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The course of alterations in ureteral jet dynamics 
following kidney transplantation: a prospective 
observational cohort study
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SUMMARY

OBJECTIVES: To prospectively investigate the alterations and normal ranges of ureteral jet dynamics after double-J-stent (DJS) removal 
in patients who underwent renal transplantation (RTx).

METHODS: Patients who underwent RTx were prospectively evaluated between November 2017 and June 2018. After RTx, Doppler ultra-
sonography (D-US) was performed on all patients after 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 and average velocity; JETmax and 
JETave) were measured by D-US. Also, patients’ demographics, estimated glomerular filtration rate (eGFR) levels, and acute rejection 
were investigated in the study. Patients were assessed two different times by D-US, about 6 and 12 weeks after DJS removal, and the 
two different measurements were compared with the Wilcoxon test and Chi-square test.

RESULTS: A total of 25 patients were evaluated in the study. Nonobstructive PCSD rate (12% vs 8%), JETave (18.8 vs 12.9 cm/sec), and 
JETmax (29.2 vs 20 cm/sec) levels were significantly decreased (p values are 0.01, 0.010 and 0.014, respectively). In addition, monopha-
sic and square pattern rates were significantly observed to increase over time (p=0.035); however, ureteral jet patterns were correlated 
between the two different D-US measurements (R=0.225, p=0.032).

CONCLUSION: After RTx, dilation rate and ureteral jet flow velocities were significantly decreased, and monophasic and square JETpattern 
rates were significantly increased over time. Ureteral jet dynamics can provide useful information about the follow-up of peristaltic 
activity in the pelvic-ureteric system.
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In the follow-up, two D-US examinations were 
performed to measure renal pelvis anterior-poste-
rior diameter (RP-APD), renal artery resistive index 
(RA-Ri), and ureteral jet dynamics (JETmax, JETave, 
JET-Ri, and JETpattern) at different times.6-9 First, 
D-US examination was performed about 6 weeks after 
DJS removal, and the second D-US examination was 
performed about 12 weeks after DJS removal. PCSD 
presence was also checked during the examinations 
by D-US, US, and magnetic resonance urography (MR-
U). D-US was performed by an experienced radiologist 
(TA) who performed blind examination using 3-5 MHz 
convex probe (Aplio 500; Toshiba Medical System 
Corporation, Tokyo, Japan) (Figure 1). Patients were 
placed in the supine position with full bladder after 
oral hydration with 500-750 ml water. All D-US data 
were measured with angle correction. During D-US 
measurements, the insonation of a renal artery and 
ureteral jet at a Doppler angle equal or above 60° was 
strictly avoided. In addition, acute rejection presence 
was noted during the follow-up. For the determination 
of alterations in the ureteral jet dynamics, the D-US 
measurements were divided into two groups, i.e., first 
D-US examination and second D-US examination. Mea-
surements were compared between the groups.

Statistical analysis
Statistical Package for Social Sciences version 20.0 

(SPSS, Chicago, Ill) software program was used for 
data analysis. To compare the paired data from the 
D-US examinations, the Wilcoxon signed ranks test, 
Chi-square test, and Pearson R correlation analysis 
were used. Data are given as mean ± SD. However, 
p-values are given according to the medians. The sta-
tistical significance was defined as p<0.05.

RESULTS

In the study, a total of 31 patients were investi-
gated. Six of them were excluded for various reasons 
(two patients had missing data, one patient did not 
have any ureteral jet observed, and three patients had 
a postrenal obstruction and underwent DJS placement 
after the first D-US removed).

For the 25 patients included, the mean age was 
41.5±13.3 (22-63) years, mean BMI was 23±3.9 
(17.5-33.8) kg/m2, 18 were male, and 7 were female. 
Mean HD time was 41.9±41.1 (0-144) months, and 
eGFR level was 12.6±6.1 (5.3-27.8) ml/min/1.73m2 
before RTx.

INTRODUCTION

Chronic renal failure (CRF) prevalence is in the 
range of 11-13%.1 After routine follow-up with or with-
out hemodialysis (HD), the standard management of 
CRF/end-stage kidney disease (EKD) is renal transplan-
tation (RTx).2 However, many complications can cause 
significant morbidity after RTx in these patients.3 
Therefore, close follow-up with urine amount, ultra-
sonography (US), and estimated glomerular filtration 
rate (eGFR) or serum creatinine level is needed.

Doppler US (D-US), which is a non-invasive and 
easy examination method to assess ureteral jet phe-
nomenon showing peristaltic activity in the pelvic-ure-
teric system, can be used for the evaluation of RTx 
patients.4 In the evaluation of the ureteral jet phenom-
enon with D-US, ureteral jet dynamics of maximum 
rate (JETmax), average rate (JETave), resistive index 
(JET-Ri), and wave form (JETpattern) of ureteral jet 
flow are measured in RTx patients.4 A study found that 
JETmax and JETave were significantly low and the 
monophasic JETpattern was more common (66.1%) in 
RTx kidneys compared to healthy kidneys.5 However, 
the course of these alterations was not clear after RTx. 
Therefore, we aimed to prospectively investigate the 
alterations and normal ranges for ureteral jet dynam-
ics over time after double J stent (DJS) removal in a 
patient cohort who underwent RTx.

METHODS

After ethical approval was obtained from the local 
committee and informed consent forms were obtained 
from patients, patients who underwent RTx due to 
CRF/EKD in our tertiary hospital between November 
2017 and June 2018 were prospectively evaluated. 
Patients’ demographics (age, gender, and body mass 
index (BMI)), HD time, and basal eGFR level of patients 
were noted before RTx. Also, donor type (cadaver/
live), RTx side (right/left iliac fossa), and operation 
time were noted. The Lich-Gregoir ureterovesical 
anastomosis technique was performed for all cases. 
Also, end-to-side anastomosis of donor-renal-artery 
to recipient external iliac artery or end-to-end anasto-
mosis to recipient internal iliac artery was performed 
for arterial anastomosis. About four weeks after RTx, 
all DJS were removed with 17 fr flexible cystoscopy 
under local anesthesia. After DJS removal, the eGFR 
level and pelvicalyceal system dilation (PCSD) pres-
ence in the RTx kidney were also evaluated with renal 
US (R-US).
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The types of donor were cadaver and live for 14 and 
11 cases, respectively. The side of RTx was right and 
left iliac fossa for 18 and 7 patients, respectively. The 
mean RTx operation time was 204.4±18.3 (180-240) 
minutes. The mean eGFR level found was 58±13.3 (20-
77) ml/min/1.73m2 and 53.7±14.7 (23-80) ml/min/1.73m2 
for 6 and 12 weeks after DJS removal, respectively. 
Prednisolone and mycophenolate mofetil, or mycophe-
nolic acid and everolimus, or tacrolimus were given as 
immunosuppressive and immunomodulatory drugs to 
all patients to protect against kidney rejection. Never-
theless, acute kidney rejection developed in five cases 
(T-cell-mediated rejection in three and antibody-me-
diated rejection in two patients), and they are still in 
follow-up.

The first D-US examination was performed about 
6 weeks after DJS removal (mean time was 42.6±9.4 
days). Nonobstructive PCSD rate, RP-APD, RA-Ri, 
JET-Ri, JETave, JETmax, and JETpattern are pre-
sented in Table 2. Three patients had nonobstructive 
dilation (obstruction excluded by D-US, urine amount, 
creatinine level and MR-U), JETave, and JETmax were 
18.8±12 (7.1-58.1) cm/s and 29.2±18.7 (8-85.6) cm/s, 
respectively. Monophasic, square, and continuous 
patterns were present in 6 (24%), 7 (28%), and 7 (28%) 
patients, respectively.

The second D-US examination was performed 
about 6 weeks after the first D-US evaluation (mean 
time was 42.6±16.8 days). Nonobstructive PCSD 
rate, RP-APD, RA-Ri, and ureteral jet dynamics are 
also presented in Table 2. Two patients had nonob-
structive dilation, JETave and JETmax were 12.9±7.4 

(2.7-29.6) cm/s and 20±10.9 (4.4-40.2) cm/s, respec-
tively. Monophasic, square, and continuous patterns 
were present in 9 (36%), 8 (32%), and 5 (20%) patients, 
respectively. In the follow-up, all nonobstructive dila-
tions had regressed by the six-month US evaluation.

The course of the alterations in the ureteral jet 
dynamics and the comparison of the results are pre-
sented in Table 2. In addition, the first and second 
D-US measurements of patients are shown in figure 
2. Nonobstructive PCSD rate, JETave, and JETmax 
levels were significantly decreased (p-values are 0.01, 
0.010, and 0.014, respectively). In addition, monopha-
sic (24% vs 36%), biphasic (12% vs 12%), triphasic (8% 
vs 0%), polyphasic (0% vs 0%), square (28% vs 32%), 
and continuous (28% vs 20%) patterns significantly 
differed over time (p=0.035). Also, monophasic and 
square pattern rates were significantly observed to 
increase over time (p=0.035); however, ureteral jet 
patterns were correlated between the two different 
D-US measurements (R=0.225, p=0.032).

DISCUSSION

Ureteral jet dynamics measured by D-US were 
recently evaluated for upper urinary tract stone dis-
ease to predict ureteral obstruction and stone for-
mation.6,7,10,11 However, only a few studies have been 
reported so far about ureteral jet dynamics in RTx 
patients. A study reported that ureteral jets can be 
assessed noninvasively and easily using D-US for RTx 
kidneys.4 Therefore, D-US imaging of the ureteral jet 
dynamics can be used to follow-up or exclude ureteral 

TABLE 1. DEmOGRApHIC DATA Of THE pATIENTS
Patients (n=25)

Age (year), mean±SD (min-max) 41.5±13.3 (22-63)

Gender, n (%) 
female 7 (28)
male 18 (72)

BmI (kg/m2), mean±SD (min-max) 23±3.9 (17.5-33.8)
preoperative eGfR (ml/min/1.73m2), mean±SD (min-max) 12.6±6.1 (5.3-27.8)
HD positivity, n (%) 23 (92)
HD time (months), mean±SD (min-max) 41.9±41.1 (0-144)
RTx operation time (minutes), mean±SD (min-max) 204.4±18.3 (180-240)

RTx side, n (%)
Right 18 (72)
left 7 (28)

Donor, n (%)
Cadaver 14 (56)
live 11 (44)

Acute Rejection, n (%)
Negative 16 (64)
Borderline changes 4 (16)
positive 5 (20)

eGfR after DjS removal (ml/min/1.73m2), mean±SD (min-max) 58±13.3 (20-77)
Abbreviations: BmI = body mass index, HD = hemodialysis, eGfR = estimated glomerular filtration rate
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jet frequency requires at least 30 minutes of D-US 
examination.12 However, D-US was evaluated in about 
5–10 minutes in most studies.10,11,14,15 Therefore, we 
did not measure ureteral jet frequency because of the 
10-minute continuous rapid examination.

JETpattern distribution rates differ from healthy 
native kidneys and RTx kidneys. In RTx kidneys, JET-
patterns are present as 66.1%, 23.2%,3.6%, 0%, 5.4%, 
and 1.8% for monophasic, biphasic, triphasic, polypha-
sic, square and continuous patterns, respectively.5 The 
monophasic wave pattern is more common in RTx kid-
neys (66.1%) than in healthy kidneys (2.6%).5 In our 

FIGURE 1. DATA mEASURED IN D-US EXAmINATION. 
A) Renal pelvis anterior-posterior diameter (Rp-ApD); B) Ureteral jet dynamics as jETmax, jETave, 
and jETpattern.

obstruction in RTx kidneys.4 In a recent study, the 
velocity and frequency of ureteral jets were found to 
be significantly lower in RTx kidneys compared with 
healthy kidneys.5 In the literature, peak (JETmax) and 
mean (JETave) jet flow velocities varied from 16 to 150 
cm/sec for healthy kidneys.8,12,13 In this study, JETave 
and JETmax were 18.8±12 (7.1-58.1) cm/s and 29.2±18.7 
(8-85.6) cm/s in the first D-US; and 12.9±7.4 (2.7-29.6) 
cm/s and 20±10.9 (4.4-40.2) cm/s in the second D-US 
examination, respectively. Although the ureteral jet 
frequency is a part of ureteral jet dynamics, we did not 
measure it in our RTx patients. Documenting ureteral 
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series, monophasic, square, and continuous patterns 
were 24%, 28%, and 28% during the first D-US evalua-
tion, and 36%, 32%, and 20% during the second D-US 
evaluation, respectively.

When we evaluated the course of the alterations in 
ureteral jet dynamics and comparison results, nonob-
structive PCSD presence (3 vs. 2, p=0.01), mean JETave 
(18.8 vs. 12.9, p=0.010), and mean JETmax (29.2 vs. 
20, p=0.014) levels significantly decreased over time. 

In addition, monophasic and square JETpattern rates 
were observed to increase over time significantly; how-
ever, ureteral jet patterns were correlated between the 
two different D-US measurements (R=0.225, p=0.032).

In light of all results, ureteral jet flow rates nor-
mally decrease after RTx. However, the most import-
ant finding of the study is that, during the second 
D-US examination, these flow rates also decrease 
further than the levels at the first D-US examination 

FIGURE 2. ImAGING DATA Of fIRST AND SECOND D-US EXAmINATIONS IN A pATIENT
A) In the first examination, the patient had 6.5mm renal pelvis anterior-posterior diameter (Rp-ApD); B) 0.78 renal artery 
resistive index (RA-Ri); C) There were 34.5cm/s jETmax, 19.4cm/s jETave, and biphasic jETpattern in the evaluation of ureteral 
jet dynamics; D) In the second examination, the patient had 5mm Rp-ApD; E) 0.88 RA-Ri; f) There were 17.1cm/s jETmax, 
11.4cm/s jETave, and continuous jETpattern in the patient as ureteral jet dynamics.
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TABLE 2. D-US DATA AND COmpARISON Of THE RESUlTS BETwEEN 6 wEEkS AND 12 wEEkS 
AfTER DjS REmOvAl IN pATIENTS wHO UNDERwENT RTx
  First D-US examination 

6 weeks after DJS removal
Second D-US examination 
12 weeks after DJS removal p

Nonobstructive pCSD presence, n (%) 3 (12) 2 (8) 0.01#

Rp-ApD (mm), mean±SD (min-max) 6.8±4.3 (2.8-23) 6.4±3.2 (3.2-14.7) 0.509
RA-Ri, mean±SD (min-max) 0.76±0.08 (0.61-0.92) 0.76±0.08 (0.61-0.88) 0.948
jET-Ri, mean±SD (min-max) 0.66±0.18 (0.19-0.92) 0.66±0.23 (0.26-1.02) 0.765
jETave (cm/s), mean±SD (min-max) 18.8±12 (7.1-58.1) 12.9±7.4 (2.7-29.6) 0.01
jETmax (cm/s), mean±SD (min-max) 29.2±18.7 (8-85.6) 20±10.9 (4.4-40.2) 0.014

jETpattern, n (%)

monophasic 6 (24) 9 (36)
0.035#

R=0.225*
p=0.032*

Biphasic 3 (12) 3 (12)
Triphasic 2 (8) 0 (0)
polyphasic 0 (0) 0 (0)
Square 7 (28) 8 (32)
Continuous 7 (28) 5 (20)

Abbreviations: pCSD = pelvicaliceal system dilation, Rp-ApD = renal pelvis anterior-posterior diameter, RA-Ri = renal arterial resistive index, jET-Ri 
= resistive index of ureteral jet flow, jETave = average ureteral jet flow, jETmax = maximum ureteral jet flow, jETpattern = ureteral jet flow wave form 
pattern. p was calculated by wilcoxon signed ranks test between paired data. #Chi-square analysis. *pearson’R correlation analysis

for RTx kidneys. Therefore, D-US evaluation of uret-
eral jet dynamics performed at regular intervals and 
JETave, JETmax, and JETpattern measured after DJS 
removal may provide important data about reno-ure-
teral physiology. Our study continues, and measure-
ments will be received at regular intervals. At the 
end of the study, all of these data will provide normal 
ranges for reno-ureteral unit dynamics in healthy 
RTx kidney, similarly to this preliminary paper. 
After receiving and knowing the normal ranges for 
the dynamics, alterations can be investigated and 
interpreted for complicated RTx patients compared 
to healthy RTx patients.

There are some limitations to our study. The study 
included a small number of patients and did not include 
measurement of ureteral jet frequency. Moreover, the 
cohort did not include any control group. However, it 
included short-term preliminary results of an obser-
vational cohort, and it is part of an ongoing study with 
a large cohort investigating all D-US measurements.

CONCLUSIONS

In conclusion, nonobstructive PCSD rate and ure-
teral jet flow velocities significantly decreased over 
time after RTx and DJS removal. Also, monopha-
sic and square JETpattern rates were observed to 
increase over time significantly. Ureteral jet dynamics 

measured by D-US can provide useful information 
about the follow-up of peristaltic activity in the pel-
vic-ureteric system in relation to the health of RTx 
kidneys after DJS removal.
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RESUMO

OBJETIVOS: Investigar prospectivamente as alterações e as variações normais da dinâmica do jato ureteral após a remoção do J-stent 
duplo (DJS) em pacientes submetidos a transplante renal (RTx).

MÉTODOS: Pacientes submetidos a RTx foram avaliados prospectivamente entre novembro de 2017 e junho de 2018. Após o RTx, o D-US 
foi realizado em todos os pacientes após a remoção do DJS. Índice de resistência da artéria renal (RA-Ri), diâmetro ântero-posterior da 
pelve renal (AP-DPR), dilatação do sistema pelvicaliceal (PCSD) e dinâmica do jato ureteral (velocidade máxima e média; JETmax e 
JETave) foram medidos por D-US. Além disso, a demografia dos pacientes, os níveis estimados de taxa de filtração glomerular (eGFR) e 
a rejeição aguda foram investigados no estudo. Os pacientes foram avaliados em dois momentos diferentes pelo D-US, cerca de 6 e 12 
semanas após a remoção do DJS, e as duas medidas diferentes foram comparadas com o teste de Wilcoxon e o teste do qui-quadrado.

RESULTADOS: Um total de 25 pacientes foi avaliado no estudo. Taxa de PCSD não obstrutiva (12% vs. 8%), JETave (18,8 vs. 12,9 cm/seg) e 
JETmax (29,2 vs. 20 cm/seg), os níveis foram significativamente diminuídos (valores de p são 0,01, 0,010 e 0,014, respectivamente). Além 
disso, as taxas de padrão monofásico e quadrado foram significativamente observadas para aumentar ao longo do tempo (p=0,035); 
no entanto, padrões de jato ureteral foram correlacionados entre as duas diferentes medidas D-US (R=0,225, p=0,032).

CONCLUSÃO: Após o RTx, a velocidade de dilatação e as velocidades de fluxo do jato ureteral foram significativamente diminuídas e as 
taxas de JET padrão monofásico e quadrado foram significativamente aumentadas ao longo do tempo. A dinâmica do jato ureteral 
pode fornecer informações úteis sobre o acompanhamento da atividade peristáltica no sistema pélvico-ureteral.

PALAVRAS-CHAVE: Transplante de rim. Micção/fisiologia. Urodinâmica/fisiologia.


