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OBJECTIVE To study patients who presented to the Emergency Department with acute renal colic to
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determine if resolution of hydronephrosis and pain accurately predicts stone passage on fol-
low-up CT.
MATERIALS AND
METHODS
This is a secondary analysis of a multicenter prospective randomized clinical trial of patients diag-
nosed by computed tomography (CT) scan with a symptomatic ureteral stone < 9 mm in diameter.
Participants were followed after randomization to evaluate for analgesic use and to assess stone pas-
sage and hydronephrosis on a repeat CT scan obtained at 29-36 days.
RESULTS
 Four-hundred-three patients were randomized in the original study and patients were included in
this analysis if they did not have surgery for stone removal and had a CT scan and information on
pain medication at follow-up (N = 220). Hydronephrosis was detected in 181 (82%) on initial
CT. At follow-up CT, 43 (20%) participants had a persistent ureteral stone. Of these patients, 36
(84%) had no pain, 26 (60%) did not have hydronephrosis, and 23 (53%) had neither pain nor
hydronephrosis. Resolution of hydronephrosis was associated with stone passage (RR 4.6, 95% CI
1.9, 11.0), while resolution of pain was not (RR 1.1, 95% CI 0.9, 1.4).
CONCLUSION
 In patients with urinary stone disease, stone passage is associated with resolution of hydroneph-
rosis but not resolution of pain. In patients with persistent ureteral stones, neither pain nor
hydronephrosis are consistently present. These findings have important implications on follow-
up imaging of patients with urinary stone disease. UROLOGY 159: 48−52, 2022. © 2021
Elsevier Inc.
More than one million visits annually to Uni-
tedStates Emergency Departments (EDs) are
attributed to a stone of the kidney or ureter.1

While initial treatment of renal colic usually occurs in
the ED, follow-up is important to confirm passage of the
stone and to assess the need for surgical stone removal.2

Approximately 10% of patients seen in the ED for stone
disease return to the hospital within 30 days of initial
visit.3 Prolonged retention of a ureteral stone may lead
to permanent renal or ureteral damage which may
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require surgical intervention.4 Currently, there are no
definitive guidelines regarding how patients discharged
from the ED should be followed or evaluated for stone
passage.5 Patient-reported stone passage and resolution
of symptoms have been shown to be inexact measures of
retained ureteral stones.6-8 More commonly, patient
symptoms are combined with some form of imaging to
determine stone passage, although the optimal type of
imaging remains controversial. Follow-up can include a
urinalysis and a variety of imaging modalities such as
plain X-ray, CT scan or ultrasound (US), or combina-
tions thereof. Physicians balance the risk of missing a
persistent stone, with its associated added cost and mor-
bidity, against the time, cost, and potential radiation
exposure of further diagnostic modalities, such as CT
scan. Hydronephrosis is a secondary finding in stone
obstruction that can be detected by US or CT scan. It is
unknown whether the resolution of hydronephrosis,
either with or without the resolution of pain, is sufficient
to predict stone passage. The objective of this study is to
determine if stone passage could be predicted by resolu-
tion of hydronephrosis or resolution of pain in a multi-
center trial on urinary stone disease.
© 2021 Published by Elsevier Inc.
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Table 1. Baseline characteristics of study participants
(N = 220)

Passage
(N = 177)

No Passage
(N = 43) P-value

Average age 39.4 § 13.2 41.3 § 14.4 .435
Female gender 44 (24.9) 10 (23.3) .827
Non-white race 46/165 (27.9) 9/39 (23.1) .543
Hispanic 12 (6.8) 5 (11.6) .337
Past History of
urinary stone
disease

46 (26.0) 12 (27.9) .798

Presence of
flank pain

147 (83.1) 33 (76.7) .336

Symptomatic
stone in
upper ureter

47 (26.6) 27 (62.8) <.001

Median
diameter

<.001

1-2 mm 38 (21.5) 2 (4.7)
3-4 mm 103 (58.2) 16 (37.2)
5-6mm 31 (17.5) 22 (51.2)
7-8mm 5 (2.8) 3 (7.0)

Hydronephrosis145 (81.9)36 (83.7).782
Data presented as N (%) or mean § standard deviation.
MATERIALS AND METHOD
The Study of Tamsulosin for Urolithiasis in the Emergency
Department (STONE) was conducted from 2013 to 2016 across
six ED recruiting sites.9 Institutional Review Board (IRB)
approval was obtained from each participating recruitment site
prior to study initiation. Eligibility criteria have been previously
published in detail.10 Briefly, adults at least 18 years of age were
eligible if they presented to the ED with a symptomatic stone
determined by CT scan to be less than 9 mm in diameter and
located in the ureter. Hydronephrosis was determined by the
attending radiologist’s review of the CT scan at each of the par-
ticipating institutions. Study participants were contacted by tele-
phone at regular intervals to assess for stone expulsion and the
need for analgesic medication. Participants were also asked to
undergo an additional follow-up CT scan at 29-36 days after ran-
domization to determine whether stone passage had occurred and
to assess for hydronephrosis. Follow-up CT scans were evaluated
by attending radiologists at participating institutions per standard
protocol. These physicians were unaware of the participant’s
symptoms and patient-reported stone status, but may have had
access to the initial CT scan. In cases where passage was uncer-
tain, the CT scan results were subject to a central review. Resolu-
tion of pain was defined as a patient report of no utilization of
analgesic medication on direct telephone inquiry. The analgesia
status at the Day 29 contact or the day closest to the follow-up
CT scan was used as a surrogate for pain status at follow-up.

Analysis
Participants who were lost to follow-up or in whom surgery was
performed were excluded from this analysis. To assess for poten-
tial bias, baseline characteristics were compared between the par-
ticipants who did and did not undergo a follow-up CT scan as
part of prior analysis.11 Among participants who underwent a
follow-up CT scan, those who passed a stone were compared to
those who did not pass a stone for baseline characteristics,
including the presence of hydronephrosis and flank pain. Cate-
gorical variables were compared using the chi-square test, and
continuous variables using the Wilcoxon test. Finally, a sub-
group analysis was performed based on a stone size cut-off of
4mm and 5mm (the size below which most stones are known to
pass spontaneously) to determine if the size of stone influenced
Figure 1. Flow
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the predictive value of pain and hydronephrosis. For all out-
comes, a nominal p value of less than 0.05 was considered to
indicate statistical significance, without adjustment for multiple
comparisons. SAS version 9.4 (SAS Institute Inc, Cary, NC)
was used in the data analysis.
RESULTS
Of the 403 participants in the trial, 220 did not have surgery for
stone removal, obtained a follow-up CT scan 29-36 days after
initial presentation, and had information on pain medication
collected (Figure 1). Stone passage was confirmed in the major-
ity of participants (177/220, 80%). Participants who did not pass
stone were more likely to have a larger median stone size and a
more proximal stone on initial CT scan (Table 1). There was no
diagram.
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Table 2. Hydronephrosis and pain status at follow-up

All
N = 220

Passed Stone
N = 177

Persistent Stone
N = 43

No hydronephrosis or pain 179 156 (88%) 23 (53%)
No hydronephrosis, but pain 20 17 (10%) 3 (7%)
No pain, but hydronephrosis 15 2 (1%) 13 (30%)
Both hydronephrosis and pain 6 2 (1%) 4 (9%)

Table 2a. Hydronephrosis and pain status at follow-up (stone < 4mm)

All
N = 96

Passed Stone
N = 88

Persistent Stone
N = 8

No hydronephrosis or pain 83 77 (88%) 6 (75%)
No hydronephrosis, but pain 8 8 (9%) 0
No pain, but hydronephrosis 3 2 (2%) 1 (13%)
Both hydronephrosis and pain 2 1 (1%) 1 (13%)

Table 2c. Hydronephrosis and pain status at follow-up (stone < 5mm)

All
N = 159

Passed Stone
N = 141

Persistent Stone
N = 18

No hydronephrosis or pain 134 124 (88%) 10 (56%)
No hydronephrosis, but pain 15 13 (9%) 2 (11%)
No pain, but hydronephrosis 6 2 (1%) 4 (22%)
Both hydronephrosis and pain 4 2 (1%) 2 (11%)

Table 2b. Hydronephrosis and pain status at follow-up (stone ≥ 4mm)

All
N = 124

Passed Stone
N = 89

Persistent Stone
N = 35

No hydronephrosis or pain 96 79 (89%) 17 (49%)
No hydronephrosis, but pain 12 9 (10%) 3 (9%)
No pain, but hydronephrosis 12 0 12 (34%)
Both hydronephrosis and pain 4 1 (1%) 3 (9%)

Table 2d. Hydronephrosis and pain status at follow-up (stone ≥ 5mm)

All
N = 61

Passed Stone
N = 36

Persistent Stone
N = 25

No hydronephrosis or pain 45 32 (89%) 13 (52%)
No hydronephrosis, but pain 5 4 (11%) 1 (4%)
No pain, but hydronephrosis 9 0 9 (36%)
Both hydronephrosis and pain 2 0 2 (8%)
difference in the rate of hydronephrosis on initial CT scan
between those who passed a stone (145/177, 82%) and those
who did not (36/43, 84%). Likewise, there was no difference in
the presence of flank pain at baseline for participants who passed
(147/177, 83%) versus those who did not pass a stone (33/43,
77%). At the baseline CT scan, 82% (181/220) of participants
had hydronephrosis, compared to only 7% (15/220) on the fol-
low-up scan. For participants who passed their stone, the rate of
hydronephrosis at follow-up was very low (2/177, 1%) compared
to subjects with a retained stone (13/43, 30%) (Table 2). Rates
of hydronephrosis were reported by stone size to try to identify
more accurate cut-offs (Table 2a-2d). Two participants with a
persistent stone had no hydronephrosis at baseline but developed
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hydronephrosis at follow-up. The absence of hydronephrosis on
the follow-up CT was significantly associated with stone passage
(RR 4.6, 95% CI 1.9, 11.0, P <0.01), with a sensitivity of 98%
and a specificity of 40% (Table 3). Regarding pain, more partici-
pants reported flank pain at baseline (180/220, 82%) than at fol-
low-up (20/220, 9%). At follow-up, pain was reported at the
same rate whether patients had passed their stone (17/177, 10%)
or had a retained stone (3/43, 7%). Finally, persistent stones
were still evident when hydronephrosis had resolved even when
stratified by stone size (Tables 2a, 2b, 2c, 2d). In patients with
resolution of hydronephrosis, 93% of patients with stone size less
than 5mm passed their stone versus only 71% of those with stone
size 5 mm or greater.
UROLOGY 159, 2022
ry of Health and Social Security de ClinicalKey.es por Elsevier en enero 19, 
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Table 3. Accuracy of no hydronephrosis or no pain for pre-
dicting passed stone at 29-36-day follow-up CT scan 3a)
No hydronephrosis 3b) No pain 3c) No hydronephrosis and
no pain

Sensitivity 173/177 (98%)
Specificity 17/43 (40%)
Likelihood ratio + 1.6
Relative Risk & 95% CI 4.6 (1.9, 11.0)
Sensitivity 158/177 (89%)
Specificity 7/43 (16%)
Likelihood ratio + 1.1
Relative Risk & 95% CI 1.1 (0.9, 1.4)
Sensitivity 156/177 (88%)
Specificity 20/43 (47%)
Likelihood ratio + 1.7
Relative Risk & 95% CI 1.7 (1.3, 2.3)
COMMENT
Persistent stones are important to diagnose because they
may lead to silent obstruction and permanent renal dam-
age. In this secondary analysis of a multicenter study of
ED patients with symptomatic ureteral stones, stone pas-
sage was associated with the resolution of hydronephrosis
but not the resolution of pain. For patients with retained
stones, resolution of pain and resolution of hydronephrosis
may still occur. Based on this study, if clinicians relied on
the resolution of pain only, 84% of patients with persis-
tent stones would be missed. If clinicians relied on the
presence of hydronephrosis only to detect persistent
stones, 60% of patients with persistent stones would be
missed. If clinicians relied on either pain or hydronephro-
sis, 53% of persistent stones would be missed. While per-
sistent stones can be missed in the absence of pain or
hydronephrosis, pain and hydronephrosis retain predictive
utility. Among all patients with hydronephrosis, 81% had
a persistent stone. Among all patients without hydroneph-
rosis, 13% had a persistent stone.
While CT scan was used in this study for initial and fol-

low-up evaluation, the results of this study directly relate
to the use of US as an imaging choice for follow-up. US is
a commonly used imaging modality due to low cost and
lack of radiation exposure.12,13 US is sensitive in detecting
significant hydronephrosis and less sensitive at detecting
the stone itself.14 Since this study calls into question the
accuracy of hydronephrosis on follow-up for detecting per-
sistent stones, it also questions the utility of US as a fol-
low-up modality. Other modalities such as ultra-low-dose
CT may be better for confirming stone passage.15

Multiple studies have shown that pain cessation is not
accurate in predicting stone passage. One study showed
that cessation of pain for greater than 3 days would still
miss 26% of patients with persistent stone.4 In addition,
patient-reported stone passage has limitations in predict-
ing actual passage.7

Our study has several strengths. First, patients were
recruited from multiple EDs where all participants first
presented with symptomatic ureterolithiasis. Second, the
UROLOGY 159, 2022
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diverse sample population and the lack of limitation on
stone location make our findings more generalizable.
Third, there was a high-rate of patient response, with 97%
of patients contacted to assess for analgesic use. Finally, all
participants had both an initial CT scan and a follow-up
CT scan that was interpreted for the presence of hydro-
nephrosis. The follow-up CT is more accurate than the
imaging used in prior studies, in which either US, plain
X-Ray, or both were used to confirm stone passage.16

Our findings must also be considered in the context of
several limitations. First, the reported use of analgesia was
employed as a surrogate for having pain. Second, addi-
tional data that may be available to clinicians, such as his-
tory, physical exam, and urinalysis, was not included in
this analysis. Third, the radiologist who interpreted the
second CT scan was not blinded to the results of the first
CT scan. Fourth, we did not incorporate microscopic
hematuria and do not know whether this additional infor-
mation would change prediction of stone passage. Finally,
since CT scan was required prior to randomization and
only those patients who underwent follow-up CT scan-
ning were included in this analysis, there may have been a
selection bias for patients in whom ordering physicians
were less concerned about radiation exposure.
CONCLUSION
In summary, patients who do not report stone passage after
being discharged from the ED may still have a retained
ureteral stone despite lack of pain and lack of hydroneph-
rosis. This implies that if a patient is evaluated using renal
ultrasound to confirm passage, the clinician may miss per-
sistent ureteral stones. Based on our findings, a certain per-
centage of stones will be missed if another marker besides
CT is used to assess passage. Therefore, urologists and pri-
mary providers need to have a relatively high index of sus-
picion for retained stones and carefully follow the patient
with additional diagnostic studies as appropriate.
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