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Abstract
Purpose This study aimed to identify and describe the outcomes of different endoscopic treatments and the predictive factors 
affecting success in the treatment of symptomatic vesicoureteral reflux (VUR) after kidney transplantation.
Methods Patients who had undergone endoscopic injection treatment for symptomatic VUR detected by VCUG with at least 
1-year follow-up were included in the study. Patients with dysfunctional and/or obstructive voiding patterns were excluded 
from the study. We retrospectively evaluated the patient’s characteristics, operative information about the type of injection 
(one, two, or four-point) and the bulking agent (DX-HA, PPC), and perioperative data. Clinical success was defined as no 
febrile UTI, and radiological success was defined as the absence of VUR in VCUG 3 months after the operation. Clinical 
success, radiological success, and encountered complications were statistically analyzed.
Results A total of 76 patients were included in this study. The one-point, two-point, and four-point injection technique was 
applied to 32 (42.1%), 13 (17.1%), and 31 (40.7%) of patients, respectively. PPC and DX-HA were used as bulking agents in 
54 (71.1%) and 22 (28.9%) patients, respectively. The clinical success rate was 73.7% (n = 56). In logistic regression analysis, 
a significant efficacy of the four-point technique was observed in the univariate analysis of clinical success (p = 0.042). The 
radiological success rate was 40.8% (n = 31). In the logistic regression analysis, DX-HA and PPC radiological success was 
attained in 4 (18.1%) and 27 (50%) patients, respectively (p = 0.01). Ureterovesical junction (UV) stricture developed in 5 
(6.5%) patients. There was no difference between injection techniques and bulking agents in terms of the development of 
UV stricture (p = 0.32; p = 0.08).
Conclusion The success of endoscopic treatment in patients with VUR after kidney transplantation can be increased by 
multiple injections. Furthermore, PPC can be used to obtain a higher radiological success.

Keywords Vesicoureteral reflux · Kidney transplantation · Endoscopic injection treatment · Dextranomer/hyaluronic acid · 
Polyacrylate/polyalcohol copolymer

Introduction

Vesicoureteral reflux (VUR) after a kidney transplant is a com-
mon complication with a reported incident rate ranging from 
10 to 80% in the current literature [1, 2]. While asymptomatic 
VUR cases can be safely monitored, interventional treatment 
is required in symptomatic VUR cases (around 3%) because 
recurrent febrile UTI can cause early graft loss [3].

The gold standard treatment for symptomatic VUR is 
open surgical ureteric reimplantation with an 83–100% suc-
cess rate. However, due to the difficulty of this procedure and 
additional morbidity, endoscopic injection treatment provides 
a less invasive alternative [4, 5]. Endoscopic treatment suc-
cess is relatively low, with a rate of 60–87.1% in symptomatic 
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VUR patients after kidney transplantation. Different bulking 
agents, such as dextranomer/hyaluronic acid (DX-HA), poly-
acrylate/polyalcohol copolymer (PPC), polydimethylsiloxane 
(Macroplastique) [6–9], are used in endoscopic treatment with 
different injection techniques (intra or subureteric, single or 
multiple) and their results have been published in previous 
studies [10–12]. However, currently, there is no recommen-
dation for a standard endoscopic treatment method that has a 
high level of evidence.

The success of current endoscopic treatment strategies 
for primary VUR, such as the hydrodistension implanta-
tion technique (HIT), double-HIT, and systematic multi-
ple HIT, has achieved almost the same level (93–100%) 
as open surgery [13–15]. It is important to achieve the 
same success rate as open surgery in the endoscopic 
treatment of kidney transplant patients because open 
surgery is more challenging and complicated due to the 
secondary intervention in the ureterovesical anastomosis 
location.

In this study, we aimed to identify and describe the 
outcomes of different endoscopic treatments and the pre-
dictive factors affecting success in the treatment of symp-
tomatic VUR after kidney transplantation.

Materials and method

After institutional review board and local ethical committee 
approval, 84 patients who had undergone endoscopic injec-
tion for symptomatic VUR, detected by voiding cystoure-
thrography (VCUG), between March 2013 and July 2020 
were retrospectively evaluated. Anti-reflux ureterovesical 
anastomosis was performed on all patients via the Lich-
Gregoir technique. Voiding cystourethrography (VCUG) 
was performed when VUR was suspected in patients with 
recurrent UTI, febrile UTI, urosepsis, and/or graft deteriora-
tion after the kidney transplant.

Patients who underwent endoscopic injection treatment 
for symptomatic VUR detected in VCUG were included 
in the study. Patients with dysfunctional and/or/ obstruc-
tive voiding patterns in the preoperative evaluation were 
excluded from the study. Patients who did not complete a 
1-year follow-up were also excluded.

The patients’ age, gender, time between transplant and 
endoscopic treatment, preoperative serum creatinine, pre-
operative VUR grade, ultrasonography (USG) findings 
(presence of hydronephrosis, resistive index score), num-
ber of preoperative UTIs, type of injection technique (one-
point, two-point, four-point) and the type of bulking agent 
(dextranomer-hyaluronic acid, or polyacrylate/polyalcohol 
copolymer) were recorded as perioperative sociodemo-
graphic data.

Endoscopic procedure

Urinary tract infection was defined as > 100,000 colony bac-
terial growth in a midstream urine culture. Appropriate anti-
biotic therapy was given according to the urine culture in the 
preoperative period. The preoperative antibiotic agent was 
continued for patients with a positive urine culture. If the 
preoperative urine culture was negative, 1gr ceftriaxone was 
administered intravenously for antibiotic prophylaxis. Under 
regional or general anesthesia, the ureteral neo-orifice was 
visualized using a 30° optic lens passed through a 19ch rigid 
cystoscope in the lithotomy position. In cases where the neo-
orifice could not be seen some maneuvers were performed, 
such as using a 70-degree lens while optimally filling the 
bladder, using a flexible cystoscope, placing a  Sensor® 
PTFE-Nitinol guidewire hydrophilic tip (0.038 in 150 cm) 
(Boston Scientific, Natrick, Massachusetts, United States) 
and applying to suprapubic pressure. Where the circumfer-
ence of the could not be seen with only the sensor guide 
and suprapubic pressure, a 6F  Axxcess® open-end ureteral 
catheter (Boston Scientific, Natrick, Massachusetts, United 
States) was used.

A semi-rigid or rigid beveled needle system (22 or 23 
Gauge), suitable for the bulking agents, was passed through 
the rigid cystoscope. Dextranomer-hyaluronic acid (DX-
HA), or polyacrylate/polyalcohol copolymer (PPC) was 
applied to the patients via one-point, two-point, or four-point 
injection techniques.

In the one-point injection, the bladder was inflated with 
an isotonic (0.9% NaCl) solution until the neo-orifice could 
be clearly seen. The needle system was passed through the 
cystoscope and an injection was made from the inferior 
localization of the neo-orifice (6 o'clock). The bulking agent 
(1 cc) was applied to the subureteric area to provide coapta-
tion and kept in the tissue for one minute.

In the two-point injection method, the bladder was 
inflated with an isotonic (0.9% NaCl) solution until the neo-
orifice could be clearly seen. The needle was inserted from 
the inferior localization of the orifice (12 o'clock) and 0.5 cc 
of the bulking material was administered to the subureteric 
area to ensure coaptation and kept in the tissue for 1 minute. 
Then, a further 0.5 cc of the bulking agent was injected into 
the intraureteric area from the superior (6 o'clock) locali-
zation of the neo-orifice with the needle system to ensure 
coaptation, and the needle was removed after waiting for 
one minute (Fig. 1).

In the four-point injection method, after the bladder was 
inflated with an isotonic (0.9% NaCl) solution until the neo-
orifice could be clearly seen, the needle system was inserted 
into the subureteric area from the inferior localization (12 
o'clock), 0.25 cc of the bulking agent was applied to ensure 
coaptation, and the needle was removed after waiting in the 
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mucosa for one minute. Then, the needle was inserted into 
the intraureteric area on the superior and both lateral (at 3, 
6, and 9 o'clock) of the neo-orifice, respectively, and 0.25 cc 
of the bulking agent was administered at each point to ensure 
coaptation and kept in the tissue for one minute (Fig. 2).

A total of 1 cc of bulking agent was used in all injection 
techniques. A Foley catheter was inserted in all patients to 
monitor the volume of discharged urine for 24 h.

Follow up

Renal USG and the measurement of discharged urine vol-
ume were checked to exclude acute ureteral obstruction 
on the first postoperative day. Serum creatinine level and 
urine culture-antibiogram were evaluated at the first month; 
renal Doppler USG and VCUG were performed at the third 
month. The presence and grade of VUR and encountered 
complications (infection, urosepsis, hydronephrosis, ure-
terovesical junction obstruction, etc.) were evaluated and 
recorded.

Clinical success was defined as no febrile urinary tract 
infection depending on the presence of VUR and radiologi-
cal success was defined as the absence of vesicoureteral 
reflux according to the VCUG after three months. A sec-
ond endoscopic injection, or open ureteral re-implantation, 
was performed on patients with clinical failure depending 
on the presence of VUR after the first endoscopic injection 
treatment.

Statistical analysis

Statistical analysis was performed using the IBM SPSS 
Statistics program for Windows version 23.0 (IBM Corp., 
Armonk, NY:). The normality of continuous variables was 
investigated by the Shapiro–Wilk’s test. Descriptive statis-
tics were presented using mean and standard deviation, and 
median (IQR). Non-parametric statistical methods were used 
for values with skewed distribution. For the comparison of 
two non-normally distributed groups, the Mann Whitney U 
and Kruskal–Wallis tests were used. The χ2 test, (Yates Con-
tinuity Correction or Fisher Exact test where available), was 

used for categorical variables and expressed as observation 
counts and percentages. Statistical significance was accepted 
when two-sided p values were lower than 0.05.

Results

A total of 76 patients who had undergone endoscopic injec-
tion for symptomatic VUR were included in the study. The 
mean patient age was 38.6 ± 15.7 years. There were 34 male 
(44.7%) and 42 female patients (55.3%). The median time 
between kidney transplantation and endoscopic treatment 
was 21 (mean 17 ± 19, range 9–30) months. The average 
number of febrile UTIs of the patients during this period was 
found to be 2.4 ± 1.1. The preoperative median serum cre-
atinine level was 1.4 (1.1–1.8) ng/dl. The median follow-up 
time was 32 months (mean 40 ± 22, range 12–74) (Table 1). 

Preoperative VUR grades were classified as I, II, III, 
and IV in 1.3% (n = 1), 34.2% (n = 26), 47.4% (n = 36), 
and 17.1% (n = 13) of the patients, respectively. VUR in 
both transplanted and native ureter was detected in 6.6% 
of patients. The one-point, two-point, and four-point injec-
tion technique was applied to 32 (42.1%), 13 (17.1%), and 
31 (40.7%) patients, respectively. PPC and DX-HA were 
used as bulking agents in 54 (71.1%) and 22 (28.9%), 
respectively (Table 1).

The clinical success rate was 73.7% (n = 56) in all 
patients. In logistic regression analysis, any significant rel-
evant efficacy of age, gender, type of bulking agent, preop-
erative grade of VUR, preoperative RI value, preoperative 
serum creatinine level, or median transplantation-endoscopic 
treatment time were observed in the univariate analysis on 
clinical success (p > 0.05). The four-point technique showed 
a significantly higher success rate when compared with one-
point (59.4% vs 87.1%; p = 0.013) and the non-four-point 
(one and two-point) techniques (64.4% vs 87.1; p = 0.028). 
In logistic regression analysis, a significant efficacy of the 
four-point injection technique was observed in the univariate 
analysis of clinical success (p = 0.042) (Table 2).

The radiological success rate was found to be 40.8% 
(n = 31) of all patients. In the logistic regression analysis, any 

Fig. 1  Endoscopic image of a patient treated with the two-point injection technique.Coaptation was achieved by applying 0.5 cc of the bulking 
agent (1 cc in total) to the places marked with yellow dots
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significant relevance of age, gender, preoperative grade of 
VUR, preoperative RI value, preoperative serum creatinine 
level, type of injection technique, or median transplantation-
endoscopic treatment time were observed in the univariate 
analysis of radiological success (p > 0.05). Considering the 
different bulking agents, radiological success was achieved 
in 4 (18.1%) of the patients who received DX-HA and in 27 
(50%) who received PPC. In logistic regression analysis, a 
significant efficacy of PPC was observed in the univariate 
analysis of radiological success (p = 0.01) (Table 2).

Patients who did not achieve clinical success (n = 20; 
26.3%) were followed up with a second injection treatment 
(n = 6; 7.8%), open ureteroneocystostomy (n = 4; 5.2%), re-
transplantation operation (n = 2; 2.6%), antibiotic suppres-
sion treatment (n = 3; n = 3.9), and active follow-up protocol 
(n = 5; 6.5%).

After endoscopic injection treatment, a ureterovesical 
junction (UV) stricture developed in five (6.5%) patients. 
Two of these patients had a four-point injection (n = 2; 
6.4%); two had a two-point injection (n = 2; 15.3%) and one 
had a one-point injection (n = 1; 3.1%) (p = 0.32). UV stric-
ture developed in three of the patients treated with DX-HA 
(n = 3; 13.6%) and two of the patients treated with PPC 
(n = 2; 3.7%) (p = 0.11).

Discussion

Our study has shown that the rate of symptomatic VUR 
(5.4%) after kidney transplantation was similar to the lit-
erature (3–5.8%) [6–11]. Previous studies have reported 
that this complication may be related to the ureterovesical 
anastomosis technique, the length of the anti-reflux tunnel, 
the surgeon's experience, stent usage, and the quality of the 
urinary bladder [12]. The European Association of Urology 
(EAU) guidelines also recommend making an anti-reflux 
tunnel of at least 3–4 cm during ureterovesical anastomosis 
[13]. For the patients in our study, ureteral stents were not 
used, and anastomosis was performed with the anti-reflux 
tunnel principles by an experienced surgical team. However, 

we could not get any information about the length of the 
tunnel used in our study group.

Many studies have reported that endoscopic treatment is 
used in the first step, although the success rate of this is 
relatively low (60–86%). The most important factor in the 
preference of endoscopic treatment is the higher morbidity 
rates (16–53%) of open ureteral re-implantation [6, 14]. On 
the other hand, many publications advocate that endoscopic 
treatment should not be preferred in the first instance, as 
unsuccessful endoscopic intervention makes open ureteric 
reimplantation more difficult [10, 15]. To our knowledge, 
any specific endoscopic treatment modality that reports 
the best results with a high level of evidence has not been 
described for such patients. We also believe that the suc-
cess rate of endoscopic treatment can be increased. Thus, it 

Fig. 2  Endoscopic view of the four-point injection technique. Coaptation was achieved by applying 0.25 cc of the bulking agent (1 cc in total) to 
the places marked with yellow dots

Table 1  Sociodemographics and perioperative characteristics of 
patients

Patient charactheristics No.

Mean ± SD age, years 38.6 ± 15.7
No. male (%) 34 (44.7)
No. female (%) 42 (55.3)
Median mos transplantation-injection (IQR) 21 (9–30)
Mean ± SD No.UTI 2.4 ± 1.1
Median Serum Creatinine level, mg/dL (IQR) 1.4 (1.1–1.8)
No. ureteral orifice shape (%)
 Widely open
 Normal

75 (98.7)
1 (1.3)

Reflux orifice n (%)
 Transplanted orifice
 Transplanted orifice and native orifice

71 (93.4)
5(6.6)

No. VUR grade (%)
 I
 II
 III
 IV

1 (1.3)
26 (34.2)
36 (47.4)
13 (17.1)

No. bulking agent (%)
 PPC
 DX-HA

54 (71.1)
22 (28.9)
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can reduce the need for open surgery and become the gold 
standard treatment for VUR on transplanted kidney patients. 
Although the overall clinical success was 73.7%, our study 
provides a comparison of different techniques and bulking 
agents on clinical and radiological success. We especially 
detected that the four-point technique had a higher clinical 
success rate than other techniques.

For the treatment of primary VUR, multiple-point injec-
tion methods such as double-HIT and systematic mul-
tiple-HIT have been shown to have a higher success rate 
(93–100% vs 71.4–82.5%) than single-point injection meth-
ods, such as Sting and HIT techniques [13–15]. Although 
there are no detailed descriptions of the injection methods 
used in many studies conducted on transplanted kidney 
patients, it has been reported that those who used a single-
point injection achieved a clinical success of 56.1–86% 
[6–10], while those using multiple injections had a clinical 
success of 53.8–69.6% [12, 16]. Univariate analysis showed 
a significant efficacy for the four-point technique on the 
prediction of clinical success compared to other techniques 
(one and two-point injection) (p = 0.042). We also found 
that the four-point technique was more successful than the 
single-point (59.4 vs 87.1%; p = 0.013). We found that the 

four-point injection technique increased the success in most 
cases by providing more optimal and permanent coaptation 
when the bulking agent was applied to the four corners of the 
transplanted neo-orifice, which has a very large and atypi-
cal location. We attributed the more successful results of 
the four-point injection to providing peri-orificial control by 
coaptating the non-physiological and non-anatomical neo-
orifice from many points, which also minimizes the disad-
vantages created by the intramural ureteral course which 
varies from case to case.

DX-HA is the most widely used bulking agent for the 
treatment of vesicoureteral reflux and it is soluble and 
reabsorbable. The dextranomer-microspheres are encap-
sulated by fibroblast migration and the growth of collagen 
[17]. Akiki et al. reported that DX-HA has a significantly 
higher success rate than polydimethylsiloxane (65% vs 33%; 
p = 0.035) [8]. Pichler et al. found a 57.9% and 78.9% clini-
cal success rate after the first and second injection of DX-HA 
with the intraureteric submucosal technique. Furthermore, 
they reported early ureteral obstruction with a rate of 10.5% 
[18]. Wang et al. achieved a 75% (n = 16) clinical success 
with the injection of DX-HA [19]. Balaban et al. reported a 
success rate of 59.1% in the first injection and 67.3% in the 

Table 2  Univariate analysis of factors predicting clinical and radiological success or failure

The accepted level of statistical significance was p<0.05

Clinical succes Radiological Succes

No Yes p No Yes p

No. patients (%) 20 (26.3) 56 (73.7) * 45 (59.2) 31 (40.8) *
Gender
 No. male (%)
 No. female (%)

8 (23.5)
12 (28.6)

26 (76.5)
30 (71.4)

0.62 21 (61.8)
24 (57.1)

13 (38.2)
18 (42.9)

0.684

Mean ± SD age, years 33.4 ± 17.2 40.05 ± 15.0 0.165 37.7 ± 17.2 39.3 ± 13.6 0.737
Median mos transplantation-injection 

(IQR)
26 (41.0) 18.5 (19.0) 0.155 20.5 (24.0) 21.0 (18.0) 0.485

Median Serum Creatinine level, mg/
dL (IQR)

1.39 (0.61) 1.39 (0.71) 0.976 1.46 (0.59) 1.27 (0.81) 0.475

Median preoperative resistive index 
(IQR)

0.65 (0.09) 0.66 (0.15) 0.185 0.66 (0.11) 0.66 (0.15) 0.454

VUR grade, n (%)
 I
 II
 III
 IV

1 (1.3)
8 (30.8)
6 (16.7)
5 (38.5)

0
18 (69.2)
30 (83.3)
8 (61.5)

0.182 1 (1.3)
17 (65.4)
20 (55.6)
7 (53.8)

0
9 (34.6)
16 (44.4)
6 (46.2)

0.693

Bulking agent, n (%)
 PPC
 DX-HA

12 (22.8)
9 (40.9)

42 (77.8)
13 (59.1)

0.105 27 (50.0)
18 (81.9)

27 (50.0)
4 (18.1)

0.01

Injection type, n (%)
 One-point
 Two-points
 Four-points

13 (40.6)
3 (23.1)
4 (12.9)

19 (59.4)
10 (76.9)
27 (87.1)

0.042(1vs2vs4) 
*0.028(1&2vs4)

23 (71.9)
7 (53.8)
15 (48.4)

9 (28.1)
6 (46.2)
16 (51.6)

0.151
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second [10]. Similar to the literature, we found a clinical 
success rate of 50% in the first injection and 59.1% in the 
second in 22 patients using DX-HA. Between six patients 
who had the two-point injection method of DX-HA and 
the 16 patients who had the one-point injection method of 
DX-HA, no statistically significant difference was seen in 
terms of clinical success rate (56% vs. 66%). Frankiewicz 
et al. were the first to use PPC for VUR after kidney trans-
plants and they reported an 86.7% clinical success after PPC 
injections via the STING method (6 of 7 cases) [9]. In our 
study, 54 patients, which is the largest study sample in which 
the PPC material was used for transplanted kidney patients, 
demonstrated a success rate of 70.3% after the first injection 
of PPC and 77.8% after the second. We found the clinical 
success rate of PPC in one-point, two-point, and four-point 
injection techniques, (1 cc total in each) to be 56.2%, 85.7%, 
and 87.1%, respectively, (p = 0.047). It was observed that the 
subgroup with the highest clinical success rate was with the 
PPC injection via the four-point technique.

After DX-HA injection for primary VUR, recurrence 
can develop in around 20% of patients due to its soluble 
structure in the long term. PPC has been produced as a non-
biodegradable product due to the high recurrence rate after 
DX-HA injection. PPC transforms into a fibrotic capsule in 
the area where it is applied, providing better stability and 
longer efficacy, and many retrospective studies have shown 
that PPC is superior to DX-HA. Its structural features enable 
its effectiveness in the early period (77–94.5%) which con-
tinues in the long term [20–23]. A randomized controlled 
trial in primary VUR patients showed that overall radio-
logical success was higher for PPC, although there was no 
statistically significant difference between PPC and DX-HA 
(86.45% vs 77.3%;). However, the fact that the amount of 
bulking agent was significantly higher in the DX-HA group 
(0.42 vs 0.71; p = 0.001) was stated as a limitation of this 
study [24]. If the same amount of bulking agent was applied 
to both groups, the radiological success of PPC would prob-
ably be found to be significantly higher. There are very few 
studies that have investigated the radiological success of 
the endoscopic treatment of VUR after a kidney transplant. 
These studies reported a 14.2–24.3% radiological success 
rate for DX-HA [6, 8]. Frankiewicz et al. reported that a 
14.2% radiological success was achieved with PPC [9]. 
To the best of our knowledge, our current study is the first 
study that compares PPC and DX-HA agents in patients with 
VUR after kidney transplant, and we can conclude that the 
radiological success of PPC was superior to DX-HA (50% 
vs 18.1%; p = 0.01).

To our knowledge, this study is also the largest for investi-
gating the success of endoscopic treatment in cases of VUR 
after a kidney transplant. In the largest study published 
before now, Akiki et al. emphasized that the male gender 
was an important factor for clinical success and DX-HA was 

superior to polydimethylsiloxane in their study of 58 cases 
[8]. Balaban et al. reported that they achieved a 67.3% clini-
cal success in their study, which included 49 cases, and that 
younger age and female gender had a significant effect on 
the efficacy of clinical success [10].

Secondary treatments, such as endoscopic dilatation and 
open ureteral re-implantation, may be required due to ure-
teral obstruction which can be a complication of endoscopic 
injection treatment. In previously published studies, ureteral 
obstruction has been reported in between 10.5 and 23.5% 
of patients [11, 18]. Ureteral obstruction occurred in 6.5% 
(n = 5) of patients in our study and two of them were treated 
with endoscopic interventions, and open surgical ureteric 
re-implantation was performed on three patients. Accord-
ing to the type of bulking agent, ureteral obstruction was 
observed in 13.6% for DX-HA and 3.7% for PPC (p = 0.11). 
Furthermore, based on the injection types, ureteral obstruc-
tion was detected in single-, double, and four-point injection 
groups in 16.4%, 15.3%, and 6.4% of patients, respectively 
(p = 0.32). We believe that the absence of a significant differ-
ence in ureteral obstruction complications in multiple injec-
tions is due to the fact that the total injection amount was 
equal (1 cc) in all groups.

The limitation of our study is that different injection tech-
niques or bulking agents were not performed as a prospec-
tive randomized controlled trial. We believe that a unique 
treatment algorithm should be created for kidney transplant 
patients and performed with a greater sample and a rand-
omized prospective design.

Conclusion

This study showed that the success of endoscopic treatment 
can be increased by multiple injections around the ureteral 
orifice in patients with VUR after a kidney transplant. The 
four-point technique especially showed better results without 
an increase in the complication rate. PPC, as a bulking agent, 
can be used safely and successfully in patients with VUR 
after a kidney transplant. It has also been shown to be more 
successful in terms of radiological success due to its struc-
tural features which are non-biodegradable. To support the 
results of this study, prospective, randomized, high sample 
studies should be carried out.
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