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PURPOSE
To evaluate the feasibility and usefulness of cine magnetic resonance urography (cine MRU) as a 
novel postoperative examination after upper urinary tract reconstruction surgery.

METHODS
Ninety-six patients underwent cine MRU for postoperative evaluation between August 2015 and 
August 2020. The morphological observations included regular peristalsis, anastomosis, urine flow 
signals, and reflux. The quantitative evaluations included luminal diameter, peristaltic amplitude, 
contraction ratio, peristaltic waves, and ureteric jets. The surgical outcomes were classified as suc-
cess, gray area, or failure by combining the results of cine MRU, symptoms, and the degree of hy-
dronephrosis.

RESULTS
There was no obvious stenosis of the anastomosis in 83 patients (86.46%). Regular peristalsis of the 
ureter and signals of urination was observed in 85 (88.54%) and 84 patients (87.50%), respectively. 
In addition, three patients (3.13%) showed urine reflux. The patients in both the success group and 
the gray area group showed significantly different creatinine levels (success 86.2 ± 22.3 µmol/L vs. 
failure 110.7 ± 8.2 µmol/L, P = 0.016; gray area 81.0 ± 20.0 µmol/L vs. failure 110.7 ± 8.2 µmol/L, P 
= 0.009) and estimated glomerular filtration rate (success: 88.5 ± 23.1 mL/min·1.73 m2, failure: 61.6 
± 14.1 mL/min·1.73 m2, P = 0.014; gray area: 94.7 ± 24.6 mL/min·1.73 m2, failure: 61.6 ± 14.1 mL/
min·1.73 m2, P = 0.007) compared to those in the failure group. The ipsilateral split renal function 
was 33.6 ± 15.0, 24.5 ± 13.4, and 20.1 ± 0.4 mL/min in the success, gray area, and failure groups, 
respectively (P = 0.354).

CONCLUSION
Cine MRU demonstrates the morphology and function of the reconstructed upper urinary tract. 
The results of cine MRU can be used to evaluate the surgical effect, providing guidance for further 
treatment.
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Ureteral stenosis can lead to hydronephrosis, recurrent urinary tract infections, or deteri-
oration of renal function. Surgical management mainly focuses on solving the problem 
of lumen obstruction. However, ineffective peristalsis or no peristalsis of the ureter may 

still exist after reconstruction surgeries.1 Moreover, a wide ureter often needs a relatively long 
time to recover. Because existing follow-up examinations are static assessments, it is difficult 
to assess the function of the ureter and distinguish between physiological and pathological 
dilatation. 
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Cine magnetic resonance imaging (cine 
MRI), which captures a number of sequential 
images over a short period of time, enables 
the dynamic evaluation of an organ’s func-
tion.2 Recent advances in cine MRI techniques 
allow visualization of peristaltic movement 
directly and clearly, thus making it a useful 
tool in the fields of cardiology, obstetrics, gy-
necology, and gastroenterology.2-6 Urine is a 
natural contrast agent, and the ureter anato-
my is well visualized by the cine MRI method 
in T2-weighted images.7 However, the role 
of cine magnetic resonance urography (cine 
MRU) in the postoperative evaluation of the 
reconstructed upper urinary tract has not yet 
been reported. The purpose of the present 
study is to evaluate the feasibility and use-
fulness of cine MRU as a novel postoperative 
examination after upper urinary tract recon-
struction surgery. 

Methods	

Patients

A total of 692 patients underwent surgi-
cal treatment for ureteral strictures between 
August 2015 and August 2020. Out of this 
number, 96 patients underwent cine MRU for 
postoperative evaluation. The inclusion crite-
ria included patients who received surgical 
treatment for ureteral stenosis and volun-
teered to undergo cine MRU for postopera-
tive evaluation. The exclusion criteria were as 
follows: (1) no surgery was performed or sur-
gery was intolerable; (2) ureteral stents or ne-
phrostomy tubes had not been removed; (3) 
patients refused to undergo cine MRU; or (4) 
patients were unable to cooperate, resulting 
in failure of the MRU examination or blurred 
images. Data regarding patient characteris-
tics, symptoms, degree of hydronephrosis, 
renal function, surgical strategies, and com-
plications were collected. This study was 
approved by our ethics committee (no: 2020-
SR-283) and performed in accordance with 
the ethical standards of the 1964 Declaration 
of Helsinki and its subsequent amendments. 

Written informed consent was obtained from 
all patients in the study.

Protocol 

All cine MRUs were performed using a 
3-T system with a phased-array torso surface 
coil (Signa Excite TM; GE Medical Systems, 
Milwaukee, WI, USA). The reconstructed 
upper urinary tract was identified using a 
coronal localizer. Static T2-weighted HASTE 
sequence images, which covered the entire 
upper urinary tract, were obtained. Using 
HASTE sequences, the following parameters 
were applied: field of view= 36 × 36 cm, rep-
etition time= 800 ms, flip angle= 80°, section 
thickness= 70 mm, matrix= 512, temporal 
resolution= 0.5 seconds, scan time= 1 sec-
ond, and time interval= 13 seconds. A series 
of 30 consecutive specific coronal images 
was obtained to form a cine loop within a 
scan time of 407 s.

Image analysis and data sampling

Image analysis was performed by two 
experienced radiologists using a Picture 
Achieving and Communication System 
workstation. Morphological evaluation was 
performed first by considering the following 
factors: (1) whether the upper urinary tract 
was dilated; (2) whether the peristalsis of the 
reconstructed upper urinary tract was regu-
lar and effective; (3) whether the anastomosis 
was narrow; (4) whether the urine flow signal 
was unobstructed; and (5) whether reflux 
existed. Further quantitative measurements 
taken included luminal diameter, amplitude, 
contraction ratio, and ureteric jet frequency. 
When the radiologists had disagreements on 
morphological evaluation, discussions took 
place to reach a consensus. For the quanti-
tative measurements, we took an average of 
the evaluation results as reported by the two 
radiologists.

Follow up

Patient follow-ups were managed at 1, 3, 
6, and 12 months after surgical treatment, 
then at least once every 6 months. The pa-
tients regularly received symptom evalua-
tion, physical examinations, routine urine 
tests, blood tests [including serum creatinine, 
estimated glomerular filtration rate (eGFR), 
electrolytes, and blood gas analysis only for 
the ileal ureter], and ultrasound at each vis-
it. Cine MRU, renal scintigraphy, and diuretic 
renograms were performed 3–6 months af-
ter the surgery. Surgical success was defined 
as relief of symptoms and improved/stable 
hydronephrosis.

Statistical analysis

The surgical outcomes were classified 
into three categories as follows: success 
(unobstructed anastomosis and regular 
peristalsis in cine MRU, relieved symptoms, 
and improved/stable hydronephrosis), gray 
area (abnormalities in cine MRU but relief 
of symptoms, and improved/stable hydro-
nephrosis), and failure (abnormalities in 
cine MRU, no relief of symptoms, and dete-
riorated hydronephrosis). All analyses were 
performed using SPSS Statistics version 24.0 
(IBM Corporation). Normally distributed con-
tinuous variables were presented by mean ± 
standard deviation, non-normally distribut-
ed continuous variables were presented by 
median (minimum to maximum), and cate-
gorical variables were presented by frequen-
cy and percentage. The Kolmogorov–Smirn-
ov test was used to check whether variables 
had normal distribution. The frequency of 
categorical variables was compared using 
chi-square tests. The Fisher–Freeman–Hal-
ton test was used when there was a problem 
with expected count. Differences among the 
three subgroups were analyzed by either 
One-Way analysis of variance for normally 
distributed variables or a Kruskal–Wallis test 
for non-normally distributed variables, and 
statistical significance was further subject-
ed to Bonferroni post-hoc analysis. Positive 
coincidence rate, negative coincidence rate, 
and Cohen’s κ coefficient were calculated to 
evaluate the concordance of morphological 
evaluation between the two radiologists. 
A weighted κ value was used if more than 
two raters were considered. To analyze the 
reliability of the normally distributed con-
tinuous variables, the intraclass correlation 
coefficient (ICC) was calculated with the 
Two-Way random, absolute agreement, and 
single measures method. Linear regression 
analysis using the enter method was used to 
examine the effects of age, body mass index, 
preoperative creatinine, luminal diameter, 
peristaltic amplitude, and ureteric jet fre-
quency on postoperative split renal function. 
A two-sided P < 0.050 was considered statis-
tically significant.

Results
A total of 96 patients completed cine MRU 

after upper urinary tract reconstruction, and 
the mean age of the patients was 38.0 ± 13.8 
years. The reconstructive strategies included 
ileal ureter (n = 38, 39.58%), pyeloplasty (n 
= 21, 21.88%), ureteroneocystostomy (n = 
9, 9.38%), Boari flap (n = 7, 7.29%), balloon 
dilation (n = 6, 6.25%), lingual mucosal ure-
teroplasty (n = 5, 5.21%), appendiceal uret-

Main points

•	 Cine magnetic resonance urography (cine 
MRU) displays both the morphology and 
function of the postoperative upper urinary 
tract.

•	 The results of cine MRU can be used to eval-
uate the surgical effect.

•	 Cine MRU provides guidance for further 
treatment in patients who undergo upper 
urinary tract reconstruction surgery.
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eroplasty (n = 3, 3.13%), endoureterotomy 
(n = 4, 4.17%), ureteroureterostomy (n = 1, 
1.04%), ureterolysis (n = 1, 1.04%), and kid-
ney autotransplantation (n = 1, 1.04%). The 
characteristics and comparisons in the suc-
cess, gray, and failure groups are shown in 
Table 1. 

Figure 1 shows the cine MRU imaging of 
the reconstructed upper urinary tract after 
different surgical strategies (see Supplemen-
tary Videos 1-10 for the video results). The 
positive coincidence rate, negative coinci-
dence rate, and the Cohen’s κ coefficient val-
ues are shown in Table 2 for the evaluation of 
anastomotic stenosis, regular peristalsis, ure-
teral jet, and reflux. The ICC of diameter and 
amplitude were 0.999 [95% confidence in-
terval (CI) (0.615–1.000), P < 0.001] and 0.996 
[95% CI (0.898–0.999), P < 0.001], respective-
ly. The weighted κ value of the frequency of 
ureteral jets was 0.958 [95% CI (0.923–0.992), 
P < 0.001]. There was no obvious stenosis 

of the anastomosis in 83 patients (86.46%). 
Regular peristalsis of the ureter and urination 
signals were observed in 85 (88.54%) and 84 
patients (87.50%), respectively. In addition, 
three patients (3.13%) had urine reflux when 
asked to urinate. The specific parameters 
of cine MRU according to different surgical 
strategies are shown in Supplementary Table 
1. Linear regression analysis showed that di-
ameter (P = 0.153), amplitude (P = 0.565), and 
frequency of ureteric jet (P = 0.220) cannot 
predict the postoperative split renal function 
(Table 3 and Supplementary Table 2).

The patients in both the success and gray 
area groups showed significantly different 
creatinine levels (success: 86.2 ± 22.3 µmol/L 
vs. failure: 110.7 ± 8.2 µmol/L, P = 0.016; gray 
area 81.0 ± 20.0 µmol/L vs. failure: 110.7 
± 8.2 µmol/L, P = 0.009) and eGFR (success 
88.5 ± 23.1 mL/min·1.73 m2 vs. failure: 61.6 
± 14.1 mL/min·1.73 m2, P = 0.014; gray area: 
94.7 ± 24.6 mL/min·1.73 m2 vs. failure: 61.6 ± 

14.1 mL/min·1.73 m2, P = 0.007) compared to 
those in the failure group. The ipsilateral split 
renal function was 33.6 ± 15.0, 24.5 ± 13.4, 
and 20.1 ± 0.4 mL/min in the success, gray 
area, and failure groups respectively, without 
significant differences (P = 0.354) (Table 4).

Discussion
The transportation of urine depends on 

the peristalsis of the ureter and hydrostatic 
pressure of the upper urinary tract.8 Some 
pathological conditions have been high-
lighted as interfering with ureter contraction 
and triggering dysfunction.1 Since the effects 
of long-term hydrostatic expansion and sur-
gical operations on the smooth muscle of 
the ureter cannot be ignored, postoperative 
evaluation for the reconstructed upper uri-
nary tract should provide more information 
to clarify the entire urination process.9

Table 1. Baseline characteristics of patients and comparisons in different groups

Success Gray area Failure P value

n 83 (86.46%) 8 (8.33%) 5 (5.21%)

Gender 1.000

	 Male 39 (46.99%) 4 (50.00%) 2 (40.00%)

	 Female 44 (53.01%) 4 (50.00%) 3 (60.00%)

Age (years) 38.0 ± 13.4 36.5 ± 21.4 40.2 ± 6.6 0.897

BMI (kg/m2) 22.8 ± 4.4 20.6 ± 3.0 24.0 ± 2.9 0.391

Side 0.336

	 Left 40 (48.19%) 3 (37.50%) 1 (20.00%)

	 Right 34 (40.96%) 4 (50.00%) 2 (40.00%)

	 Bilateral 9 (10.84%) 1 (12.50%) 2 (40.00%)

Location -

	 Upper 37 (44.58%) 2 (25.00%) 2 (40.00%)

	 Middle 9 (10.84%) 0 (0%) 2 (40.00%)

	 Lower 31 (37.35%) 6 (75.00%) 1 (20.00%)

	 Multiple 1 (1.20%) 0 (0%) 0 (0%)

	 Unknown 5 (6.02%) 0 (0%) 0 (0%)

Stricture length (cm) 8.5 (0.5–30.0) 1.1 (1.0–5.0) 10.0 (5.0–21.0) 0.081

Symptoms -

	 Flank pain 31 (37.35%) 2 (25.00%) 1 (20.00%)

	 Fever 7 (8.43%) 0 (0%) 0 (0%)

	 Nausea or vomit 3 (3.61%) 2 (25.00%) 1 (20.00%)

	 Hematuria 4 (4.82%) 0 (0%) 0 (0%)

	 Abdominal pain 4 (4.82%) 0 (0%) 0 (0%)

	 Anasarca 1 (1.20%) 0 (0%) 0 (0%)

	 Asymptomatic 33 (39.76%) 4 (50.00%) 3 (60.00%)

Preoperative creatinine (µmol/L) 81.8 ± 25.6 92.9 ± 47.9 108.5 ± 22.4 0.079

Preoperative ipsilateral split renal function (mL/min) 32.1 ± 17.1 43.0 ± 15.6 30.0 ± 15.6 0.663

BMI, body mass index.
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Figure 1. Cine magnetic resonance urography imaging of reconstructed upper urinary tract after different surgical strategies. (a) Ureterouretostomy, (b) 
ureteroneocystostomy, (c) pyeloplasty, (d) Boari flap, (e) kidney autotransplantation, (f) lingual mucosa graft ureteroplasty, (g) appendiceal ureteroplasty, (h) 
megaureter, (i) ileal ureter, (j) bilateral ileal ureter
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The diameter of the normal ureter is 1–6 
mm.10,11 In our study, the average diameter 
of the ureter lumen after the operation was 
larger than normal. The reconstructed upper 
urinary tract often fails to fully return to nor-
mal. However, we found that diameter and 
peristaltic amplitude were not significantly 
correlated with postoperative renal func-
tion as long as the anastomosis was not nar-
rowed. Routine postoperative examinations 
only evaluate the degree of upper urinary 
tract dilatation and do not truly reflect the 
patient’s recovery.12 Therefore, it is necessary 
to consider the morphology and quantita-
tive information of the dilated reconstructive 
upper urinary tract.

Cine MRU provides high-contrast-reso-
lution images with detailed information to 
demonstrate the general morphology of the 
postoperative upper urinary tract, including 
not only peristalsis but also the presence of 
fixed stenoses.13 Dynamic images showed 
that ureteral stenosis disappeared and that 

urine could pass smoothly in a small por-
tion of patients who had suspected anasto-
motic stenosis, which may have been due to 
pseudolumen stenosis caused by postopera-
tive inflammation and thickening of the wall. 
In addition, our results showed that the fixed 
stenosis had an impact on the recovery of 
postoperative renal function. Therefore, ste-
nosis captured by cine MRU images requires 
further treatment to protect renal function.

A previous study has confirmed that urine 
flow and ureteric jets could be visualized in 
cine MRU as low-signal waves.13 Observation 
of the urine jet is strong evidence that the 
reconstructed upper urinary tract is capable 
of transporting urine, and it is also prevents 
complete ureteral obstruction.14,15 Moreover, 
the ureteric jet is affected by the diameter 
and contraction of the ureter.16 The frequen-
cy of ureteric jets also changed accordingly. 
For unilateral ureteral surgery, the ureteric 
jets of the contralateral ureter can be used as 
a reference.

The definition of successful reconstruc-
tion in previous studies mainly relied on the 
relief of symptoms and the relief of obstruc-
tion, as is shown in images.17 Tseng et al. 18 
evaluated the success of ureteral reconstruc-
tion, where they reduced overestimation of 
the success rate by a trifecta outcome, which 
was defined as reserved renal function, no 
progression of hydronephrosis, and no long-
term stent placement. However, the evalua-
tion criteria were relatively subjective.

In the present study, surgical outcomes 
were divided into success, gray area, and 
failure categories, combining the results of 
cine MRU, symptoms, and the degree of hy-
dronephrosis. The creatinine levels and eG-
FRs of patients were significantly worse in 
the failure group compared to the success 
and gray area groups. The split renal func-
tion gradually decreased in the success, gray 
area, and failure groups, but there were no 
statistically significant differences. We con-
sidered that the sample size was not large 

Table 2. Consistency analysis of the morphological evaluation in cine magnetic resonance urography between two radiologists

Positive coincidence rate Negative coincidence rate κ value P value

Anastomotic stenosis 0.988 0.923 0.911 <0.001

Regular peristalsis 1.000 0.909 0.947 <0.001

Ureteral jet 1.000 1.000 1.000 <0.001

Reflux 1.000 1.000 1.000 <0.001

Table 3. Linear regression analysis of postoperative ipsilateral split renal function

β 95% CI Adjusted R square P value*

Age (years) −0.274 −0.653–0.105 0.035 0.151

BMI (kg/m2) −0.770 −2.110–0.570 0.004 0.248

Preoperative creatinine (µmol/L) −0.195 −0.373–0.018 0.112 0.032

Diameter (mm) −0.641 −1.537–0.255 0.045 0.153

Amplitude (mm) −0.209 −0.932–0.513 0.005 0.565

Jet 1.635 −1.040–4.310 0.021 0.220

*The P values of the regression model and the coefficient are the same for simple linear regression. β, unstandardized regression coefficient; CI, confidence interval; BMI, body 
mass index.

Table 4. The postoperative creatinine, eGFR, and split renal function in the success, gray area, and failure groups

Creatinine (μmol/L) eGFR (mL/min·1.73 m2) Ipsilateral split renal function (mL/min)

Success 86.2 ± 22.3 88.5 ± 23.1 33.6 ± 15.0

Gray 81.0 ± 20.0 94.7 ± 24.6 24.5 ± 13.4

Failure 110.7 ± 8.2 61.6 ± 14.1 20.1 ± 0.4

P value

	 Overall 0.016 0.007 0.354

	 Success vs. failure 0.016 0.014 -

	 Gray vs. failure 0.009 0.007 -

	 Success vs. gray 0.613 0.564 -

eGFR, estimated glomerular filtration rate.
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enough to reach significant results. There-
fore, we proposed that patients in the fail-
ure group should receive surgical treatment 
again to save ipsilateral renal function, while 
those in the gray area should receive active 
surveillance, which helps identify abnormal-
ities and determine subsequent strategies. 
Regular follow-up was sufficient for patients 
who were evaluated as having a successful 
outcome. 

For the upper urinary tract without hydro-
nephrosis, cine MRU is not recommended for 
postoperative follow-up. The ureter is long, 
tortuous, and has a thin lumen. Compared 
to the heart and uterus, the target is smaller 
and the variation is greater.19 It is not easy to 
obtain a complete upper urinary tract image 
in the coronal position. In this study, patients 
with an unclear or not developed ureter had 
symptom relief and normal renal function 
during follow-up. Therefore, we recommend 
using the ultrasound results as the basis for 
further performance of cine MRU.

There were some limitations to our study. 
First, the index evaluation of cine MRU need-
ed to be done manually. It is difficult to avoid 
visual differences between different observ-
ers. In addition, the quantitative method of 
analysis was time-consuming. Second, it is 
important to determine the quantitative cri-
teria to further standardize the evaluation of 
cine MRU.20 Third, the quantitative measure-
ment of urine flow and velocity would help 
in further understanding the upper urinary 
tract urination function. At present, it has 
been reported that four-dimensional flow 
MR is useful in the cardiovascular field,21 
and additional studies should focus on this 
issue. Finally, the patients included in this 
study had different severities of preopera-
tive hydrops and different treatment modal-
ities were adopted, which may lead to bias. 
Therefore, larger sample sizes are needed in 
the future.

In conclusion, cine MRU allows for an inno-
vative view of the excretion process of urine. 
Dynamic images demonstrate the morphol-
ogy and function of the postoperative upper 
urinary tract. The results of cine MRU can be 
used to evaluate the surgical effect by classi-

fying surgical results into success, gray area, 
or failure categories, thereby providing guid-
ance for further treatment. For non-dilated 
ureters, the effect of cine MRU is poor.
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Cine MRU for reconstructed ureter • 7

Supplementary Video 1. Cine magnetic resonance urography imaging after ureterouretostomy

https://www.youtube.com/shorts/oPRtOb-aJdY

Supplementary Video 2. Cine magnetic resonance urography imaging after ureteroneocystostomy

https://www.youtube.com/shorts/xWGUFvFDFo0

Supplementary Video 3. Cine magnetic resonance urography imaging after pyeloplasty

https://www.youtube.com/shorts/udUPge8w2nQ

Supplementary Video 4. Cine magnetic resonance urography imaging after Boari flap

https://www.youtube.com/shorts/GcaSR-DmHys

Supplementary Video 5. Cine magnetic resonance urography imaging after kidney autotransplantation 

https://www.youtube.com/shorts/MYWhO5oihJs

Supplementary Video 6. Cine magnetic resonance urography imaging after lingual mucosa graft ureteroplasty

https://www.youtube.com/shorts/ueQI1XyT9Y4

Supplementary Video 7. Cine magnetic resonance urography imaging after appendiceal ureteroplasty

https://www.youtube.com/shorts/PkllzrLPNa4

Supplementary Video 8. Cine magnetic resonance urography imaging after megaureter

https://www.youtube.com/shorts/etjvoPvj5YQ

Supplementary Video 9. Cine magnetic resonance urography imaging after ileal ureter

https://www.youtube.com/shorts/lmMePNKrj2A

Supplementary Video 10. Cine magnetic resonance urography imaging after bilateral ileal ureter

https://www.youtube.com/shorts/CxA_Se3fbeY
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