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Objective: This study aimed to prospectively investigate the predictive value of ureteral jet dynamics measured by Doppler ultrasonography (D-US) 
to differentiate postrenal obstruction from other reasons after double-J stent (DJS) removal in patients who underwent renal transplantation (RTx) 
due to chronic renal failure.
Materials and Methods: Patients who underwent RTx between 2017 and 2018 were prospectively evaluated. After RTx, D-US was performed on 
all patients following DJS removal. Renal Artery Resistive index (RA-Ri), renal pelvis anterior–posterior diameter (RP-APD), pelvicalyceal system 
dilation (PCSD), and ureteral jet flow dynamics [maximum (JETmax) and average velocity (JETave)] were measured by D-US. Patients’ demographics, 
estimated glomerular filtration rate (eGFR), acute rejection, and hemodialysis (HD) time were investigated. Patients were divided into two groups 
as patients without PCSD (group 1) and patients with PCSD during follow-up (group 2). In addition, group 2 was also divided into two subgroups 
as patients with postrenal obstruction (group 2a) and without postrenal obstruction (group 2b). All values were compared between the groups.
Results: A total of 28 patients were evaluated in the study. HD time and RP-APD were significantly higher in group 2 than in group 1 (p<0.05). 
Ureteral jet dynamics between the groups were comparable. In group 2, RA-Ri and RP-APD were comparable, but JETave and JETmax were 
significantly lower in group 2a.
Conclusion: In patients who underwent RTx with PCSD (especially dilation with suspected acute rejection and low eGFR) after DJS removal, 
investigation of ureteral jet flow dynamics can provide important information that can help determine and differentiate postrenal obstruction.
Keywords: Renal transplantation, Pelvicalyceal dilation, Postrenal obstruction, Ureteral stricture, Ureteral jet dynamics

Amaç: Bu çalışmada kronik böbrek yetmezliği nedeniyle renal transplantasyon (RTx) uygulanan hastalarda double J-stent (DJS) çekildikten sonra 
postrenal obstrüksiyonu diğer nedenlerden ayırmak için Doppler ultrasonografi (D-US) ile ölçülen üreter jet dinamiklerinin öngörü değerini prospektif 
olarak araştırmayı amaçladık.
Gereç ve Yöntem: RTx uygulanan hastalar 2017-2018 yılları arasında prospektif olarak değerlendirildi. RTx sonrası DJS çekildikten sonra tüm 
hastalara D-US uygulandı. D-US ile Renal Arter Rezistif indeksi (RA-Ri), renal pelvis ön-arka çapı (RP-APÇ), pelvikalisiyel sistem dilatasyonu (PKSD) 
ve üreteral jet akım dinamikleri (maksimum ve ortalama hız; JETmax ve JETave) ölçüldü. Ayrıca çalışmada hastaların demografik özellikleri, tahmini 
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Abstract

Öz

What’s known on the subject? and What does the study add?

In the patients with pelvicalyceal system dilation (PCSD) after renal transplantation (RTx), to differentiate postrenal obstruction from other 
renal and prerenal reasons, the measurements of ureteral jet dynamics with Doppler ultrasonography (D-US) provide important information 
to illuminate these suspected situations. Also, the evaluation of ureteral jet dynamics before dilation develops can provide useful information 
for the management of RTx patients.
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Introduction

The global prevalence of chronic renal failure (CRF) ranges 
from 11% to 13% (1). The gold standard treatment for end-
stage kidney disease (EKD) is renal transplantation (RTx), 
which is used for primary patients or follow-up patients in the 
routine hemodialysis (HD) program (2). After RTx, urological 
complications such as postrenal obstruction according to 
stricture or stenosis of the ureterovesical anastomosis can 
cause significant morbidity for these patients. The incidence 
of urological complications ranges from 2% to 13% after RTx 
(3). The occurrence of ureteral stricture, which is one of these 
complications, varies from 0.6% to 10.5% (4). Ureteral stricture 
can present with postrenal obstruction findings such as lack of 
pain, pelvicalyceal system dilation (PCSD) or hydronephrosis with 
increasing serum creatinine level, and oliguria (5). Therefore, 
in RTx patients, close follow-up with ultrasonography (US), 
serum creatinine or estimated glomerular filtration rate (eGFR) 
level, and urine amount is needed. A previous study preferred 
Doppler US (D-US), which is non-invasive and easily accessible 
method, to examine ureteral jet phenomenon, as it can show 
the peristaltic activity of the pelvic-ureteric system essential for 
the diagnosis of postrenal obstruction (6).

Ureteral jet dynamics measured by D-US was evaluated to 
detect ureteral stone obstruction and nonobstructive kidney 
stone formation in patients with upper urinary tract stone 
disease (7-10). However, ureteral jet dynamics was not assessed 
for evaluation of PCSD or postrenal obstruction in RTx patients.

Therefore, this prospective study aimed to investigate the 
predictive value of ureteral jet dynamics of a patient cohort 
to differentiate postrenal obstruction due to other renal and 
prerenal reasons after double-J stent (DJS) removal in patients 
who underwent RTx, especially RTx with PCSD.

Materials and Methods

After ethical approval from the local ethics committee (ethical 
protocol number: 1/21.02.2018) and informed consent forms 
were obtained, patients with CRF/EKD who underwent RTx in 
our tertiary hospital between November 2017 and June 2018 

were prospectively evaluated. Patients’ characteristics [age, 
gender, and body mass index (BMI)], HD time, and basal eGFR 
level were noted before the RTx. Donor type (cadaver or live), 
RTx side (right iliac fossa or left iliac fossa), RTx operation time, 
and type of ureterovesical anastomosis (all patients underwent 
Lich-Gregoir technique in our hospital) were also noted.

During the RTx procedure, for arterial anastomosis, end-to-side 
anastomosis of the donor renal artery to the recipient external 
iliac artery or end-to-end anastomosis to the recipient internal 
iliac artery was performed for all cases. For ureterovesical 
anastomosis, the Lich-Gregoir anastomosis technique was 
performed for all cases that include some surgical steps. The 
anterolateral portion of the bladder was incised through the 
seromuscular layer. The distal posterior end of the donor ureter 
was spatulated, and the full thickness of the free edge of the 
ureter was watertight sewn to the bladder mucosa. Then, the 
seromuscular layer was closed over the ureter by creating a 
submucosal tunnel of 2-3 cm (11).

On follow-up, DJS were removed with 17-fr flexible cystoscopy 
under local anesthesia approximately 4 weeks after RTx. In 
addition, after DJS removal, eGFR and PCSD presence in the 
transplanted kidney were also evaluated with renal US. PCSD 
was present if the renal pelvis anterior-posterior diameter (RP-
APD) was >10 mm. At approximately 6 weeks after DJS removal, 
D-US was used to measure RP-APD, Renal Artery Resistive index 
(RA-Ri), and ureteral jet dynamics (maximum rate, average rate, 
resistive index, and wave form pattern of ureteral jet flow: 
JETmax, JETave, JET-Ri, and JETpattern, respectively) (9,10,12,13). 
It was also used to check the presence of PCSD. Enrolled 
patients were evaluated by an experienced radiologist (TA) who 
performed blind D-US examination. D-US was performed using 
3-5 MHz convex probe after oral hydration with 500-750 mL of 
water (Philips HDI 5000; Bothell, WA). During the evaluation, 
patients were placed in the supine position with full urinary 
bladder. All abovementioned parameters were measured with 
angle correction on color D-US.

Moreover, acute rejection and urological complications [urine 
leakage, lymphocele, ureteral stricture or stenosis, vesicoureteral 
reflux (VUR), and urolithiasis] were noted during follow-up. 

glomerüler filtrasyon hızı (eGFR), akut rejeksiyon ve hemodiyaliz (HD) süresi araştırıldı. Hastalar takip sırasında PKSD’si olmayan hastalar (grup 1) ve 
PKSD’si olan hastalar (grup 2) diye iki gruba ayrıldı. Ayrıca grup 2, postrenal obstrüksiyonu olan (grup 2a) ve postrenal obstrüksiyonu olmayan (grup 
2b) olmak üzere iki alt gruba ayrıldı. Tüm veriler gruplar arasında karşılaştırıldı.
Bulgular: Çalışmada toplam 28 hasta değerlendirildi. HD süresi ve RP-APÇ grup 2’de anlamlı olarak daha yüksekti (p<0,05). Üreter jet dinamikleri 
gruplar arasında benzerdi. Grup 2 değerlendirildiğinde RA-Ri ve RP-APÇ gruplar arasında benzerken, JETave ve JETmax değerleri grup 2a’da anlamlı 
olarak daha düşük saptandı.
Sonuç: DJS çekildikten sonra PKSD saptanan RTx hastalarında (özellikle akut rejeksiyon ve düşük eGFR seviyesi olan dilate hastalarda), üreteral jet 
akım dinamiklerinin araştırılması postrenal obstrüksiyonu belirlemek ve ayırt etmek için önemli bilgiler sağlayabilir.
Anahtar Kelimeler: Renal transplantasyon, Pelvikalisiyel sistem dilatasyonu, Postrenal obstrüksiyon, Üreter darlığı, Üreteral jet dinamikleri
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Patients were divided into two groups: patients without PCSD 
(group 1) and patients with PCSD during follow-up (group 2). 
In addition, patients with PCSD (group 2) were divided into 
two subgroups: patients with postrenal obstruction (PCSD and 
postrenal obstruction-positive patients, group 2a) and without 
postrenal obstruction (PCSD positive but postrenal obstruction 
negative, nonobstructive patients, group 2b). All values were 
compared between the groups. The obstructive and non-
obstructive dilation status of group 2 was assessed by magnetic 
resonance urography without any contrast (MR-U). Moreover, 
the nonobstructive dilation status of group 2b was controlled 
with US at the sixth month after RTx. Secondary interventions 
were also noted during follow-up.

Statistical Analysis

Data were analyzed using the Statistical Package for Social 
Sciences, version 20.0 (SPSS, Chicago, Ill) software program. 
In the group and subgroup analysis, Mann-Whitney U test and 
chi-square test (Yates’ chi-square test and Fisher’s Exact test) 
analyses were used. Data are presented as mean ± standard 
deviation. However, p values are given according to medians. 
Statistical significance was defined as p<0.05.

Results

A total of 31 patients were investigated in the study. Three of 
them were excluded for various reasons (ureteral jet dynamics 
could not be measured in one patient and follow-up data were 
missed in two patients), and 28 patients were finally evaluated 
in the study. For all patients, the mean age was 42.7±13.6 (22-
67) years, the mean BMI was 23±3.7 (17.5-33.8) kg/m2, 20 were 
males, and 8 were females. The mean HD time was 52±50.7 
(0-192) months, and the basal eGFR was 12±6 (5.3-27.8) mL/
min/1.73 m2 before RTx.

As for the donor type, 16 patients had cadaver donors and 12 
had live donors. The RTx side was the right iliac fossa in 20 and 
left iliac fossa in 8 patients. The mean RTx operation time was 
203±17.9 (180-240) min. All ureterovesical anastomoses used the 
Lich-Gregoir technique of extravesical ureteroneocystostomy 
to connect the donor ureter into the recipient bladder during 
RTx. The mean eGFR was 56.9±14 (20-77) mL/min/1.73 m2 after 
DJS removal. On follow-up, urine leakage, VUR, or urolithiasis 
was not observed. Lymphocele was detected in four patients 
(14.3%), and all of them were treated with percutaneous 
drainage. Three patients (10.7%) had postrenal obstruction and 
ureteral stricture (group 2a) and were treated with immediate 
DJS placement after detection by creatinine test, D-US, 
and MR-U. Two of these patients underwent ureterovesical 
anastomosis revision. One of them is temporarily on follow-
up with DJS every year. Three patients were found to have 

non-obstructive dilation in D-US and MR-U evaluations, and 
these non-obstructive dilations regressed at the sixth month 
of US evaluation. Immunosuppressive and immunomodulatory 
drugs, such as prednisolone and mycophenolate mofetil or 
mycophenolic acid and everolimus or tacrolimus, were given to 
all patients as protection against kidney rejection. Nevertheless, 
acute kidney rejection developed in six cases (T-cell-mediated 
rejection in three and antibody-mediated rejection in three 
cases), and borderline changes were found in four cases. These 
patients are still on follow-up. In addition, no patients had BK 
viremia.

In the evaluation of groups 1 and 2, the time to D-US after DJS 
removal was 41.3±8.7 (23-58) days for group 1 and 37.7±19.9 
(11-58) days for group 2 (p>0.05). Comparison results of the 
groups are shown in Table 1. Interestingly, the HD time was 
significantly higher in group 2 than in group 1 [110.3±63 
(2-192) months vs 36.1±33.4 (0-84) months, respectively, 
p=0.006]. In the D-US evaluation, RP-APD was higher in group 
2 than in group 1. However, other parameters of D-US were not 
significantly different between the groups.

In the subgroup evaluation of group 2, the mean time to D-US 
after DJS removal was 23±15.9 (11-41) days for group 2a and 
52.3±9.8 (41-58) days for group 2b (p>0.05). Data analysis results 
between the groups are shown in Table 2. The RTx operation 
time was shorter in group 2a than in 2b [193.3±11.5 (180-200) 
min vs 216.7±5.8 (210-220) min, respectively, p=0.043]. Acute 
rejection rates and eGFR after DJS removal in the groups were 
comparable. Interestingly, the HD time was higher in group 
2a than in group 2b; however, statistical significance was not 
found. In the D-US evaluation, RA-Ri and RP-APD values were 
comparable between the groups, but JETave [7.8±3.4 (5.8-11.7) vs 
21.5±4 (17.3-25.3), respectively, p=0.011] and JETmax [13.8±5.3 
(7.8-17.7) vs 28.5±4.4 (23.6-32), respectively, p=0.022] values 
were significantly lower in group 2a than in group 2b.

Discussion

In summary, RP-APD and HD time were higher in the PCSD 
group. In the evaluation of the PCSD group, RA-Ri and RP-APD 
values were similar between the groups, but JETave (7.8 vs 21.5, 
p=0.011) and JETmax (13.8 vs 28.5, p=0.022) were significantly 
lower in the PCSD and postrenal obstruction group. However, 
the distribution of JETpattern was similar between the groups.

RTx is the gold standard treatment modality for CKD patients, 
which is performed as primary or secondary after the HD 
program (2). In the RTx procedure, the Lich-Gregoir technique 
(extravesical ureteroneocystostomy technique between the 
donor ureter and the recipient bladder) is the most commonly 
used procedure because it reduces overall complications 
(specifically urine leak, stricture, and postoperative hematuria) 
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(11,14). In our study, the Lich-Gregoir technique was used for 
ureterovesical anastomosis.

The incidence of urological complications after RTx ranges from 
2% to 13% (3). The most common urological complications 
after RTx are urine leakage, lymphocele, ureteral stricture or 
stenosis, VUR, and urolithiasis (2,15-21). The most important 
urological complication is ureteral stricture or stenosis, which 
is also the most common cause of postrenal obstruction after 
RTx. The occurrence of ureteral stricture varies from 0.6% to 
10.5% (4). Postrenal obstruction is commonly accompanied 
with PCSD/hydronephrosis and increasing serum creatinine 
levels (5). Therefore, US evaluation of the transplanted kidney 
is routinely recommended (5). In the management of ureteral 

strictures, endourological procedures such as DJS placement 
are commonly used as first-line treatment strategies (3,5,15). 
After the immediate urinary diversion with DJS, various 
endourological procedures can be performed such as balloon or 
fascial dilation and endoureterotomy (3,5). In early follow-up 
after RTx, urine leakage, VUR, and urolithiasis were not observed. 
Lymphocele was detected in four patients (14.3%), and all of 
them were treated with percutaneous drainage. Three patients 
(10.7%) were diagnosed with postrenal obstruction and ureteral 
stricture. They were treated with immediate DJS placement for 
early management of postrenal obstruction.

For the evaluation of ureteral jets, some studies reported that 
at least 30 min of D-US examination is needed to document 

Table 1. Comparative results of patients with and without PCSD
  Patients without PCSD 

(group 1) (n=22)
Patients with PCSD (group 2) (n=6) p

Age (year) 41.1±14 (22-63) 48.5±11.2 (38-67) 0.3

Gender, n (%) 
Female 5 (22.7) 3 (50)

0.19
Male 17 (77.3) 3 (50)

BMI (kg/m2) 22.7±3.2 (17.5-29.6) 23.7±5.4 (18.4-33.8) 0.867

Basal eGFR before RTx (mL/min/1.73 m2) 12.6±5.6 (5.3-27.8) 10.1±7.7 (5.3-25.3) 0.138

HD positivity, n (%) 20 (91) 6 (100) 0.443

HD time (months) 36.1±33.4 (0-84) 110.3±63 (2-192) 0.006

RTx operation time (min) 202.7±18.8 (180-240) 205±15.2 (180-220) 0.67

Side of RTx, n (%)
Right iliac fossa 16 (72.7) 4 (66.7)

0.771
Left iliac fossa 6 (27.3) 2 (33.3)

Type of donor, n 
(%)

Cadaver 12 (55.5) 4 (66.7)
0.595

Live 10 (45.5) 2 (33.3)

Acute rejection, 
n (%)

Negative 15 (68.2) 3 (50)

0.678Borderline 2 (9.1) 1 (16.7)

Positive 4 (18.2) 2 (33.3)

Lymphocele, n (%) 3 (13.6) 1 (16.7) 0.643

DJS removal time (day) 44.2±14.2 (23-73) 43.8±17.7 (30-78) 0.801

eGFR after DJS removal (mL/min/1.73 m2) 57.6±13.7 (20-77) 53.8±16.6 (28-74) 0.552

RP-APD (mm) 5.5±1.5 (2.8-8.1) 16.6±4.5 (12.2-23) <0.001

RA-Ri 0.75±0.09 (0.61-0.92) 0.84±0.08 (0.76-0.94) 0.056

JET-Ri 0.68±0.12 (0.19-0.92) 0.62±0.2 (0.33-0.91) 0.4

JETave (cm/s) 18.5±12.8 (7.1-58.1) 14.6±8.2 (5.8-25.3) 0.595

JETmax (cm/s) 29.3±20 (8-85.6) 21.1±9.1 (7.8-32) 0.37

JETpattern, n (%)

Monophasic 6 (27.3) 1 (16.7)

0.645

Monophasic 6 (27.3) 1 (16.7)

Biphasic 2 (9.1) 0 (0)

Triphasic 2 (9.1) 0 (0)

Polyphasic 0 (0) 2 (33.3)

Square 6 (27.3) 2 (33.3)

BMI: Body mass index, DJS: Double-J stent, eGFR: Estimated glomerular filtration rate, JETave: Ureteral jet flow dynamics average, JETmax: Ureteral jet flow dynamics maximum, 
JETpattern: Ureteral jet flow dynamics pattern, JET-Ri: Ureteral jet flow dynamics resistive index, PCSD: Pelvicalyceal system dilation, RA-Ri: Renal artery resistive index, RP-APD: Renal 
pelvis anterior-posterior diameter, RTx: Renal transplantation
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ureteral jet frequency (2-45 min between the urine jets) (22). 
However, most studies have evaluated patients with D-US for 
5-10 min (7,8,23,24). We also examined RTx patients for 10 
min of continuous observation with D-US. Therefore, we could 
not evaluate the ureteral jet frequency in our RTx patients 
because of the rapid examination. In ureteral jet dynamics, peak 
velocity (JETmax) and mean velocity (JETave), which are mostly 
evaluated in previous studies, varied from 16 to 150 cm/s for 
healthy subjects (12,22,25). Recently, ureteral jet dynamics were 
used in a few studies related to urinary tract stone disease. 
Some studies reported that lower ureteral jet flow is associated 
with obstruction on the affected side of patients with ureteral 

stones (7,8). One study reported that ureteral jets with lower 
peak flow rate and frequency are associated with ureteral 
obstruction compared with contralateral healthy ureters. They 
found that the cut-off point of the ureteral jet peak flow rate 
was 19.5 cm/s between the obstructed and normal ureters to 
precisely diagnose ureteral obstruction in patients suspected 
of having urinary stone (7). In another study, the average peak 
flow rate of the ureteral jet was 17.1 cm/s for the affected side 
and 56 cm/s for the unaffected side in patients with unilateral 
ureteral stones (8). Ureteral jets of transplanted kidneys can be 
assessed noninvasively and easily using D-US (6). D-US imaging 
of the ureteral jet dynamics can also be used to exclude ureteral 

Table 2. Comparative results of patients with PCSD and postrenal obstruction and patients with PCSD but without postrenal 
obstruction
  Patients with PCSD and 

postrenal obstruction (group 2a) 
(n=3)

Patients with PCSD positive but 
without postrenal obstruction 
(group 2b) (n=3)

p

Age (year) 52.7±14.5 (38-67) 44.3±7.1 (38-52) 0.376

Gender, n (%) Female 1 (33.3) 2 (66.7) 0.414

Male 2 (66.7) 1 (33.3)

BMI (kg/m2) 22.8±2 (20.6-24.3) 24.6±8 (18.4-33.8) 0.827

eGFR before RTx (mL/min/1.73 m2) 7.4±2.5 (5.3-10.1) 12.8±10.9 (5.6-25.3) 0.827

HD positivity, n (%) 3 (100) 3 (100) 1

HD time (months) 136±50 (96-192) 84.7±73.8 (2-144) 0.513

RTx operation time (minute) 193.3±11.5 (180-200) 216.7±5.8 (210-220) 0.043

RTx side, n (%) Right iliac fossa 2 (66.7) 2 (66.7) 1

Left iliac fossa 1 (33.3) 1 (33.3)

Donor, n (%) Cadaver 2 (66.7) 2 (66.7) 1

Live 1 (33.3) 1 (33.3)

Acute rejection, n (%) Negative 2 (66.7) 1 (33.3) 0.513

Borderline 0 (0) 1 (33.3)

Positive 1 (33.3) 1 (33.3)

Lymphocele, n (%) 0 (0) 1 (33.3) 0.5

DJS removal time (day) 48.7±25.5 (32-78) 39±8.2 (30-46) 0.827

eGFR after DJS removal (mL/min/1.73 m2) 43±21.2 (28-58) 61±11.5 (52-74) 0.546

RP-APD (mm) 16.6±4.6 (12.2-21.3) 16.7±5.5 (13-23) 0.827

RA-Ri 0.87±0.1 (0.76-0.94) 0.82±0.06 (0.76-0.87) 0.376

JET-Ri 0.67±0.22 (0.49-0.91) 0.57±0.21 (0.33-0.72) 0.827

JETave (cm/s) 7.8±3.4 (5.8-11.7) 21.5±4 (17.3-25.3) 0.011

JETmax (cm/s) 13.8±5.3 (7.8-17.7) 28.5±4.4 (23.6-32) 0.022

JETpattern, n (%) Monophasic 1 (33.3) 0 (0) 0.428

Biphasic 0 (0) 1 (33.3)

Triphasic 0 (0) 0 (0)

Polyphasic 0 (0) 0 (0)

Square 1 (33.3) 1 (33.3)

Continuous 1 (33.3) 1 (33.3)

BMI: Body mass index, DJS: Double-J stent, eGFR: Estimated glomerular filtration rate, JETave: Ureteral jet flow dynamics average, JETmax: Ureteral jet flow dynamics maximum, 
JETpattern: Ureteral jet flow dynamics pattern, JET-Ri: Ureteral jet flow dynamics resistive index, PCSD: Pelvicalyceal system dilation, RA-Ri: Renal artery resistive index, RP-APD: Renal 
pelvis anterior-posterior diameter, RTx: Renal transplantation
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obstruction in transplanted kidneys, like the healthy kidneys as 
mentioned above (6). In our series, the JETmax and JETave of 
all patients were 27.5±18.3 (7.8-85.6) cm/s and 17.6±11.9 (5.8-
58.1) cm/s, respectively.

The distribution of the ureteral jet wave forms in healthy 
populations differs from that in RTx patients. In the RTx group, 
ureteral jet patterns present as 66.1% monophasic, 23.2% 
biphasic, 3.6% triphasic, 0% polyphasic, 5.4% square, and 1.8% 
continuous (26). The monophasic wave form is more common 
in the RTx group (66.1%) than in the healthy group (for right 
and left kidney at 2.6% and 2.5%, respectively) (26). Moreover, 
the flow rate and duration of ureteral jets were significantly 
decreased in the RTx group compared with the healthy group 
(26). In our study, 28.6% square and 28.6% continuous patterns 
were observed, whereas 25% of the patients had monophasic 
ureteral jet pattern.

In our comparative analysis, higher HD time was associated with 
PCSD. HD time may affect the urine amount before RTx, and 
this urine amount may affect bladder neuromuscular function 
and bladder volume. We think that PCSD may be related to 
neuromuscular dysfunction, urine amount, and HD time. In 
evaluation of the PCSD group, the measurements of PCSD (RP-
APD) were similar between the groups, but ureteral jet flow 
rates (JETave and JETmax) were significantly lower in PCSD and 
postrenal obstruction group than in the group without postrenal 
obstruction. Normally, ureteral jet flow rates decrease after RTx. 
However, the most important finding of the study is that these 
flow rates also decrease more than the normal levels for the 
transplanted kidneys in the presence of ureteral stricture and 
postrenal obstruction. By contrast, non-obstructive dilations in 
all three patients regressed at the sixth month of US evaluation. 
This situation shows that some transient reasons may cause 
a non-obstructive dilation after RTx in some patients, such 
as neuromuscular dysfunction and small bladder volume due 
to long-term HD program and blood clot and edema of the 
anastomosis.

In light of all results, early diagnosis and early management of 
ureteral stricture, which is the most important early complication 
and most common cause of postrenal obstruction after RTx, have 
crucial roles for kidney preservation in RTx patients. Therefore, 
D-US evaluation of ureteral jet dynamics after DJS removal may 
provide important data for early diagnosis of ureteral stricture 
such as lower JETmax and JETave.

Study Limitations

This study has some limitations. This study included a small 
number of patients and did not include measurement of ureteral 
jet frequency. However, as this is a pilot study, we planned to 
perform a large cohort study to evaluate RTx patients using 
D-US measurements.

Conclusion

In patients with PCSD after RTx and DJS removal (especially, 
in patients suspected of acute kidney rejection, low eGFR, and 
concomitant PCSD), to differentiate postrenal obstruction from 
other renal and prerenal reasons, the measurements of ureteral 
jet dynamics with D-US can provide important information to 
illuminate these suspected situations. After DJS removal, in 
the follow-up of patients with low eGFR or suspected of acute 
kidney rejection, ureteral jet dynamics (JETave and JETmax) can 
be evaluated by D-US before dilation develops. However, these 
findings need to be also supported by larger series.
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