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INTRODUCTION
Urolithiasis is a very common disease that can affect all
age groups and is seen in 1-13% of the general popula-
tion depending on regional differences (1, 2). 
Obstructing impacted ureteric stones require removal on
time to decompress the upper urinary tract and to avoid
possible renal functional, morphological alterations
which may be irreversible in some cases (3, 4).
Depending on the departmental principles and surgeons
preference, drainage of renal collecting system obstruct-
ed by such stones could be performed by placement of
either a percutaneous nephrostomy tube or an indwelling
ureteric stent. Both approaches are being accepted as
equally effective by the EAU guidelines (5). Although
randomized controlled studies could not demonstrate
any significant difference between these two techniques,
most urologists tend to insert a stent with this aim (6-8).
Ureteral stenting is a commonly performed procedure to
drain the collecting system particularly in cases with
impacted stones in whom the spontaneous stone passage is
less likely and the conservative medical management is
ineffective. Additionally this approach is mandatory when
evident hydronephrosis and infective symptoms are pres-
ent (9-13). However, highly limited data is available
regarding the course of renal functional and morphological
recovery after stenting on a time dependant manner.
Additionally no commonly accepted or established consen-
sus is available regarding the optimal indwelling time of a
ureteral stent in these cases. To our knowledge our study is
the first evaluating the course of functional and morpho-
logical recovery following JJ stenting on a time dependant
manner in cases with obstructive impacted ureteral calculi.
Among the markers of renal damage, as a type-1 trans-
membrane protein, urinary kidney injury molecule-1 (KIM-
1) is not normally present in urine and its excretion has
been found to increase as a valuable indicator of kidney
injury along with histopathological changes in the proximal
tubule in response to many pathophysiological states
including obstruction. Again neutrophil gelatinase-associated
lipocalin (NGAL), an iron-transporting protein was found to
accumulate in urine rapidly after nephrotoxic and ischemic
insults. It was used as an early, sensitive biomarker for
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acute kidney injury (14-16). Lastly, by providing informa-
tion about the changes in microvascular blood flow, renal
parenchymal doppler sonographic evaluation of the vascu-
lar impedance renal resistivity index (RRI) may be helpful in
the asssessment of the functional or structural changes
caused by acute and chronic obstructive renal diseases (17-
19). We aimed to evaluate the time dependant functional
and morphological recovery of obstructed kidneys after JJ
stenting in cases with impacted ureteral stones. Optimal
time period for stenting to achieve a complete renal recov-
ery following obstruction relief was also evaluated.

MATERIALS AND METHODS

Study design and participants
This prospective study was conducted in line with the eth-
ical standards specified by the Declaration of Helsinki and
following receipt of local ethical committee approval
(2019/14-132). Informed consent was obtained from all
individual participants included in the study. The data
derived from 42 adult patients with a single impacted uni-
lateral obstructing ureteral stone requiring JJ stent place-
ment were evaluated in a prospective manner. Patients
with bilateral, multiple stones, previous stone-related pro-
cedures, pregnancy, active urinary infection, renal tumour,
congenital anomalies, solitary kidneys and a treatment of
nephrotoxic drugs were excluded. Following the manage-
ment of colic pain, in 42 cases with impacted ureteric
stones obstruction has been decompressed by indwelling
ureteral stenting. In addition to a non-contrast computed
tomography (NCCT), plain X-ray of the kidney and urinary
ultrasonography were also done to assess the degree of
hydroneprosis and follow-up of the cases. Degree of
hydronephrosis was graded as mild, moderate and severe.
Kidney dimensions and the density (HU), size, side, local-
ization of the stone and the diameter of the ureter above
the stone were recorded. Patients with impacted obstruct-
ing ureteric stones with evident hydronephrosis were treat-
ed with a double J stent placement for an effective decom-
pression and to evluate the functional as well as morpho-
logical changes on a time based manner. Following the
stenting, the degree of hydronephrosis, perirenal staining
and upper ureteral diameter were outlined on CT images
and urinary ultrasonography to evaluate the course of mor-
phologic recovery; the value of RRI assessed on Doppler
sonography, urinary KIM-1, NGAL and urinary microal-
bumin levels were measured for functional recovery
before, 1 day, 1 week and 4 weeks after JJ stent placement.

Collection of urine specimens
Midflow urine samples of the patients were obtained
before, 1 day, 1 week and 1 month after the procedure.
Urine (10 mL) was collected in plastic tubes, without any
specific preservative. The urine samples obtained from
all cases were centrifuged at 2000-3000 rpm for 20 min
at + 4°C. The supernatant urine samples were transferred
to Eppendorf tubes. The samples were kept in a deep
freezer system at -80°C until analysis.

Measurement of NGAL and KIM-1 in the urine
The urinary NGAL and KIM-1 levels were measured with

enzyme-linked immunosorbent assay (ELISA) method by
using the human NGAL ELISA kit (Sunred Biological
Technology Co., Ltd, Shanghai, China, Cat. No: 201-12-1720)
and the human KIM-1 ELISA kit (Sunred Biological
Technology Co., Ltd, Shanghai, China, Cat. No: 201-12-1100)
in accordance with the manufacturer’s instructions. The
analysis was performed with a ChemWell® Automated EIA
and Chemistry Analyzer device (Awareness Technology, Inc.;
Miami, USA). Each sample was measured in duplicate and
the obtained values were expressed as ng/ml.

Measurement of blood urea nitrogen (BUN), 
creatinine and urinary microalbumin
BUN, creatinine and urinary microalbumin were meas-
ured using Abbott kits on Architectc16000 (Abbott
Diagnostics, Illinois, USA) device.

Statistical analysis
Recruitment and evaluation of the research data in this
study was done by using Statistical Package fort the Social
Science (SPSS) v24 for Windows program. Categorical vari-
ables were expressed with numbers and percentages; val-
ues, numerical variables were expressed with mean and
standard deviation values. The consistency of the numeri-
cal variables to the analysis was searched by using
Kolmogorov Smirnov Test. Mann-Whitney U and Chi-
square tests were used in the evaluation of the obtained
data, Friedman test was used in the comparison of the
repeatedly assessed parameters without normal distribu-
tion, and lastly Wilcoxon Signed Rank test and Bonferoni
correction were used for the comparison of the parameters
within the group. Statistically significance value has been
accepted to be p < 0.05. 

RESULTS
In the group of 42 adult patients (> 18 years, M/F 3.6),
mean age was 41.86 ± 13.61 (23-67) years, mean stone
size was 10.16 ± 1.99 (7-14) mm. The overall mean body
mass index (BMI) of these cases was 25.35 ± 2.74 (19.2-
29.4) kg/m2. Majority of the stones (40.5%) was located
in the upper ureter. Patient demographics along with
stone related parameters are given in Table 1. 

Table 1. 
Patients' demographic features and stone characteristics.       

Mean ± SD/n (%) Median (min-max)
Age 41.86 ± 13.61 41 (23-67)
Gender

Male 33 (78.6)
Female 9 (21.4)

BMI ( kg/m2)    25.35 ± 2.74 25.60 (19.20-29.40)
Stone side

Right 22 (52.4)
Left 20 (47.6)

Stone size (mm) 10.16 ± 1.99 9.95 (7-14)
Stone localization 

Lower 16 (38.1)
Mid 9 (21.4)
Upper 17 (40.5)

Stone density (HU) 649.60 ± 207.66 626.50 (336-1016)

BMI = Body Mass Index, HU = Hounsfield Units.
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Morphologic recovery of the affected kidneys 
following JJ stent insertion
Comparative evaluation of the baseline renal diameters
of the affected kidneys with normal values revealed a sta-
tistically significant difference before and during early
phase of the follow-up period (p = 0.002, p < 0.001,
p < 0.001, respectively). Evaluation of values in the
obstructed kidneys showed that while there was an
insignificant difference between 1 day and 1 week eval-
uation (p = 0.637), a significant difference was noted
between baseline and 1-month evaluation findings
(p = 0.001, p < 001, p < 001, respectively). 
These findings emphasized the necessity of keeping JJ
stent in place for at least a period of 4 weeks particular-
ly in severely obstructed kidneys to catch the
values of normal kidneys (108.92 ± 8.15 mm
vs 109.92 ± 7.94 mm) (p = 0.566).
Evaluation of the mean ureteral diameter above
the impacted stone site showed a significant
decrease (p < 0.001) which came down to the
normal size of a ureter after 4 weeks.
Assessment of the hydronephrosis level in our
cases revealed that while majority of the kid-
neys had a moderate or severe hydronephrosis
(31% and 69%) prior to stenting; there was no
or mild hydronehrosis detected during 1-
month follow-up evaluation. Detection of
moderate hydronephrosis in a certain percent
of these cases still during both 1 day (38.1%)
and 7 day (2.4%) follow-up again showed the
importance of keeping the stent in place for at
least a month period. Similarly, the disappear-

ance of perirenal staining (moderate to severe changes)
required 4-weeks in obstructed kidneys. Morphological
changes and related values in the obstructed kidneys are
given on a time dependant manner in Tables 2, 3.

Evaluation of the functional recovery in obstructed kid-
ney after JJ stent insertion
Serum creatinine levels decreased significantly following JJ
stent insertion after 7 days (p < 0.001) and came down to
normal levels at 1-month follow up (0.85 ± 0.15 mg/dL vs
0.83 ± 0.12 respectively). 
Additionally as demonstrated in Table 4, baseline urinary
KIM-1 excretion continued to increase until the end of the
first week after JJ stent insertion, and it returned to normal

Table 3. 
Evaluation of the presence and degree of hydronephrosis 
and perirenal staining in study group cases.

No % (n) Mild % (n) Moderate % (n) Advenced % (n)

Hydronephrosis
Pre-op - - 31.0% (13) 69.0% (29)
Post-op (first day) 2.4% (1) 59.5% (25) 38.1% (16) -
Post-op (first week) 9.5% (4) 88.1% (37) 2.4% (1) -
Post-op (first month) 57.1% (24) 42.9% (18) - -

Perirenal staining
Pre-op 9.6% (4) 19.0% (8) 23.8% (10) 47.6% (20)
Post-op (first day) 11.9% (5) 21.4% (9) 28.6% (12) 38.1% (16)
Post-op (first week) 16.7% (7) 54.7% (23) 26.2% (11) 2.4% (1)
Post-op (first month) 81.0% (34) 19.0% (8) - -

Table 2. 
Kidney morphological parameters and Resistivity Index values.

Pre-op Post-op (first day) Post-op (first week) Post-op (first month) p
Mean ± SD (min-max) Mean ± SD (min-max) Mean ± SD (min-max) Mean ± SD (min-max)

Normal contralateral kidney RI 0.58 ± 0.03  0.58 ± 0.03 0.58 ± 0.02 0.57 ± 0.01 p = 0.407*
(0.52-0.67) (0.54-0.67) (0.53-0.64) (0.54-0.62)

Obstructive kidney RI 0.74 ± 0.04 0.62 ± 0.02 0.59 ± 0.02 0.58 ± 0.02 p < 0.001*
(0.66-0.83) (0.54-0.73) (0.53-0.64) (0.55-0.63)

Normal contralateral kidney size (mm)
Long diameter 108.92 ± 8.15 - - -

90-128
Transverse diamater 52.66 ± 4.64 - - -

44-62
Parenchymal thickness 25.95 ± 3.61 - - -

19-32
Obstructive kidney size (mm) 

Long diameter 111.69 ± 9.51 110.73 ± 8.59 110.54 ± 8.15 109.92 ± 7.94 p = 0.002a

92-133 93-130 92-127 93-126 p = 0.001b

p = 0.009c

Transverse diamater 62.0 ± 6.27 58.71 ± 5.71 56.69 ± 5.31 54.78 ± 4.77 p < 0.001a

48-72 46-69 45-68 45-65 p < 0.001b

p < 0.001c

Parenchymal thickness 31.57 ± 5.57 28.85 ± 4.43 28.33 ± 5.07 27.26 ± 4.99 p < 0.001a

21-43 20-39 20-48 20-46 p < 0.001b

p = 0.002c

Ureter diameter (mm) 18.35 ± 2.95 - - 5.92 ± 1.14 p < 0.001
(12.90-24.10) (3.90-8.20)

RI = Resistivity Index, p = Level of significance, SD = Standard deviation, * = Statistical difference between each other in the pre and post-operative periods, 
a = It shows the statistical difference between the averages of preop and postoperative day 1 of obstructive kidney size, b = It shows the statistical difference between the averages of preop 
and postoperative day 7 of obstructive kidney size, c = It shows the statistical difference between obstructive kidney size on postop 7 day and averages of postop 1 month kidney size.
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levels after 4 weeks (3.52 ± 0.99 ng/ml vs 2.84 ± 0.66
ng/ml, p < 0.001). 
The same findings were observed for the urinary excretion
levels of NGAL which normalized at 1-month evaluation
(604.55 ± 140.28 ng/ml vs 596.87 ± 80.17 ng/ml,
p = 0.895) following a significant initial elevation. 
Evaluation of these two parameters demonstrated that
the functional normalization of the obstructed kidney
occurs after at least 4 weeks later following stenting.
Urinary microalbumin excretion levels however
remained high even until 1-month follow-up with
respect to normal excretion values (Table 4).
Lastly, while the assessment of RRI values of in normal
contralateral kidneys didn’t show any significant differ-
ence during follow-up (p = 0.407), there was a statisti-
cally significant difference between baseline and 1-
month follow-up findings in obstructive kidney (p <
0.001) which came down to the levels of normal levels
after 4 weeks (Table 2).

DISCUSSION
Unilateral ureteral obstruction due to an impacted cal-
culi is a common emergency status requiring a quick
drainage of the upper urinary tract to avoid possible
detrimental alterations in the kidney. Renal interstitial
fibrosis is the characteristic pathological manifestation in
such kidneys which is directly related to the level of
obstruction and renal functional impairment (15, 20).
Rational approach in such cases is the quick relief of
obstruction by insertion of either a nephrostomy tube or
an indwelling double J ureteral stent before making an
elective treatment plan. Although placement of a
nephrostomy tube directly into the dilated collecting sys-
tem is considered to be a more effective and rapid
drainage method, this approach is more invasive and not
indicated particularly in cases under anticoagulant med-
ication. 
Thus, majority of the urologists conisder placing a dou-
ble J stent as a safe and efficient way of decompression
(21, 22). However, although limited, randomized com-
parative studies demonstrated that the efficacy of both
approaches is equally acceptable (6, 7, 21-24).
Effective decompression of the obstructed kidney by

stenting will result in morphological and functional nor-
malization prior to a planned stone removal procedure
which will certainly increase the success rates and limit
the possible infectious complications. Despite the effec-
tiveness of the use of JJ stents with this aim is accepted,
the optimal time duration of stenting for an adequate
drainage has not been clearly outlined. No evidence
based and commonly accepted time period has been
reported for keeping the stents in place to obtain the
complete normalized status of the kidneys. Most urolo-
gists tend remove stents after 1-2 weeks simply by
checking the degree of dilatation of the upper urinary
tract (25-27).
Current EAU and AUA guidelines contain no definite
information for the optimal duration of stenting in such
cases and practice patterns vary dramatically from 1
week to 3 months depending on the personal experience
and also departmental principles (5, 9). Moreover, no
particular clinical trial had been performed so far to out-
line the course of clinical recovery in these kidneys after
stent placement where the urologists tend to remove the
stents without having any idea about the functional and
morphological status of the kidneys.       
Shigemura et al. evaluated the infection related morbidity
induced by JJ stents concluding that stents staying up to 2
weeks period have less risk of relevant problems (13). In
another study evaluating the calcification risk on stent sur-
face, Kawahara et al. found that stents kept in place for
more than 3 months are associated with higher risk of cal-
cification. Similar studies emphasized the relationship
between time of stenting and encrustation risk of the
stents (28, 29).
Among functional biomarkers of kidney, KIM-1 is a
transmembrane protein that is undetectable in urine of
the healthy cases, but its increased expression was found
to be correlated with ischemic and nephrotoxic kidney
injury. Additionally, its levels has been found to increase
as a result of parenchymal damage induced by urinary
obstruction (14-16). On the other hand, another reliable
biomarker is NGAL, a 25-kDa protein that is secreted by
proximal tubular cells. Published data demonstrated that
NGAL could also be used as one of the most reliable
markers in the assessment of kidney injury after ischemic
or nephrotoxic states among which urinary obstruction

Table 4. 
Evaluation of the urinary KIM-1, NGAL, microalbumin and serum BUN, creatinine levels.

KIM-1 NGAL Urinary micro-albumin BUN Creatinine
Levels ng/ml Levels ng/ml Levels ng/ml Levels Levelsl

Pre-op 2.50 ± 0.57 596.88 ± 92.31 83.59 ± 89.10 33.47 ± 14.43 1.08 ± 0.29 
Mean ± SD (min-max) (1.22-3.51) (362.90-781.56) (5.0-407.0) (9.20-67.70) (0.57-1.89)
Post-op (first day) 3.52 ± 0.99 761.16 ± 137.85 435.54 ± 94.30 24.33 ± 8.11 0.92 ± 0.21 
Mean ± SD (min-max) (2.11-6.15) (483.80-1164.78) (167.0-500.0) (13.0-47.20) (0.60-1.70)
Post-op (first week) 3.34 ± 0.81 686.54 ± 106.10 316.19 ± 142.33 20.66 ± 6.97 0.85 ± 0.15 
Mean ± SD (min-max) (1.94-5.69) (426.87-877.73) (62.0-500.0) (11.0-36.0) (0.59-1.38)
Post-op (first month) 2.84 ± 0.66 604.55 ± 140.28 159.66 ± 112.66 20.91 ± 8.11 0.83 ± 0.12
Mean ± SD (min-max) (1.56-4.46) (333.29-959.15) (23.0-452.0) (10.0-38.0) (0.61-1.08)
P1 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001
P2 p < 0.001 p < 0.001 p < 0.001 p = 0.979 p = 0.769

KIM-1 = Kidney Injury Molecule-1, NGAL = Neutrophil Gelatinase Associated Lipocalin, SD = standard deviation, p = Level of significance.
1Difference with before treatment; 2Difference between 7 days and 1 month after the operation.
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is the most common (16). Lastly, Doppler sonographic
evaluation of the vascular impedance in the renal
parenchyma was used be to evaluate the functional or
structural changes induced by acute and chronic
obstructive renal diseases (17-19). 
In our study, JJ stent placement provided an effective
decompression of the upper urinary tract in obstructed
kidneys with adequate functional and morphological
recovery after 4-weeks. Although most of the parameters
began to decrease after 24 hours and continue to
decrease at 1 week evaluation, the majority of these vari-
ables returned to normal range after 4 weeks period. 
In other words, keeping the stent in place for a minimum
duration of 4 weeks (if there is no other indication for
removal) seems to be important for the functional and
anatomical recovery of the affected kidneys. Our findings
constitute reliable and objective data regarding the opti-
mal duration of stenting in cases with obstruction induced
by impacted ureteral calculi. Early removal of the stent
without complete elimination of the obstructive alter-
ations will leave the kidney with residual functional dete-
rioration and dilatation. This condition may compromise
the outcomes of a planned elective surgery performed for
the removal of obstructing ureteral stone(s). 
Additionally as such approaches, namely shock wave
lithotripy and ureteroscopy, have possible detrimental
effects on the kidneys due to either direct tissue damaging
effects or to the elevated intrarenal pressures, residual dila-
tion and functional deterioration in such kidneys will
make them more prone to infective complications which
will be a main problem during postoperative follow-up
period.

CONCLUSIONS
Impacted ureteral stones will cause obstruction associat-
ed changes in functioning kidneys and quick drainage by
stenting is highly effective to limit the chance of such
detrimental alterations. Our results indicated that
decompression of the obstructed system will let these
kidneys to obtain normal functional and morphological
status after a mimimum time period of 4 weeks limiting
the risk of infective complications after elective treat-
ment. However, we believe that further studies including
large case series are certainly needed.
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