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Strengths and limitations of this study

►► In this study, considering the difficulties in per-
forming a randomised controlled trial, it is possible 
to consider that lowering the incidence of acute 
kidney injury or acute pyelonephritis through early 
obstruction release may have an additional benefit 
in improving prognosis, especially in patients with 
recurrent urolithiasis.

►► There is a possibility that the symptom occurrence 
date was not an obstruction-specific date, and as 
the evidence was required for the spontaneous res-
olution of obstruction release, the document date 
may be later than the actual obstruction release 
date.

►► The results cannot prove a causal relationship, and 
the retrospective aspect of this study may introduce 
selection bias and misclassification.

Abstract
Objective  Obstruction release from urolithiasis can be 
delayed with a lack of suggested time for preventing 
the deterioration of renal function. The objective of 
this study was to investigate the effect of obstruction 
duration, concomitant acute kidney injury (AKI) or acute 
pyelonephritis (APN) during the obstruction on the 
prognosis of renal function.
Design  Retrospective cohort study.
Setting and participants  1607 patients from a 
urolithiasis-related obstructive uropathy cohort, between 
January 2005 and December 2015.
Outcome measures  Estimated glomerular filtration rate 
(eGFR) decrease ≥30% and/or end-stage renal disease 
(ESRD), and eGFR decrease ≥50% and/or ESRD, according 
to obstruction duration, AKI and APN accompanied by 
obstructive uropathy.
Results  When the prognosis was divided by obstruction 
duration quartile, the longer the obstruction duration the 
higher the probability of eGFR reduction >50% (p=0.02). 
In patients with concomitant APN or severe AKI during 
hospitalisation with obstructive uropathy, an eGFR 
decrease of >30% and >50% occurred more frequently, 
compared with others (p<0.001). When we adjusted 
for sex, age, hypertension, diabetes mellitus, APN, AKI 
grades and obstruction release >7 days for multivariate 
analysis, we found that concomitant APN (HR 3.495, 
95% CI 1.942 to 6.289, p<0.001), concomitant AKI (HR 
3.284, 95% CI 1.354 to 7.965, p=0.009 for AKI stage 
II; HR 6.425, 95% CI 2.599 to 15.881, p<0.001 for AKI 
stage III) and an obstruction duration >7 days (HR 1.854, 
95% CI 1.095 to 3.140, p=0.001) were independently 
associated with an eGFR decrease >50%. Tree analysis 
also showed that AKI grade 3, APN and an obstruction 
duration >7 days were the most important factors 
affecting renal outcome.
Conclusions  In patients with urolithiasis-related 
obstructive uropathy, concomitant APN was strongly 
associated with deterioration of renal function after 
obstruction release. The elapsed time to release the 
obstruction also affected renal function.

Introduction
Urolithiasis-related obstructive uropathy is 
increasingly becoming one of the leading 
causes of chronic kidney disease (CKD), 
which is commonly encountered in the 
clinical field.1 2 It occurs worldwide, but the 
incidence and prevalence can vary widely 
from country to country.2–7 The differences 
are generally known to be affected by sex, 
age, regional characteristics (diet habit and 
environment), race, amount of water intake, 
obesity and other comorbidities.8–10

Urolithiasis causes various discomforting 
symptoms, such as severe pain, haematuria or 
lower urinary tract symptoms, which worsen 
quality of life. In addition, it is associated 
with socioeconomic losses in various aspects 
as it often requires invasive treatment, such 
as intervention or surgery to remove stones, 
leading to hospitalisation of an economi-
cally active age population. Patients with 
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urolithiasis commonly experience recurrent episodes of 
ureteral obstruction, or concomitant metabolic disor-
ders such as hyperuricaemia, diabetes mellitus (DM) or 
dyslipidaemia.11 Also, if obstructive uropathy by urolithi-
asis causes additional complications such as acute kidney 
injury (AKI) or infection, and postobstructive diuresis, 
socioeconomic burden is further increased due to longer 
hospital stay and CKD progression.12–16 The incidence of 
acute renal injury due to renal stones has been reported 
to be 0.72%–9.7%. Stone removal improves occlusion 
and restores renal function.17 Therefore, early obstruc-
tion release is thought to have an important effect on 
prognosis, by preventing infections and renal dysfunc-
tion. However, obstruction release from urolithiasis can 
be easily delayed for various reasons in clinical practice 
with the lack of suggested best time for preventing the 
deterioration of renal function.

The purpose of this study was to investigate the effect 
of obstruction duration itself, due to urolithiasis, and the 
effect of concomitant AKI or acute pyelonephritis (APN) 
during the obstruction on the prognosis of renal function.

Materials and methods
Study design and patients
A total of 2314 patients with urolithiasis were screened 
and admitted to Chung-Ang University Hospital (online 
supplementary table S1) from January 2005 to December 
2015. Of these patients, 1607 were eligible for analysis, 
excluding 707: no evidence of obstructive uropathy 
(259), obstruction onset date unknown (187), obstruc-
tion release date unknown (the date the symptom was 
relieved is not specified in spontaneous release or there 
is no image evidence) (175), staghorn stone (55), paedi-
atric patients (12), obstructive uropathy due to other 
causes besides a renal stone (11), and loss of follow-up 
after discharge (8). All included patients were at least 
15 years of age, were admitted to the hospital because 
of obstructive uropathy due to urolithiasis and were able 
to estimate the date of occurrence of the obstruction as 
the symptom date was recorded. Basic clinical parameters 
were collected, such as age at the time of admission, sex, 
underlying comorbidities (hypertension (HT), DM and 
alleged CKD), information on laboratory findings (at the 
time of admission, peak C reactive protein (CRP), highest 
serum creatinine (SCr) and lowest estimated glomer-
ular filtration rate (eGFR)), information about urolithi-
asis (performed radiological modality for diagnosis, 
obstruction site, obstruction side, selected procedure 
to release obstructive uropathy, stone size and grade of 
hydronephrosis), use of pain killers and outcome profiles 
(follow-up eGFR).

Measurement and definition of parameters
Obstruction duration was calculated as the difference 
between the documented symptom onset date and the 
date on which the obstruction was directly resolved by 

procedure, or from the date on which the pain was mark-
edly improved in the spontaneous release patients.

Concomitant APN was defined as the presence of APN 
diagnosis in the medical records or use of antibiotics for 
urinary tract infection treatment for more than 7 days in 
patients with CRP >10 mg/L.

All SCr and eGFR data were collected before, during 
and after admission to confirm baseline renal function 
and AKI during hospitalisation. AKI was defined by SCr 
change as described in the Kidney Disease: Improving 
Global Outcomes clinical practice guideline18: AKI 
was diagnosed when there was an abrupt reduction in 
kidney function, with an absolute increase in SCr level by 
≥0.3 mg/dL within 48 hours and/or an increase of more 
than 1.5-fold from the baseline SCr level within 7 days. 
Then, AKI stages were further evaluated as follows: AKI 
stage I, an increase in SCr 1.5–1.9 times from baseline or 
by ≥0.3 mg/dL; AKI stage II, an increase in SCr of 2.0–2.9 
times from baseline; and AKI stage III, an increase in SCr 
more than 3.0 times from baseline, ≥4.0 mg/dL, or initi-
ation of renal replacement therapy. Urine output criteria 
were not considered due to the inaccuracy of the data, 
which should be collected retrospectively.

The size of the renal stone causing the occlusion was 
measured, with the longest diameter as the most accurate 
image for each patient. Hydronephrosis was divided into 
four grades (I–IV), with reference to existing literature19: 
grade I, dilation of the renal pelvis without dilatation 
of the calyces; grade II, dilation of the renal pelvis and 
calices, which become convex, and no signs of cortical 
thinning; grade III, the presence of cortical thinning; and 
grade IV, massive dilation of the renal pelvis and calices, 
with severe cortical thinning.

Primary and secondary objectives
The primary objective of this study was to evaluate 
whether the duration of urinary tract obstruction affects 
renal outcome. The secondary objective was to evaluate 
whether AKI, APN or both events affect renal outcome. 
Renal outcomes were evaluated with an eGFR decrease 
≥30% and/or end-stage renal disease (ESRD), and an 
eGFR decrease ≥50% and/or ESRD. Each renal outcome 
was collected from an event that occurred 3 months after 
discharge from obstructive uropathy.

Statistical analysis
Analyses and calculations in this study were performed 
using SPSS Statistics V.20.0 and R V.3.4.4 (R Foundation 
for Statistical Computing, Vienna, Austria). Continuous 
variables did not satisfy normality tests, so non-parametric 
tests (Mann-Whitney U test) were performed and median 
(minimum–maximum) was provided. For categorical 
variables, data were expressed as number (percentage) 
and compared using the χ2 test. Renal outcome-free 
survival rates were also performed using the Kaplan-Meier 
method, and comparison between groups was performed 
using the log-rank test. Building tree-based regression 
and classification models (decision and survival tree 
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Table 1  Characteristics according to obstruction duration

Obstruction duration ≤7 
days

Obstruction duration >7 
days

Total (N=1607)(group 1, n=913) (group 2, n=694)

Male gender, n (%) 538 (58.9) 435 (62.7) 973 (60.5)

Age (years) 52 (39–62) 56 (45–67) 54 (41–64)

Hypertension, n (%) 220 (24.1) 273 (39.3) 493 (30.7)

Diabetes mellitus, n (%) 114 (12.5) 156 (22.5) 270 (16.8)

Chronic kidney disease, n (%) 14 (1.5) 16 (2.3) 30 (1.9)

Obstruction release procedure, n (%)

 � Spontaneous release 71 (7.7) 17 (2.5) 88 (5.4)

 � Double-J stenting 269 (29.5) 236 (34.0) 505 (31.4)

 � Percutaneous nephrostomy 31 (3.4) 21 (3.0) 52 (3.2)

 � Operation (stone removal) 206 (22.6) 288 (41.5) 494 (30.7)

 � ESWL 336 (36.8) 132 (19.0) 468 (29.1)

Obstruction duration (days) 3.0 (3.0–5.0) 18.0 (11.0–31.3) 6.0 (2.0–15.0)

Baseline SCr (mg/dL) 0.80 (0.42–0.96) 0.80 (0.66–1.00) 0.80 (0.65–0.98)

Baseline eGFR (mL/min/1.73 m2)* 94.89 (78.66–113.66) 91.67 (74.68–112.77) 93.62 (77.00–113.43)

SCr on admission (mg/dL) 1.00 (0.80–1.25) 1.00 (0.80–1.20) 1.00 (0.80–1.21)

eGFR on admission (mL/min/1.73 m2)* 74.14 (58.15–91.37) 74.76 (57.19–90.92) 74.54 (57.81–91.25)

Performed imaging modality for diagnosis, n (%)

 � KUB 43 (4.7) 75 (10.8) 118 (7.3)

 � Kidney sonography 11 (1.2) 6 (0.9) 17 (1.1)

 � CT 696 (76.2) 493 (71.0) 1189 (74)

 � IVP 163 (17.9) 120 (17.3) 283 (17.6)

Hydronephrosis grade, n (%)

 � Grade 0 (no hydronephrosis) 179 (20.9) 141 (23.0) 320 (21.8)

 � Grade 1 202 (23.6) 115 (18.8) 317 (21.6)

 � Grade 2 365 (42.6) 172 (28.1) 537 (36.6)

 � Grade 3 94 (11.0) 117 (19.1) 211 (14.4)

 � Grade 4 17 (2.0) 67 (11.0) 94 (5.8)

Obstruction side, n (%)

 � Left 456 (50.2) 328 (47.7) 784 (49.1)

 � Right 393 (43.3) 300 (43.6) 693 (43.4)

 � Bilateral 35 (3.8) 26 (3.8) 61 (3.8)

 � Undefined 24 (2.6) 34 (4.9) 58 (3.7)

Stone size (mm) 5.6 (4.3–7.7) 7.7 (5.6–10.9) 6.5 (4.8–9.0)

Pain killer, n (%)

 � No use 169 (18.5) 159 (22.9) 328 (20.4)

 � NSAIDs (old)† 293 (32.1) 195 (28.1) 488 (30.4)

 � NSAIDs (new)‡ 389 (42.6) 303 (43.7) 692 (43.1)

 � Narcotic analgesics 62 (6.8) 37 (5.3) 99 (6.2)

*eGFR was calculated using the Isotope Dilution Mass Spectrometry (IDMS) traceable Modification of Diet in Renal Disease (MDRD) study 
equation (mL/min/1.73 m2).
†Old NSAIDs: naproxen, aceclofenac and ketorolac.
‡New NSAIDs: talniflumate.
eGFR, estimated glomerular filtration rate;ESWL, extracorporeal shock wave lithotripsy; IVP, intravenous pyelogram; KUB, kidney ureter 
bladder X-ray;NSAIDs, non-steroidal anti-inflammatory drugs; SCr, serum creatinine.
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Figure 1  Performed obstruction release procedures by APN, stone size and obstruction duration. (A) Percutaneous 
nephrostomy was performed more frequently in patients with APN compared with non-APN patients (10.2% vs 2.0%). (B) 
Stone size was significantly different according to the obstruction release method (p<0.001). Patients who had the obstruction 
released through percutaneous nephrostomy showed the longest obstruction duration. APN, acute pyelonephritis; ESWL, 
extracorporeal shock wave lithotripsy.

analyses) were performed by recursive partitioning using 
party package. Input variables were age, sex, APN, AKI 
stages and obstruction duration-based groups.

The Cox proportional hazard model was used to iden-
tify independent risk factors for renal outcome and to 
calculate the HR and 95% CI. Statistical significance was 
set at the level of p<0.05.

Patient and public involvement
Patients were not involved in the design of this analysis.

Results
Baseline data by obstruction duration
From January 2005 to December 2015, a total of 2314 
patients with urinary tract stone disease were identified, 
and a total of 1607 patients were confirmed suitable for 
analysis. The baseline characteristics of 1607 enrolled 
patients are described in table 1.

Obstruction duration was at least 0 days (obstruction 
release at the day of symptom onset), with the maximum 
being 1099 days; the median obstruction duration was 6 
days (IQR 2–15 days), and the mean obstruction duration 
was 16.6 days. APN due to obstruction was observed in 
14.6% of patients, and the mean CRP value of patients 
with APN was 54.8 mg/L. Patients with HT, DM and CKD 
had significantly higher rates of APN (19.3% in HT, 23% 
in DM and 43.3% in CKD), accompanied by obstructive 
uropathy. AKI was observed in 629 patients (39.1%): 467 
(74.2%) were stage I, 101 (16.1%) were stage II and 61 
(9.7%) were stage III. Non-steroidal anti-inflammatory 
drugs (NSAIDs) were prescribed for pain control in 73.5% 

of patients. The mean follow-up duration of patients was 
18.4 months.

When comparing obstruction release time within 7 
days (group 1) and obstruction release time over 7 days 
(group 2), patients in group 2 were older and the prev-
alence of HT and type 2 DM was significantly higher. No 
significant differences were found in serum Cr and eGFR 
values between the two groups at the time of admission 
for obstructive uropathy due to urolithiasis.

In group 1, 7.4% of patients were spontaneously 
released, whereas in group 2 only 1.9% were spon-
taneously released. Percutaneous nephrostomy was 
performed more frequently in patients with APN than in 
non-APN patients (10.2% vs 2.0%; figure 1).

Stone size was significantly different according to the 
obstruction release method, as it was 4.7±2.8 mm in the 
spontaneous release group and 11.6±7.9 mm in the percu-
taneous nephrostomy group (figure 1B). Group 1 patients 
were more likely to take CT as diagnostic modality and to 
have hydronephrosis less than grade II.

Baseline data of subcategorisation by APN and/or AKI
The baseline characteristics of 1607 patients subcatego-
rised by APN and/or AKI are described in table 2. In group 
1, obstruction duration tended to be longer in patients 
with complications. However, in group 2, obstruction 
duration was longer in patients without complications. 
In both groups 1 and 2, the prevalence of underlying 
diseases such as HT, DM and baseline CKD was higher in 
patients with AKI. NSAID was the most commonly used 
analgesic in these patients. However, only those with both 
APN and AKI had more narcotic analgesics prescriptions. 
Patients with AKI showed a lower initial eGFR compared 
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Table 3  Outcome variables by obstruction duration

Obstruction duration ≤7 
days

Obstruction duration >7 
days

Total (N=1607) P value(group 1, n=913) (group 2, n=694)

Acute pyelonephritis, n (%) 24 (10.2) 46 (29.3) 235 (14.6) <0.001

Peak CRP (mg/L) 3.3 (0.8–42.3) 31.3 (1.7–145.0) 5.9 (1.0–73.3) <0.001

Peak SCr during admission 
(mg/dL)

1.0 (0.8–1.3) 1.0 (0.8–1.3) 1.0 (0.8–1.3) 0.454

Lowest eGFR during admission
(mL/min/1.73 m2)*

72.4 (56.1–89.6) 71.9 (53.4–88.6) 72.0 (55.1–89.0) 0.307

AKI, n (%)

 � No AKI 542 (59.4) 436 (62.8) 978 (60.9) 0.491

 � KDIGO stage I 274 (30.0) 192 (27.7) 466 (29.0)

 � KDIGO stage II 62 (6.8) 39 (5.6) 101 (6.3)

 � KDIGO stage III 34 (3.7) 27 (3.9) 61 (3.8)

GFR 30% reduction, n (%) 100 (11.0) 105 (15.1) 205 (12.8) 0.016

GFR 50% reduction, n (%) 24 (2.6) 39 (5.6) 63 (3.9) 0.003

Final SCr (mg/dL) 0.9 (0.7–1.1) 0.9 (0.7–1.1) 0.9 (0.7–1.1) 0.004

Final eGFR (mL/min/1.73 m2)* 87.0 (71.1–102.4) 81.0 (64.0–100.5) 84.4 (68.3–101.1) 0.001

ΔGFR/year 2.5 (0.0–35.8) 5.7 (0.0–162.8) 4.0 (0.0–78.5) 0.004

*eGFR was calculated using the Isotope Dilution Mass Spectrometry (IDMS) traceable Modification of Diet in Renal Disease (MDRD) study 
equation (mL/min/1.73 m2).
AKI, acute kidney injury;CRP, C reactive protein; eGFR, estimated glomerular filtration rate;GFR, glomerular filtration rate; KDIGO, Kidney 
Disease: Improving Global Outcomes; SCr, serum creatinine.

with patients without AKI at the time of admission. People 
who had the obstruction released within 7 days and 
people with complications (APN or AKI) tended to have 
a larger stone size, but those with the obstruction released 
after more than 7 days did not show any correlation.

Outcome by obstruction duration
In this study, APN occurred more frequently in group 2 
patients compared with group 1 patients (29.3% vs 10.2%, 
p<0.001). The last SCr (0.86 vs 0.90 mg/dL, p=0.004) and 
eGFR (87 vs 81 mL/min/1.73 m2, p=0.001) also showed 
worse renal function in group 2 patients (table 3).

When the prognosis was evaluated by quartile of obstruc-
tion duration of all patients, the longer the obstruction 
duration the greater the likelihood of a decrease in 
glomerular filtration rate (GFR) more than 30% (log-rank 
p for pooled analysis=0.052, pairwise analysis; p=0.009 for 
first quartile vs third quartile, p=0.037 for second quar-
tile vs third quartile; figure 2A) and a decrease in GFR 
of more than 50% (log-rank p for pooled analysis=0.016, 
pairwise analysis; p=0.002 for second quartile vs third 
quartile, p=0.022 for second quartile vs fourth quartile; 
figure  2B), respectively. When we compared the results 
of the two groups, there was a significant increase in the 
possibility of GFR reduction >30% (log-rank p=0.022, 
HR 1.38, 95% CI 1.05 to 1.81; figure 2C) and >50% (log-
rank p=0.003, HR 2.12, 95% CI 1.27 to 3.53; figure 2D) in 
group 2 (figure 2).

Outcome by APN and/or AKI
Patients who did not have APN or AKI in group 1 had no 
events, with a GFR reduction of more than 50% (table 4).

When examining the effect of APN during hospitalisa-
tion with obstructive uropathy on renal outcome, patients 
with APN were significantly more likely to have a GFR 
reduction >30% (log-rank p<0.001, HR 2.61, 95% CI 1.91 
to 3.56; figure 3A) and a GFR reduction >50% (log-rank 
p<0.001, HR 5.81, 95% CI 3.50 to 9.63; figure 3B).

When we examined the renal outcome according to the 
extent of AKI during hospitalisation, AKI stage I showed a 
favourable outcome. However, in patients with severe AKI 
of grade II or III, the probability of GFR reduction >30% 
(log-rank p for pooled analysis <0.001, HR 1.58, 95% CI 
1.37 to 1.82, pairwise analysis; p<0.001 for no AKI vs AKI 
stage II or III, and AKI stage I vs stage II or III; figure 3C) 
and >50% (log-rank p for pooled analysis <0.001, HR 
2.62, 95% CI 2.05 to 3.34, pairwise analysis; p<0.001 for 
no AKI vs AKI stage II or III, p=0.035 for AKI stage I vs II, 
p<0.001 for AKI stage I vs III, p=0.001 for AKI stage II vs 
III; figure 3D) was significantly higher than the others.

The prognosis was best when neither AKI nor APN was 
present, and the prognosis was progressively worse with 
AKI alone, APN alone and both AKI and APN, consec-
utively (log-rank p for pooled analysis <0.001, HR 1.50, 
95% CI 1.33 to 1.71, pairwise analysis: p=0.029 for AKI(−)
APN(−) vs AKI(+), p=0.027 for AKI(−)APN(−) vs APN(+), 
p<0.001 for AKI(−)APN(−) vs AKI(+)APN(+), and p<0.001 
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Figure 2  Kaplan-Meier curves for renal outcomes. (A, B) When the prognosis was evaluated by quartile of obstruction duration 
of all patients, the longer the obstruction duration the greater the likelihood of a decrease in GFR of more than 30% (log-rank p 
for pooled analysis=0.052, pairwise analysis; p=0.009 for 1Q vs 3Q, p=0.037 for 2Q vs 3Q) (A) and a decrease in GFR of more 
than 50% (p for pooled analysis=0.016, pairwise analysis; p=0.002 for 2Q vs 3Q, p=0.022 for 2Q vs 4Q) (B). (C, D) When we 
compared the results of the two groups, there was a significant increase in the possibility of GFR reduction >30% (p=0.022) 
(C) and >50% (p=0.003) (D) in group 2. 1Q, first quartile; 2Q, second quartile; 3Q, third quartile; 4Q, fourth quartile; eGFR, 
estimated glomerular filtration rate; GFR, glomerular filtration rate; Obst, obstruction.

Table 4  Outcomes according to the obstruction duration and AKI/APN
Obstruction duration ≤7 days (group 1) Obstruction duration >7 days (group 2)

APN−AKI−
(n=504)

APN−AKI+
(n=267)

APN+AKI−
(n=38)

APN+AKI+
(n=103) P value

APN−AKI−
(n=413)

APN−AKI+
(n=188)

APN+AKI−
(n=24)

APN+AKI+
(n=69) P value

Peak CRP (mg/L) 1.0 (0.4–2.5) 1.4 (0.7–3.3) 69.2 (29.0–
122.6)

78.4 (33.5–
171.2)

<0.001 1.1 (0.4–2.1) 1.6 (0.9–3.7) 55.1 (28.6–95.6) 141.3 (61.0–
224.3)

<0.001

Peak SCr (mg/dL) 0.9 (0.7–1.0) 1.3 (1.1–1.6) 0.9 (0.7–1.0) 1.5 (1.1–1.9) <0.001 0.9 (0.8–1.1) 1.3 (1.1–1.7) 0.9 (0.8–1.1) 1.8 (1.3–2.6) <0.001

Lowest eGFR (mL/
min/1.73 m2)*

84.4 (72.9–97.9) 55.1 (44.6–66.4) 79.1 (68.6–98.4) 46.2 (32.1–59.7) <0.001 81.1 (69.2–97.0) 54.9 (41.0–69.1) 74.2 (58.0–82.7) 36.9 (25.0–
50.7)

<0.001

GFR 30% reduction, 
n (%)

21 (4.17) 48 (18.0) 6 (15.8) 25 (24.3) <0.001 32 (7.8) 50 (26.6) 0 (0.0) 23 (33.3) <0.001

GFR 50% reduction, 
n (%)

0 (0.0) 10 (3.8) 1 (2.6) 13 (12.6) <0.001 8 (1.9) 18 (9.6) 0 (0.0) 13 (18.8) <0.001

Final SCr (mg/dL) 0.8 (0.7–1.0) 0.9 (0.8–1.2) 0.7 (0.6–0.9) 0.9 (0.7–1.1) <0.001 0.8 (0.7–1.0) 1.0 (0.8–1.3) 0.8 (0.7–1.1) 1.1 (0.8–1.7) <0.001

Final eGFR (mL/
min/1.73 m2)*

90.5 (75.5–
105.8)

80.3 (63.4–97.6) 92.0 (81.5–
109.4)

76.7 (60.1–95.8) <0.001 86.0 (73.0–
103.2)

75.8 (53.7–97.8) 78.0 (64.2–
100.2)

61.1 (38.4–
85.4)

<0.001

*eGFR was calculated using the Isotope Dilution Mass Spectrometry (IDMS) traceable Modification of Diet in Renal Disease (MDRD) study equation (mL/min/1.73 m2).
AKI, acute kidney injury; APN, acute pyelonephritis; CRP, C reactive protein; eGFR, estimated glomerular filtration rate;GFR, glomerular filtration rate; SCr, serum creatinine.

for AKI(+) vs AKI(+)APN(+), figure 3E; log-rank p<0.001 
for pooled analysis, HR 2.18, 95% CI 1.75 to 2.71, pairwise 
analysis: p=0.024 for AKI(−)APN(−) vs AKI(+), p<0.001 
for AKI(−)APN(−) vs AKI(+)APN(+), and p<0.001 AKI(+) 
vs AKI(+)APN(+), figure 3F).

Factors affecting renal outcomes
We conducted multivariate analysis for the occurrence 
of a decrease in eGFR >50%. When we adjusted for age, 
sex, HT, DM, APN, AKI and obstruction duration group 
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Figure 3  Kaplan-Meier curves for renal outcomes by occurrence of APN and/or AKI. (A, B) Patients with APN were significantly 
more likely to have a GFR reduction >30% (p<0.001) (A) and a GFR reduction >50% (p<0.001) (B). (C, D) In patients with 
severe AKI of grade II or III, the probability of GFR reduction >30% (p for pooled analysis <0.001, HR 1.58, 95% CI 1.37 to 1.82, 
pairwise analysis; p<0.001 for no AKI vs AKI stage II or III, and AKI stage I vs stage II or III) (C) and >50% (p for pooled analysis 
<0.001, HR 2.62, 95% CI 2.05 to 3.34, pairwise analysis; p<0.001 for no AKI vs AKI stage II or III, p=0.035 for AKI stage I vs II, 
p<0.001 for AKI stage I vs III, and p=0.001 for AKI stage II vs III) (D) was significantly higher than the others. (E, F) The prognosis 
was best when neither AKI nor APN was present, and the prognosis was progressively worse with AKI alone, APN alone, and 
both AKI and APN, consecutively (p for pooled analysis <0.001, HR 1.50, 95% CI 1.33 to 1.71, pairwise analysis: p=0.029 for 
AKI(−)APN(−) vs AKI(+), p=0.027 for AKI(−)APN(−) vs APN(+), p<0.001 for AKI(−)APN(−) vs AKI(+)APN(+), and p<0.001 for AKI(+) 
vs AKI(+)APN(+) (E); p<0.001 for pooled analysis, HR 2.18, 95% CI 1.75 to 2.71, pairwise analysis: p=0.024 for AKI(−)APN(−) vs 
AKI(+), p<0.001 for AKI(−)APN(−) vs AKI(+)APN(+), and p<0.001 AKI(+) vs AKI(+)APN(+) (F)). APN, acute pyelonephritis; eGFR, 
estimated glomerular filtration rate; GFR, glomerular filtration rate.
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Table 5  Multivariate analysis for the occurrence of eGFR 
decrease of >50%

HR 95% CI P value

Female 1.177 0.691 to 2.006 0.548

Age 1.017 0.997 to 1.037 0.103

Hypertension 1.743 0.994 to 3.057 0.053

Diabetes mellitus 0.939 0.533 to 1.656 0.829

Acute pyelonephritis 3.495 1.942 to 6.289 <0.001

Acute kidney injury

 � Stage I 1.580 0.706 to 3.536 0.265

 � Stage II 3.284 1.354 to 7.965 0.009

 � Stage III 6.425 2.599 to 15.881 <0.001

Group 2 (obstruction 
duration >7 days)

1.854 1.095 to 3.140 0.022

eGFR, estimated glomerular filtration rate.

(defined by before and after 7 days), we found that 
concomitant APN (HR 3.495, 95% CI 1.942 to 6.289, 
p<0.001), concomitant AKI (HR 3.284, 95% CI 1.354 to 
7.965, p=0.009 for AKI stage II; HR 6.425, 95% CI 2.599 to 
15.881, p<0.001 for AKI stage III) and obstruction dura-
tion >7 days (HR 1.854, 95% CI 1.095 to 3.140, p=0.001) 
were independently associated with an eGFR decrease of 
>50% (table 5).

Tree analysis
Using a decision tree model, AKI stage III was identified 
at the first decision node as being the most important 
risk factor. It predicted a rate of GFR decrease >50% of 
31.7% (p<0.001; figure 4A). The second most important 
risk factor was AKI stage II (p=0.03). An age >49 years at 
the time of obstructive uropathy was selected at the next 
node in the group of patients with AKI stage I (p=0.019). 
Concomitant APN during the obstruction episode was 
presented for the next node in the group of patients 
without AKI, and the obstruction duration is <7 days 
(p=0.002). An obstruction duration >7 days was selected 
at the next node in the group of patients without AKI 
(p=0.035). Input variables were sex, age, APN, AKI stage 
and obstruction duration group; the accuracy of this tree 
analysis was 96.1%.

When we performed a survival tree analysis with the 
variables sex, age, APN, AKI stage and obstruction dura-
tion groups, AKI stage III (p<0.001) was the most potent 
factor for the development of a GFR decrease >50% and 
APN (p<0.001) was the second. An obstruction duration 
of more than 7 days (p=0.007) was also an independent 
risk factor for major renal outcome in the survival tree 
analysis (figure 4B).

Discussion
In this study, we discovered that obstructive uropathy 
caused by urolithiasis had the worst effect on renal 

outcome in patients with stage II or higher AKI at the 
time of obstruction. We also found that patients with APN 
and obstruction release after 7 days or more were associ-
ated with poor prognosis.

In general, renal failure due to unilateral renal stones is 
known to be rare.20 In some previous studies, the incidence 
of acute renal injury due to renal stones was reported 
to be in the range of 0.72%–9.7%, and AKI affects the 
development or progression of CKD.21 22 However, in this 
study, AKI occurred in 39.1% of patients with unilateral 
obstructive uropathy, and even if only patients with AKI 
stage II or III, excluding AKI stage I, were included AKI 
was associated in 10.1%. Unilateral ureteral obstruction 
is known to result in GFR reduction due to renal vaso-
constriction related to tubuloglomerular feedback, as the 
intratubular pressure is increased.23 Furthermore, recur-
rent episodes of obstructive uropathy by urolithiasis and 
obstructive uropathy in single kidneys have a high risk of 
deteriorating renal function. In the presence of under-
lying latent CKD, even unilateral obstructive uropathy 
may cause acute renal function decline due to insufficient 
compensation in the opposite kidney.20 Nephrolithiasis 
itself is known to cause interstitial fibrosis and glomerulo-
sclerosis due to inflammatory cascade stimulation, as well 
as the recurrence of episodes and infection of the occlu-
sion, ultimately increasing the risk of CKD and ESRD.24 25

In group 2 patients with obstruction release after 7 days, 
the obstruction duration was longer when there were no 
complications. Considering the features and limitations 
of this retrospective study, complications such as AKI or 
APN urgently needed obstacle release. This is probably 
because obstruction release was performed more quickly 
than those without AKI or APN. Conversely, in the case 
of asymptomatic urolithiasis, which did not cause any 
particular complications, selection bias could be possible 
since treatment was not performed in an urgent manner. 
Nevertheless, when AKI and APN were both adjusted, 
various statistical analyses confirmed the association of 
poor renal outcome with those who had an obstruction 
duration of more than 7 days. It seemed to be important 
to release the obstruction as soon as possible.

In the present study, NSAIDs were the most commonly 
considered analgesics, as recommended by the guide-
line.26 Only those with both APN and AKI tended to use 
narcotic analgesics instead of NSAIDs. This is probably 
because people with both APN and AKI had the worst 
renal function. People with AKI alone were either not 
aware of AKI as it was very mild or did not consider it 
significant enough to have any effect on NSAID usage.

When accompanied with sepsis, decompression therapy 
by percutaneous nephrostomy was performed frequently 
in patients with APN, which was consistent with the 
guideline recommending urgent decompression, such as 
percutaneous drainage.27 28

In this study, the most important prognostic factors of 
renal outcome were AKI stage II or III, APN and obstruc-
tion duration, from both multivariate analyses and the 
decision tree analysis. Although renal insult due to the 
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Figure 4  Tree analyses. (A) In a decision tree model, AKI was the most important risk factor for the GFR decrease >50% 
(p<0.001). The second most important risk factor was AKI stage II (p=0.03). An age >49 years at the time of obstructive 
uropathy was selected at the next node in the group of patients with AKI stage I (p=0.019). Concomitant APN during the 
obstruction episode was presented for the next node in the group of patients without AKI and the obstruction duration is 
<7 days (p=0.002). An obstruction duration >7 days was selected at the next node, in the group of patients without AKI 
(p=0.035). (B) In a survival tree analysis with the variables sex, age, APN, AKI stage and obstruction duration groups, AKI stage 
III (p<0.001) was the most potent factor for the development of a GFR decrease >50%; APN was the second highest factor 
(p<0.001). An obstruction duration of more than 7 days (p=0.007) was also an independent risk factor for major renal outcomes 
in the survival tree analysis. AKI, acute kidney injury; APN, acute pyelonephritis; GFR, glomerular filtration rate.

occurrence of obstructive uropathy should have been 
apparent, decision tree analysis showed a good prognosis 
for renal function if both AKI and APN are absent and the 
obstruction was released within 7 days. The result showed 
that performing obstruction release as soon as possible, 
even for those without complications, is important for 
improved renal outcome.

Limitations of this study include its retrospective 
design, and the results cannot prove a causal relation-
ship. However, considering the difficulties in performing 
a randomised controlled trial, it is possible to consider 
that lowering the incidence of AKI or APN through early 
obstruction release may have an additional benefit in 

improving prognosis. Especially in patients with recur-
rent urolithiasis, it would be better to minimise the insult 
to the patient’s kidney per episode. In addition, the retro-
spective aspect of this study may introduce selection bias 
and misclassification.

In addition, although the date of symptom occurrence 
and the date of obstruction release were collected from 
electronic medical records, there is a possibility that 
the symptom date was inaccurate and that it was not an 
obstruction-specific date. As evidence was required for 
the spontaneous resolution of obstruction release dates, 
the actual date may be later than the date on which the 
symptoms were relieved.
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Obstruction duration is an independent risk factor for 
poor renal outcome with concomitant APN and AKI in 
urolithiasis-related obstructive uropathy. Early obstruc-
tion release may contribute to the improvement of prog-
nosis by reducing the incidence of infection or acute 
renal failure.
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