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Abstract

Objective: This prospective study aimed to evaluate the safety of improved transurethral plasma

kinetic enucleation of the prostate (iTUPKEP) in the perioperative period in high-risk patients

with benign prostatic hyperplasia (BPH) and coronary artery disease.

Methods: Patients with BPH underwent surgical treatment with transurethral vapour resection

of the prostate (TUVP) or iTUPKEP. Serum endothelin-1, cardiac troponin-I, and high-sensitivity

C-reactive protein concentrations were evaluated in the short term after surgery. The postvoid

residual urine volume, maximum urinary flow rate, international prostate symptom score, and

quality of life indicators were evaluated in the long term after surgery.

Results: Endothelin-1 concentrations were lower in the iTUPKEP group than in the TUVP group

at 1 and 2 days postoperatively. The iTUPKEP group had lower cardiac troponin-I and high-

sensitivity C-reactive protein concentrations at all time points postoperatively. The postvoid

residual urine volume, international prostate symptom score, and quality of life values were

lower, but the maximum urinary flow rate was higher, in the iTUPKEP group than in the

TUVP group.

1Department of Urology, No. 907 Hospital of PLA Joint

Logistics Support Force, Nanping, China
2Department of Laboratory Medicine & Blood

Transfusion, No. 907 Hospital of PLA Joint Logistics

Support Force, Nanping, China

*These authors contributed equally to this work.

Corresponding author:

Rangxue Qiu, Department of Urology, No. 907 Hospital

of PLA Joint Logistics Support Force, No. 99 Binjiang

North Road, Yanping District, Nanping City, Fujian

Province 353000, China.

Email: pla92yyqiu@163.com

Journal of International Medical Research

49(11) 1–13

! The Author(s) 2021

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/03000605211060890

journals.sagepub.com/home/imr

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits

non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed

as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://orcid.org/0000-0003-2214-0656
mailto:pla92yyqiu@163.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/03000605211060890
journals.sagepub.com/home/imr


Conclusions: The iTUPKEP procedure has a smaller effect on vascular endothelial function

compared with TUVP. Therefore, iTUPKEP may reduce the incidence of postoperative cardio-

vascular adverse events in high-risk patients with BPH and coronary artery disease.
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Introduction

Benign prostatic hyperplasia (BPH) is a

common benign tumour that is mainly

found in elderly men. The prevalence of

BPH in men older than 50 years is as high

as 50%, and its incidence increases with

age.1–3 Because of the anatomical position

of BPH, it can compress the urethra, result-

ing in a series of lower urinary tract symp-

toms, including difficulty urinating and

irritable urination.4 In patients with moder-

ate to severe lower urinary tract symptoms,

surgical treatment can be considered to

improve symptoms. The postvoid residual

urine volume (PVR), maximum urinary

flow rate (Qmax), international prostate

symptom score (IPSS), quality of life

(QOL) score, and other indicators should

be measured and recorded before surgery

to allow for further evaluation of the effi-

cacy of surgery. Twenty years previously,

transurethral resection of the prostate

(TURP) was the gold standard for surgical

treatment of BPH because it led to a signif-

icant improvement in symptoms.5,6 TURP

also has a good curative effect in treating

BPH in patients with renal transplanta-

tion.7,8 However, TURP causes some

common adverse events after surgery,

including postoperative urinary retention,

bleeding, and urinary tract infection.6

BPH and coronary artery disease (CAD)

may be inextricably linked. As early as the

1950s, Reis et al reported that there was a
correlation between BPH and CAD.9 Some
studies have shown that BPH and CAD are
affected by hormone concentrations in the
body.10,11 Furthermore, Weisman et al
showed that smooth muscle proliferation
affected by hormones may play an impor-
tant role in the occurrence and development
of CAD and BPH in elderly men.12

Endothelin-1 (ET-1) is a peptide composed
of 21 amino acids and is mainly produced
by vascular endothelial cells, but also by
vascular smooth muscle cells and epithelial
cells.13,14 Studies have shown that ET-1
causes endothelial dysfunction, and inflam-
mation and may be involved in the forma-
tion of atherosclerotic plaques, thereby
accelerating the progression of CAD.15

Elevated cardiac troponin-I (cTn-I) concen-
trations are associated with an increased
risk of adverse cardiovascular events.16

Many factors can cause fluctuations in
serum cTn-I concentrations, but their peak
is different from the increase in cTn-I con-
centrations after myocardial infarction.17–19

C-reactive protein (CRP) concentrations
rapidly increase in the blood when the
body is infected or injured, which may
play a role in the process of atherosclero-
sis.20 With the advancement of new
high-sensitivity CRP (hs-CRP) detection
technology, some studies have shown that
hs-CRP is significantly related to the pres-
ence of atherosclerosis.21,22
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In recent years, adverse cardiovascular
events after prostate surgery have received
increasing attention.23 We speculate that
the trauma caused by surgery may cause
the concentrations of ET-1, cTn-I, and hs-
CRP in the body to greatly fluctuate. This
in turn leads to the occurrence and develop-
ment of cardiovascular adverse events.
Transurethral vapour resection of the pros-
tate (TUVP) is a minimally invasive method
for the treatment of BPH that was devel-
oped on the basis of TURP, but with less
intraoperative bleeding.24 Transurethral
plasma kinetic enucleation of the prostate
(TUPKEP) is the latest generation of min-
imally invasive surgery for treating BPH.
The vascular supply of the prostate is
blocked early in this procedure, and there-
fore, it is effective in reducing bleeding and
safety.25,26 After long-term practice and
exploration, we improved the classic
TUPKEP surgical method (iTUPKEP) to
further shorten the operation time, reduce
bleeding, and reduce the probability of ure-
thral sphincter injury. In this study, we
aimed to determine the dynamic changes
in serum ET-1, cTn-I, and hs-CRP concen-
trations before and after surgery, and dis-
cuss the safety of iTUPKEP in the
perioperative period of high-risk patients
with BPH and CAD.

Methods

Patients

A total of 146 patients with BPH who
underwent surgical treatment in the No.
907 Hospital of PLA Joint Logistics
Support Force from November 2017 to
June 2020 were randomly selected as the
study population. This prospective study
was approved by the Ethics Committee of
the No. 907 Hospital of PLA Joint
Logistics Support Force (approval
number: 2017-H-14MS076-01, approval
date: September 2017). Written informed

consent was obtained from the patients or
their families before the study. The inclu-
sion criteria were patients diagnosed with
BPH by Doppler colour ultrasound,
prostate-specific antigen, and other auxilia-
ry examinations before surgery, and no use
of cardiovascular disease treatment drugs
within 24 hours before enrolment. The
exclusion criteria were patients with certain
lifestyle habits, such as smoking and drink-
ing, and chronic diseases, such as infections,
tumours, and diabetes. Additionally,
patients with chronic and underlying dis-
eases that may respond to fluctuations in
inflammatory indicators were excluded
from this study. According to the medical
history, an electrocardiogram (ECG), 24-
hour dynamic ECG, cardiac colour
Doppler, blood biochemical indicators,
and the diagnostic criteria of the
International Heart Association and the
World Health Organization, the patients
were divided into the CAD group (patients
with coronary artery disease, 33 cases) and
the NCAD group (patients with no coro-
nary artery disease, 113 cases). For patients
with BPH in our hospital with surgical indi-
cations, we assessed the patient’s condition
in detail (the severity of BPH and whether it
was associated with cardiovascular disease),
the doctor’s recommended procedure, and
the advantages and disadvantages of the
two procedures (e.g., safety, effectiveness,
and cost). We then chose the operation
method according to the patient’s wishes,
and the patient signed an informed consent
form for the operation. According to the
patient’s condition and wishes, we kept the
personal information of all patients confi-
dential, and we have de-identified all
patients’ details. The reporting of this study
conforms to the STROBE guidelines.27

Surgical procedures

To maintain the rigour of the study, all
patients’ surgical operations were
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performed by the same surgeon. The
patients completed all routine examinations
before surgery. During the operation, com-
bined spinal–epidural anaesthesia was used,
and ECG monitoring and blood oxygen
saturation monitoring were performed at
the same time.

The iTUPKEP procedure uses the
British Gyrus plasma bipolar electrocuting
system (744000; Gyrus Acmi, Cardiff, UK),
with an electrocoagulation power of 60 to
80 W, a cutting power of 80 to 160 W, and
continuous washing with 0.9% sodium
chloride as the rinsing solution. The relative
positional relationship between the bladder
triangle and prostate, the position of the

bladder neck, posterior urethra, and semi-
nal caruncle, and the morphology and
degree of prostatic hyperplasia were
observed by transurethral resectoscopy.
Based on the classic TUPKEP, the
iTUPKEP procedure was as follows. First,
the prostatic mucosa was incised at the tip
of the prostate near the seminal caruncle,
and then a wedge-shaped groove was cut
between the proliferative gland and the sur-
gical capsule by push cutting. Subsequently,
marker grooves at the 5, 7, and 12 o’clock
positions were cut at the lithotomy position
to the prostate surgical capsule and com-
municated with the sharp wedge-shaped
groove (see Figure 1). The gland tissue of

Figure 1. Marker grooves during the surgical operation of improved transurethral plasma kinetic enucle-
ation of the prostate. (a) A marker groove at a 5 o’clock cut at the lithotomy position. (b) A marker groove
at a 7 o’clock cut at the lithotomy position. (c) A marker groove at a 12 o’clock cut at the lithotomy position.
(d) The three completed marking grooves in the same surgical field of view.
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each lobe was then peeled from the surgical
capsule layer upward with the ceramic head
of the inner sheath of the resectoscope. The
supply blood vessels and fibre belts of the
glands were cut off, and haemostasis was
performed by electrocoagulation so that
the prostate lobes were stripped from the
surgical capsule layer to the bladder neck.
Finally, the gland tissue was harvested
and rapidly cut by an electric cutting
loop. After the operation, a 22-F three-
chamber balloon catheter was inserted,
0.9% sodium chloride was used for
continuous washing for 1 to 2 days, and
the catheter was retained for 3 to 6 days.
The catheter was removed without obvious
haematuria.

TUVP was performed with a 24-F elec-
tric cutting mirror and vapourisation elec-
trode system produced by ShendaVR

(Shenyang, China). The electric coagulation
power was 70 W, the cutting power was 220
W, and 5% mannitol solution was used as
the flushing fluid for continuous flushing.
The relative positional relationship between
the bladder triangle and prostate, the posi-
tion of the bladder neck, posterior urethra,
and seminal caruncle, and the morphology
and degree of prostatic hyperplasia were
observed by transurethral resectoscopy.
Different cutting methods were chosen
depending on the gland size. If the patient
mainly had hyperplasia of the middle lobe
of the prostate, a wedge-shaped marking
groove was cut at the tip of the prostate
near the seminal caruncle to the prostate
surgical capsule. Longitudinal marking
grooves were then cut at the 5 and
7 o’clock positions to reach the surgical
capsule of the prostate and connect with
the wedge-shaped marking groove at the
proximal end of the seminal caruncle. The
middle lobe and the two lateral lobes were
then cut in turn. If BPH mainly occurred on
both sides of the prostate, a wedge-shaped
marking groove was cut at the proximal end
of the seminal caruncle first, and then a

longitudinal mark groove was cut at 12

o’clock to reach the surgical capsule. The

starting point, ending point, and depth of

cutting were determined. The bilateral

lobes, middle leaves, and other parts were

then removed in turn, and finally, the pros-

tate apex was carefully removed. At the end

of the operation, a 22-F three-lumen bal-

loon catheter was inserted, and 0.9%

sodium chloride was used for continuous

washing for 1 to 3 days. A urinary catheter

was inserted for 3 to 6 days, and the urinary

catheter was then removed without obvious

haematuria.

Outcome measures

To measure ET-1 concentrations, venous

blood was collected from the elbow forearm

of the patients in a fasting state 2 hours

before surgery, and 1, 2, and 7 days after

surgery. ET-1 concentrations were mea-

sured by a specific radioimmunoassay

(Shanghai Bogu Biotechnology Co., Ltd.,

Shanghai, China). The entire procedure

was completed in strict accordance with

the reagent instructions.
To detect cTn-I and hs-CRP, venous

blood was collected from the elbow forearm

of the patients in a fasting state 2 hours

before surgery, 12 hours after surgery,

and 1, 2, and 7 days after surgery.

Concentrations of cTn-I and hs-CRP were

measured by transmission immunoturbidim-

etry using a kit (HUMAN Company,

Wiesbaden, Germany). The entire procedure

was completed in strict accordance with the

manufacturer’s instructions.
The patients’ PVR, Qmax, IPSS, and

QOL score were measured and recorded

before and 1 month after surgery.

Additionally, the patients’ operation time,

intraoperative blood loss during the opera-

tion, and postoperative catheter retention

time were recorded.
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Statistical analysis

Data are expressed as the mean� standard
deviation (SD). For measurement data with
equal variance, the independent samples
t-test and one-way analysis of variance
were used to analyse the differences
between groups. For data with unequal var-
iance, the Wilcoxon rank-sum test was
used. All statistical analyses were per-
formed with IBM SPSS 22.0 software
(IBM Corp., Armonk, NY, USA).
P values <0.05 were considered significant.

Results

Patients and baseline parameters

Fourteen patients were treated with TUVP
and 19 patients were treated with
iTUPKEP in the CAD group. In the
NCAD group, 26 patients were treated
with TUVP and 87 patients were treated
with iTUPKEP. Baseline data, such as
age, PVR, Qmax, IPSS, and QOL, were

not significantly different between the
groups (Table 1).

Serum ET-1, cTn-I, and hs-CRP concen-

trations and intraoperative parameters

All patients were successfully discharged

after surgery. Two hours before the opera-
tion and 7 days postoperatively, mean ET-1

concentrations were not significantly differ-
ent between the CAD-TUVP and
CAD-iTUPKEP groups or between the
NCAD-TUVP and NCAD-iTUPKEP
groups (Figure 2). However, mean ET-1
concentrations were significantly higher in
the CAD-TUVP group than in the CAD-
iTUPKEP group at 1 and 2 days postoper-
atively (all P< 0.05). Additionally, mean
ET-1 concentrations were significantly
higher in the NCAD-TUVP group than in
the NCAD-iTUPKEP group at 1 and 2
days postoperatively (all P< 0.05). Mean
serum ET-1 concentrations in the CAD
groups were significantly higher than
those in the NCAD groups at four time
points (2 hours preoperatively, and 1, 2,
and 7 days postoperatively) (all P< 0.01).
However, serum cTn-I and hs-CRP concen-
trations, which are mainly affected by sur-
gical methods, showed different trends
compared with serum ET-1 concentrations.
At the five time points (2 hours preopera-
tively, and 12 hours, 1, 2, and 7 days post-
operatively) when cTn-I concentrations
were measured, there were significant dif-
ferences between the groups. At the four
time points postoperatively, mean serum
cTn-I concentrations in patients in the
CAD-iTUPKEP and NCAD-iTUPKEP
groups were significantly lower than those
in the corresponding CAD-TUVP and
NCAD-TUVP groups (all P< 0.01).

Table 1. Baseline data of 146 patients with benign prostatic hyperplasia.

Group Case Age (years) PVR (mL) Qmax (mL/s) IPSS (score) QOL (score)

CAD 33

TUVP 14 68.13� 5.22 168.38� 20.47 7.74� 2.28 25.64� 2.45 4.37� 1.13

iTUPKEP 19 68.92� 7.75 159.75� 18.24 7.52� 2.87 24.31� 2.27 4.56� 0.92

NCAD 113

TUVP 26 67.94� 5.83 156.62� 16.33 8.71� 1.35 23.82� 3.48 4.34� 1.27

iTUPKEP 87 68.16� 6.54 162.18� 19.62 8.68� 2.96 24.62� 2.55 4.61� 1.38

Data are mean� standard deviation. There were no significant differences in baseline data between the groups.

PVR, postvoid residual urine volume; Qmax, maximum urinary flow rate; IPSS, international prostate symptom score;

QOL, quality of life; CAD, coronary artery disease; TUVP, transurethral resection of the prostate; iTUPKEP, improved

transurethral plasma kinetic enucleation of the prostate; NCAD, non-coronary artery disease.
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There was no significant difference in cTn-I

concentrations between patients with differ-
ent surgical procedures within the CAD and

NCAD groups 2 hours before surgery.
Similarly, serum hs-CRP concentrations in

patients in each group showed the same
trends of change as those in serum cTn-I

concentrations. Notably, there was no sig-

nificant difference in serum hs-CRP con-
centrations between patients with different

surgical procedures in the NCAD groups 7
days after surgery. Additionally, intraoper-

ative blood loss and the postoperative cath-
eter retention time were significantly lower

Figure 2. Comparison of intraoperative parameters and serum ET-1, cTn-I, and hs-CRP concentrations
between four groups. (a) Mean ET-1 concentrations at 2 hours preoperatively, and 1, 2, and 7 days post-
operatively. (b) Mean cTn-I at 2 hours preoperatively, 12 hours postoperatively, and 1, 2, and 7 days
postoperatively. (c) Mean hs-CRP concentrations at 2 hours preoperatively, 12 hours postoperatively, and 1,
2, and 7 days postoperatively. (d) Mean operation time in the TUVP and iTUPKEP groups. (e) Mean blood
loss during the operation in the TUVP and iTUPKEP groups. (f) Mean retention time of the catheter after the
operation in the TUVP and iTUPKEP groups.
*P< 0.05, **P< 0.01.
CAD, coronary artery disease; NCAD, non-coronary artery disease; TUVP, transurethral resection of the
prostate; iTUPKEP, improved transurethral plasma kinetic enucleation of the prostate; ET-1, endothelin-1;
cTn-I, cardiac troponin-I; hs-CRP, high-sensitivity C-reactive protein; n.s., no significant difference.
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in the iTUPKEP group than in the TUVP

group (both P< 0.01), with no relationship

with the presence of concomitant CAD (see

Figure 2 and additional Tables 1, 2, and 3).

Improvement of BPH symptoms 1 month

after the operation

To further evaluate the effect of iTUPKEP

on the improvement of patients’ BPH

symptoms, we measured the PVR, Qmax,

IPSS, and QOL score 1 month after sur-

gery. The mean PVR, IPSS, and QOL

score in the iTUPKEP group were signifi-

cantly lower than those in the TUVP group

(all P< 0.01). Additionally, the mean Qmax

in the iTUPKEP group was significantly

higher than that in the TUVP group

(P< 0.01) (Figure 3).

Postoperative adverse events

Five patients with CAD who underwent

TUVP surgery had ischaemic ST-T changes

early in the postoperative period (within

2 days). Additionally, three patients devel-

oped angina pectoris, all of whom were

controlled by timely treatment. No serious

complications, such as acute myocardial

infarction (AMI), acute heart failure, or

sudden cardiac death, occurred. After our

team performed strict postoperative care

and close dynamic evaluation of postoper-

ative inflammation indicators for patients,

Figure 3. Comparison of improvement of symptoms of BPH between two groups at 1 month after the
operation. (a) Mean PVR 1 month after the operation in the TUVP and iTUPKEP groups. (b) Mean Qmax 1
month after the operation in the TUVP and iTUPKEP groups. (c) Mean IPSS 1 month after the operation in
the TUVP and iTUPKEP groups. (d) Mean QOL score 1 month after the operation in the TUVP and
iTUPKEP groups.
**P< 0.01.
PVR, postvoid residual urine volume; TUVP, transurethral resection of the prostate; iTUPKEP, improved
transurethral plasma kinetic enucleation of the prostate; Qmax, maximum urinary flow rate; IPSS,
international prostate symptom score; QOL, quality of life.
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no other complications were reported in
each group.

Discussion

With the ageing of the population, the inci-
dence of BPH is increasing annually.28

Therefore, the medical cost associated
with BPH treatment is increasing, which
has resulted in a serious economic burden
on patients and society. Moderate and
severe BPH has a serious effect on the
QOL of patients and often requires surgical
treatment.29 Fortunately, minimally inva-
sive transurethral surgery plays an impor-
tant role in the treatment of BPH.23

Compared with other substantial organs
in the body, the urinary system has a natu-
ral lumen structure. Therefore, minimally
invasive transurethral surgery can avoid
the severe trauma associated with open sur-
gery. However, although minimally inva-
sive surgery causes relatively minor
postoperative urinary retention and bleed-
ing, the perioperative safety of high-risk
patients with BPH and CAD is an impor-
tant factor that requires more attention.
BPH and CAD are two common diseases
in elderly men that are related and influ-
enced by each other. A study by Bruno et
al showed that the incidence of CAD was
higher in countries with a higher incidence
of BPH and vice versa, and the incidence of
AMI was significantly increased after
TURP and open prostatectomy.30 Hahn et
al conducted a series of studies on the rela-
tionship between BPH surgery and the
occurrence of postoperative AMI, and
found that the incidence of AMI signifi-
cantly increased after TURP.31 Weisman
et al found that the incidence of AMI and
cardiovascular death in patients with BPH
after surgery was significantly higher than
that in non-surgical patients.12,32 In this
study, we investigated 146 patients with
BPH, including 33 patients with CAD (inci-
dence rate: 22.6%).

Although the development of modern
medical technology has made great prog-
ress, CAD still has high morbidity and mor-
tality rates worldwide.33 In the occurrence
and development of CAD, the endothelin
system is associated with unavoidable prob-
lems. ET-1 is the main subtype in the endo-
thelin system, and its genes are located on
chromosome 6.14 ET-1 is a vasoconstrictor
with the strongest and longest active time
among the vasoactive substances, and its
effect is 10 times higher than that of angio-
tensin.15 Moreover, the vasoconstriction
effect of ET-1 is more intense on coronary
arteries compared with that on peripheral
arteries.34 ET-1 can also induce endothelial
dysfunction in coronary arteries through a
variety of mechanisms, such as oxidative
stress, inflammation, and decreased activity
of the nitric oxide pathway.35 Studies have
shown that ET-1 accelerates the progres-
sion of atherosclerosis by upregulating
lipid metabolism genes and the mitogen-
activated protein kinase pathway.36,37

Researchers have found that plasma ET-1
concentrations began to rise within
10 minutes of the onset of ischaemia in
animal models.38 Similarly, clinical studies
have shown that plasma ET-1 concentra-
tions increase significantly shortly after
AMI and are related to the infarct size.39

In general, ET-1 plays an important role
in different stages of CAD. Therefore,
large fluctuations in ET-1 concentrations
in the body will inevitably have adverse
effects on patients with CAD and may
even lead to sudden death. Additionally,
the increased expression of endothelin
receptors in hyperplastic prostate tissues
indicates that ET-1 promotes the growth
of prostate cells and may play an important
role in prostate diseases.40,41

Inflammation plays a major role in all
stages of atherosclerosis, such as plaque
formation, recruitment, and chemotaxis of
inflammatory cells and plaque stability.42,43

CRP is a non-specific inflammation
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marker, which suggests systemic inflamma-
tion and tissue damage. CRP synthesised in
the liver can play a role in atherosclerosis
by affecting the synthesis of key molecules.
Several recent studies have shown that CRP
downregulates endothelial nitric oxide syn-
thase or upregulates nuclear factor jB,
which is a key nuclear transcription factor
that can affect numerous pro-
atherosclerotic genes.20,44,45 Additionally,
cTn-I is a marker of myocardial injury
and has important clinical significance for
the diagnosis and risk stratification
of AMI.46

In this study, we compared the changes
in plasma ET-1, cTn-I, and hs-CRP concen-
trations before and after TUVP or
iTUPKEP in patients with BPH. Serum
ET-1, cTn-I, and hs-CRP concentrations
increased after the two operation methods,
which indicated that all patients had vascu-
lar endothelial dysfunction and inflamma-
tory reactions. However, mean serum ET-1,
cTn-I, and hs-CRP concentrations in
patients who underwent TUVP were signif-
icantly higher in the early postoperative
period compared with those in patients
who underwent iTUPKEP, especially in
patients with CAD. Furthermore, serum
cTn-I and hs-CRP concentrations postoper-
atively were significantly associated with
the type of operation. These results sug-
gested that surgery further aggravated
endothelial dysfunction in high-risk
patients with BPH and CAD, but the
effect of iTUPKEP on vascular endothelial
function was relatively mild. The reason for
this finding may be that iTUPKEP has a
shorter operation time and is associated
with less intraoperative bleeding compared
with TUVP. Therefore, iTUPKEP has a
smaller effect on vascular endothelial func-
tion than TUVP. A shorter retention time
of the catheter after the operation also
reflects reduced intraoperative bleeding in
iTUPKEP. The PVR, Qmax, IPSS, and
QOL score were measured 1 month after

the operation. These parameters also
showed that iTUPKEP improved the symp-
toms of patients with BPH. In patients with
BPH without CAD, our team’s recommen-
dation is that patients should choose the
iTUPKEP procedure because it has a
better effect in improving the symptoms of
BPH (PVR, Qmax, IPSS, and QOL) after
surgery. Additionally, the iTUPKEP proce-
dure had advantages regarding the opera-
tion time, intraoperative blood loss, and
postoperative catheter indwelling time.
Many studies have shown that, under
normal circumstances, the concentration
of ET-1 in the blood vessel wall is 100
times that in plasma.47 An abnormal
increase in ET-1 and cTn-I concentrations
in vivo is an important cause of AMI or
aggravation of ischaemia and may even
induce cardiovascular accidents.
Therefore, in high-risk patients with BPH
and CAD, iTUPKEP is a safer surgical
method than TUVP.

This study has the following limitations.
First, observation of the postoperative
improvement in symptoms of the patients
in this study was only for 1 month.
Therefore, long-term dynamic evaluation
for a longer period is required in these
patients. Second, in the grouping of
patients, we mainly considered cardiovascu-
lar disease and different surgical proce-
dures. In the future, we need to study the
prostate volume as a grouping factor.
Finally, we focussed on the effect of
changes in postoperative inflammation
indicators on cardiovascular disease, but
did not address other possible
complications.

Conclusion

Higher concentrations of ET-1, cTn-I, and
hs-CRP caused by postoperative vascular
endothelial injury are common in patients
with BPH, especially in high-risk patients
with BPH and CAD. These high
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concentrations may be one of the causes

of postoperative cardiovascular adverse

events. The iTUPKEP procedure has a

smaller effect on vascular endothelial func-

tion than that on TUVP, thereby reducing

the incidence of postoperative cardiovascu-

lar adverse events in high-risk patients with

BPH and CAD.
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