladder spasm to
11.11%, which was significantly lower than that in the
control group (28.57%). Bleeding indicators were also
significantly improved in the experimental group (incidence
of clot-related catheter blockage: 7.41% vs. 22.45%; volume
of irrigation solution used: 50.66£37.13 vs. 101.55+52.63 L;
irrigation time: 46.58+20.01 vs. 63.75+29.65 h). These data
indicate that the rate adjustment card reduces postoperative
bleeding. Conventional irrigation rates are approximately
120 gtt/min. This study however shows that that rate
is too slow and is ineffective in patients with significant
bleeding, as it may cause clot-related catheter blockage and
subsequent bladder spasm and bleeding and will increase
the volume of irrigation solution used and the irrigation
time. According to the standard of care, the irrigation rate
should be increased if the color of the drainage fluid is dark
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and decreased if it is light. The color of drainage fluid is a
real-time indicator of bleeding, but the evaluation process
is different from individual to individual (15,16). This
variation may lead to improper adjustment of the irrigation
rate, an important cause of bladder spasm and bleeding. In
this study, nurses used the rate adjustment card to evaluate
the color of drainage fluid and adjust the irrigation rate
accordingly in the experimental group, which effectively
reduced bladder spasm and postoperative bleeding.

Higher level of patient satisfaction with the rate
adjustment card

Patient satisfaction evaluation is a patient-centered
evaluation of inpatient experience (17,18). In this study,
the homemade post-TURP CBI rate adjustment card
significantly improved patient satisfaction. This was likely
because the card improved the overall quality of care.
Moreover, perioperative patient education on CBI and the
use of the rate adjustment card helped answer the patients’
and families’ questions and reduce their anxiety about the
color of drainage fluid and irrigation rate adjustments (14).
Furthermore, the use of the rate adjustment card
standardized the procedures of post-TURP CBI and
provided a scientific basis for color evaluation and rate
adjustment, which facilitated communication between
physicians, nurses, and patients, thereby improving patient
satisfaction.

Conclusions

In this study, we evaluated the use of a post-TURP CBI
rate adjustment card in patients receiving post-TURP
CBLI. Its use standardized the procedures of CBI, reduced
postoperative CBI-related complications such as bladder
spasm and postoperative bleeding, and improved the quality
of care. The rate adjustment card is safe, effective, objective,
and inexpensive, so it should be used more widely in clinical
practice. In the interest of time, this study only enrolled
patients receiving post-TURP CBI. Further research is
needed to investigate the use of the rate adjustment card in
patients receiving CBI for other conditions.
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