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Purpose: This Guideline covers the surgical treatment of patients with kidney 
and/or ureteral stones and is intended for clinicians evaluating and managing 
patients with these diseases. The summary presented herein represents Part III 
of the 3-part series dedicated to Surgical Management of Kidney and Ureteral 
Stones and Future Directions.

Materials and Methods: This systematic review was conducted in 2 planned stages, 
including a search for systematic reviews followed by a search for primary literature. 
OVID was used to systematically search MEDLINE and EMBASE databases for 
articles evaluating surgical management of kidney and ureteral stones. The Panel 
selected control articles that were deemed relevant and the articles were compared 
with the literature search strategy output. The methodologist then updated the 
strategy as necessary to capture all control articles. Databases were searched for 
studies published from January 2000 through May 2025 (week 20). In addition to 
the MEDLINE and EMBASE databases searches, reference lists of included sys-
tematic reviews and primary literature were scanned for potentially useful studies. 

Results: The Panel addressed adult and pediatric patients with kidney and/or 
ureteral stones for whom surgical intervention may be indicated. Each state-
ment herein addressed a particular patient scenario for which the choice of sur-
gical intervention was reviewed and justified. In addition, the Panel reviewed and 
analyzed the utility of specific surgical techniques, technologies, or medications 
aimed at improving patient outcomes.

Abbreviations 
and Acronyms
AC [ anticoagulant

ACOG [ American College of Obstetrics and Gynecology

ALARA [ As Low As Reasonably Achievable

AP [ antiplatelet

AUA [ American Urological Association

CT [ computed tomography

ED [ emergency department

FANS-UAS [ flexible and navigable suction ureteral access sheath

KUB [ kidney, ureter, bladder radiography

Mini-PCNL [ mini-percutaneous nephrolithotomy

MRI [ magnetic resonance imaging

MUSIC [ The Michigan Urological Surgery Improvement Collaborative

NSAID [ nonsteroidal anti-inflammatory drug

PCNL [ percutaneous nephrolithotomy

PPV [ positive predictive value

RCS [ retrospective cohort study

RCT [ randomized controlled trial

RI [ resistive index

SWL [ shockwave lithotripsy

TFL [ thulium fiber laser

UAS [ ureteral access sheath

US [ ultrasound

URS [ ureteroscopy

UTI [ urinary tract infection
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Conclusions: Selection of optimal treatment modalities for patients with kidney 
and/or ureteral stones is determined by patient factors, urinary tract anatomy, and 
stone characteristics and are guided by shared decision-making that additionally 
takes into account patient goals and preferences, resource availability, and physician 
expertise. This Guideline serves as a resource for clinicians and patients to provide 
the best available evidence on which to base discussions with patients in a shared 
decision-making process to arrive at appropriate treatment decisions.
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GUIDELINE STATEMENTS

Treatment of Patients With Kidney and/or Ureteral 
Stones

For adult patients undergoing shockwave 
lithotripsy (SWL) for kidney and/or ureteral 
stones, clinicians should prescribe post-
operative alpha-adrenergic blockers to 
improve stone-free rates and reduce post-
operative pain. (Strong Recommendation; Ev-
idence Level: Grade B)

A meta-analysis of 21 randomized controlled trials 
(RCTs) demonstrated higher stone-free rates and 

reduced post-operative pain among those prescribed 

adjuvant alpha blockers after SWL compared to 

those not prescribed alpha blockers. 1 Of note, how-

ever, an RCT in pediatric patients undergoing SWL 

found no difference in stone-free rates in the alpha 

blocker group compared to the control group. 2

Two additional RCTs demonstrated lower self-
reported pain with alpha blocker use after SWL. 3,4

Clinicians may perform ureteroscopy (URS) 
for adult patients with kidney and/or ureteral 
stones who have uncorrected bleeding diatheses 
or who require continued anticoagulant (AC)/ 
antiplatelet (AP) therapy. (Conditional Recom-
mendation; Evidence Level: Grade C)

While discontinuation of AC/AP therapy in the 
perioperative setting at the time of URS may improve 
intraoperative visualization, it is not clear that it af-
fects outcomes. An international multi-center pro-
spective URS registry showed a higher rate of 
bleeding complications in patients on perioperative 
AC/AP compared to those not on AC/AP therapy 
(1.1% vs 0.4%, P < .01). 5 In addition, a study from the 
Michigan Urological Surgery Improvement Collabo-
rative, representing multiple practice settings 
throughout the state of Michigan, demonstrated that 
while the continuation of both AP and AC increased 
the incidence of unplanned hospitalization, the dif-
ference was significant only in patients on AP ther-
apy. 6 Finally, a single institution study specifically
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powered to examine the impact of bleeding-related 
complications during URS, found no difference in 
bleeding complications between patients who were or 
were not on AC/AP therapy. 7 Of note, pre-stenting in 
the setting of continuous AC/AP therapy did not appear 
to change composite bleeding risk for patients under-
going URS, although it did decrease intraoperative 
bleeding and need for unplanned reoperation. 8

The Panel concluded that the data support the 
preferential use of URS for stone removal in pa-
tients who are unable to stop AC/AP therapy or in 
those with uncorrectable coagulopathies, presuming 
other factors do not preclude URS. However, 
consideration may be given to pre-stenting patients 
in this setting.

For adult patients with kidney and/or ure-
teral stones, clinicians may offer primary URS 
without prior stent placement. (Expert 
Opinion)

When comparing pre-stented patients to patients 
without pre-placed stents undergoing URS, there is 
not a clear association between stent placement and 
clinical outcome. Although some studies have 
demonstrated higher stone-free rates and lower 
ureteral injury rates, other outcomes, including 
emergency department (ED) visits, hospital read-
missions, post-operative hydronephrosis, pain, and 
bleeding complications were analyzed sporadically in 
these studies and showed no demonstrable difference 
in outcomes between pre-stented and unstented pa-
tients undergoing URS. 9,10 Similarly, when a ure-
teral access sheath (UAS) was used during URS 
procedures, there were no differences in stone-free 
rates or incidence of ureteral injury between the 
pre-stented and not pre-stented patients. 11

Without a clear directive from the literature 
demonstrating an advantage of pre-URS ureteral 
stent placement, pre-stenting is not necessary for 
dilation of the ureter. The Panel favors use of a pre-
URS ureteral stent only in certain clinical scenarios, 
such as for relief of obstruction or pain, treatment of 
infection, improvement of kidney function or to assure 
successful placement of a UAS at the time of definitive 
surgery. The placement of a pre-URS ureteral stent 
should be left to the discretion of the surgeon and 
based on prior knowledge of specific ureteral anatomy 
or stone burden, or in some pediatric patients.

For adult patients with kidney and/or ure-
teral stones undergoing URS, clinicians may 
use a UAS. (Conditional Recommendation; 
Evidence Level: Grade B)

A review of the clinical evidence demonstrates 
no meaningful difference in stone-free rates 
following URS with or without the use of a UAS. 12 

Concern for ureteral injury with use of a UAS has 
been unfounded, with several RCTs showing no 
difference in rates of ureteral injury between

patients undergoing URS with or without a 
UAS. 12-14 Furthermore, no differences in patient-
reported pain have been demonstrated in pa-
tients undergoing URS with or without a UAS. 12 

Finally, pre-placement of a ureteral stent has not 
been shown to improve outcomes of URS with a 
UAS with regard to stone-free rates, ureteral 
injury, bleeding complications, post-operative 
pain or ED visits. 12-14

On the other hand, the risk of post-operative in-
fectious complications may be reduced by use of a 
UAS. A 1-year global, prospective registry of 2239 
patients undergoing flexible URS demonstrated no 
differences in stone-free rate, ureteral injury, or 
bleeding complications between those treated with 
or without a UAS, although infectious complications 
such as fever, UTI, and sepsis were lower among 
patients treated with a UAS. 15

Passage of a UAS is not assured in all patients, 
and concern for ureteral injury has deterred some 
practitioners from routinely utilizing UAS. Two 
recent meta-analyses evaluated the benefit of pre-
operative alpha blockers on URS with a UAS. 
Although 1 meta-analysis showed a reduction in the 
incidence of ureteral injuries and a higher likelihood 
of successful UAS insertion with the use of pre-
operative alpha blockers, overall heterogeneity and 
discrepancies in the sensitivity analysis cast un-
certainty on advantage of alpha-blockers with re-
gard to UAS insertion. 16 The second meta-analysis 
found that pre-operative alpha blockers were asso-
ciated with significantly lower risks of stone access 
failure, need for ureteral dilation, post-operative 
residual stones and complications, and a 6 minute 
shorter procedure time compared to the control 
group, all of which were significant. 17 The only 
adverse event that differed between groups was a 
higher risk of ejaculatory dysfunction in the alpha 
blocker group. 17

Since these meta-analyses, another recent RCT 
demonstrated a higher rate of successful passage of 
a 12/14 Fr UAS in the alpha blocker group compared 
to the control group. 18 Consequently, clinicians may 
administer a short-course alpha blocker in advance 
of URS if use of a UAS is anticipated.

For adult patients with kidney and/or ure-
teral stones undergoing URS with a UAS, cli-
nicians may choose a flexible and navigable 
suction UAS. (Conditional Recommendation: 
Evidence Level: Grade C)

Two recent RCTs compared URS outcomes with 
the use of flexible and navigable suction UAS 
(FANS-UAS) vs standard UAS. One multi-center 
RCT showed higher 3-month CT stone-free rates, 
lower rates of post-operative fever, and greater 
improvement in quality of life scores in the FANS-
UAS group compared with the traditional UAS
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group. 19 A second RCT found significantly higher 
stone-free rates and lower visual analog pain 
scores in the FANS-UAS group compared to the 
standard UAS group. 20 Overall, among 8 studies 
in our systematic review (2 RCTS and 6 retro-
spective cohort studies [RCS]) 19-26 comparing 
FANS-UAS with standard UAS, all but 1 study 
(RCS) 24 showed higher stone-free rates in the 
FANS-UAS group compared with standard UAS. 
Because the aggregate of these studies showed a 
serious risk of bias, the evidence grade for this 
recommendation is Grade C and the recommen-
dation is Conditional. Whether incorporating 
suction and deflection into UAS tips the scales in 
favor of UAS-use remains to be seen.

Clinicians may use a single-use flexible 
ureteroscope or reusable flexible uretero-
scope for adult patients undergoing URS for 
kidney and/or ureteral stones. (Conditional 
Recommendation; Evidence Level: Grade A) 

Single-use flexible ureteroscopes represent an 
emerging technology for which uptake and use 
is multifactorial. A meta-analysis found that 
that single-use ureteroscopes are associated with 
higher stone-free rates and lower rates of post-
operative UTIs compared to reusable flexible ure-
teroscopes. 27 However, there was substantial het-
erogeneity among the included trials with regard 
to the definition of stone free. Despite the advan-
tages of single-use ureteroscopes, external factors 
such as practice environment may be the pri-
mary determinant of use of single-use uretero-
scopes vs reusable ureteroscopes, which remain a 
viable option.

For adult patients undergoing URS with 
laser lithotripsy for kidney and/or ureteral 
stones, clinicians may utilize either a hol-
mium:YAG or thulium fiber laser. (Conditional 
Recommendation; Evidence Level: Grade C) 

Although complications (eg, post-operative infec-
tion) and post-operative pain have been reported to 
occur at similar rates after URS using either a 
holmium:YAG laser or thulium fiber laser (TFL) 
laser, 28,29 stone-free rates have shown more vari-
ability among trials. Ulvik et al 28 reported higher 
stone-free rates for TFL compared to holmium:YAG 
laser lithotripsy for kidney stones, but comparable 
stone-free rates for ureteral stones in an RCT. A 
prospective cohort study and 2 other RCTs showed 
no significant difference in stone-free rates for URS 
using the 2 lasers. 29,30 However, 1 trial showed a 
higher rate of ureteral mucosal injury with TFL 
compared to holmium:YAG laser lithotripsy.

For patients with ureteral stones, clinicians 
should consider the uncertain benefits and the po-
tential for higher risk with TFL lithotripsy in the 
ureter.

For adult and pediatric patients undergo-
ing URS with laser lithotripsy for kidney and/ 
or ureteral stones, clinicians should utilize 
laser settings with the lowest total power that 
will accomplish clinical stone ablation. 
(Expert Opinion)

A guiding principle when utilizing URS to treat 
stones in the kidney and/or ureter is to use the 
lowest power settings necessary to ablate the stone, 
while minimizing the risk of injury. Unnecessary 
increases in frequency made possible by high-power 
lasers can increase the risk of injury due to higher 
delivered power that increases intra-renal temper-
ature and laser pulses that hit the surrounding 
tissue rather than the stone. Although this principle 
applies equally to stones in the kidneys and ureters, 
particular care should be taken when performing 
URS with laser lithotripsy for ureteral stones, as 
the default power settings provided by the manu-
facturer have been associated with ureteral stric-
tures. In particular, when treating ureteral stones, 
it is advisable to use the minimum energy required 
to treat the stone (eg, <10 W), particularly when 
using low irrigation flow rates.

For adult and pediatric patients undergo-
ing URS with laser lithotripsy for kidney and/ 
or ureteral stones, clinicians may utilize a 
strategy of fragmenting and basketing or 
“dusting”. (Conditional Recommendation; Ev-
idence Level: Grade B)

“Dusting” is a strategy to lase stones into fine 
particles or “dust,” while fragmentation and bas-
keting implies fracturing stones into pieces that can 
be individually withdrawn. A meta-analysis 
comparing the 2 strategies found a higher stone-
free rate with basketing than dusting. 31 While 
operative time was 11.6 minutes shorter in the 
dusting group compared to the basketing group, 
retreatment rate favored basketing. A more recent 
RCT of 60 patients undergoing URS for proximal 
ureteral stones found no difference in stone-free 
rates between the 2 groups. 32 The Panel acknowl-
edges that the recent introduction of active suction 
during URS and the widespread use of TFL, neither 
of which technologies were represented in most of 
the analyzed studies, will necessitate further eval-
uation to better define these technologies during 
URS and to assess their impact on the selection of 
laser strategy during URS.

In pediatric patients, basketing and dusting 
strategies for URS have been shown to yield com-
parable outcomes. Stone clearance for semi-rigid 
URS with laser lithotripsy for pediatric patients 
with ureteral stones using either fragmentation/ 
basketing or dusting is high (>96%) based on ul-
trasound (US) and KUB, with no discernable dif-
ference in outcomes between the 2 techniques. 33
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For adult patients with kidney and/or ure-
teral stones, clinicians may omit post-operative 
ureteral stent placement following uncompli-
cated URS. (Conditional Recommendation; Evi-
dence Level: Grade C)

Uncomplicated URS is variably defined as URS 
performed in patients with 2 functioning, anatom-
ically normal kidneys for kidney and/or unim-
pacted ureteral stones, for which there is no 
suspicion of residual ureteral fragments and no 
signs of injury or significant edema. Among 5 RCTs 
comparing outcomes after URS in patients who 
were or were not stented after the procedure, 4 
showed no difference in post-operative ED visits 
between stented and unstented patients, 34-37 

although 1 study reported a higher rate of ED visits 
in the stented group. 38 Furthermore, although 
most trials found no difference in pain intensity 
between patients with or without stents after 
URS, 35,39 2 RCTs noted less patient-reported pain 
in unstented compared to stented patients after 
URS. 40,41 Overall, omitting stent placement after 
uncomplicated URS does not appear to increase 
post-operative morbidity.

For adult and pediatric patients undergo-
ing surgical intervention for kidney and/or 
ureteral stones, clinicians should obtain 
stone for analysis when possible. (Clinical 
Principle)

Surgical collection of stone material or collection 
of stone fragments after SWL may provide the only 
opportunity to determine stone composition. In 
some cases, knowledge of stone composition can 
predict the underlying metabolic abnormalities 
contributing to stone formation, such as for uric 
acid, struvite, and cystine stones. 42 Furthermore, it 
can impact future decisions regarding surgical stone 
management because of known limitations of sur-
gical technologies with some stone types (ie, cystine 
stones are relatively SWL-resistant).

For adult patients undergoing surgical 
intervention for kidney and/or ureteral 
stones, clinicians should utilize a multi-modal, 
non-opioid analgesic regimen and minimize 
use of opioids for post-operative pain man-
agement. (Moderate Recommendation; Evi-
dence Level: Grade C)

A large retrospective cohort study demonstrated 
that patients not prescribed post-operative opioids 
had significantly lower rates of unplanned ED visits 
and readmission rates compared to those prescribed 
opioids after URS. 43 In contrast, a smaller pro-
spective cohort study demonstrated no difference in 
ED visits among those prescribed only opioids vs 
those prescribed NSAIDs. 44

Opioids have not demonstrated superior pain 
control after URS or percutaneous nephrolithotomy

(PCNL) compared to NSAIDS. In a prospective 
cohort study of patients undergoing URS, those not 
prescribed opioids had no greater pain in the re-
covery room, after discharge, or on the evening after 
surgery compared to those prescribed opioids. 44 

Likewise, a retrospective cohort study of patients 
who underwent PCNL showed no difference in un-
planned pain-related ED visits, office phone calls, or 
office visits in patients prescribed ketorolac 
compared with those prescribed opioids. 45 Finally, 
an RCT of patients undergoing either PCNL or URS 
showed comparable satisfaction with pain relief 
between those prescribed adjuvant opioids and 
those prescribed ketorolac, although self-reported 
average pain intensity was higher in those pre-
scribed opioids compared to those who received 
ketorolac. 46 Based on these data, the Panel recom-
mends non-opioid-based multimodal pain regimens 
as first-line therapy for patients undergoing surgi-
cal stone procedures.

For adult and pediatric patients undergo-
ing surgical intervention for kidney and/or 
ureteral stones, clinicians should order 
follow-up imaging to assess residual stone 
burden and to identify hydronephrosis or 
other procedure-related complications. 
(Expert Opinion)

In the post-treatment setting, use and timing of a 
specific imaging modality should be individualized 
based on patient characteristics (eg, age, body 
habitus), risk factors for stone recurrence, and 
treatment goals. If residual fragments are identified 
on follow-up imaging after surgery, the patient can 
be counseled on the risk of future stone events and 
the benefit of secondary procedures to achieve a 
stone-free state vs observation with active surveil-
lance. Although the optimal timing of initial follow-
up imaging has not been established, 4 to 12 weeks 
after surgical intervention is a common and 
reasonable practice. Although among imaging mo-
dalities CT has the highest sensitivity and speci-
ficity for the detection of residual fragments after 
surgery, it subjects patients to ionizing radiation, 47 

and therefore KUB and US are typically used to 
assess stone clearance and hydronephrosis. How-
ever, low dose and ultra-low dose CT protocols can 
be utilized, consistent with the As Low As Reason-
ably Achievable (ALARA) principle. A multi-center 
retrospective analysis of post-URS imaging within 
3 months showed that CT had the highest frequency 
of detecting stone fragments associated with stone 
events and reintervention compared to KUB or 
combination KUB/US. 48 Of note, only US and CT, 
but not KUB, can determine the presence of post-
operative hydronephrosis. While rare, new or 
worsening hydronephrosis after treatment can lead 
to the permanent loss of renal function if the
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obstruction is prolonged, and therefore assessment 
of post-operative renal drainage is essential.

For adult and pediatric patients with re-
sidual stones after undergoing surgical inter-
vention for kidney and/or ureteral stones, 
clinicians should offer secondary endoscopic 
removal of residual fragments and engage in 
shared decision-making, taking into account 
the benefits and risks. (Moderate Recommen-
dation; Evidence Level: Grade C)

The decision to manage residual fragments with 
observation vs active intervention depends on the 
balance between the risk of an additional surgical 
procedure and the benefit of preventing pain, 
obstruction, infection, or continued stone growth 
that risks the need for urgent intervention. 
Although any residual fragment may ultimately 
require intervention, several studies have shown 
that the risk of requiring intervention is greater for 
larger vs smaller residual fragments. RCS evalu-
ating the outcome of residual fragments after sur-
gical stone procedures have shown that residual 
fragments > 4 mm in size are associated with higher 
rates of unplanned secondary procedures than re-
sidual fragments � 4 mm in size. 49 In addition, a 
meta-analysis of 18 studies with over 2000 patients 
with residual fragments following SWL, URS, or 
PCNL reported that patients with > 4 mm residual 
fragments had 50% greater odds of requiring an 
unplanned secondary procedure compared to pa-
tients with smaller fragments (Odds Ratio: 1.50; 
95% CI: 0.70-2.30). 50

Residual fragments after PCNL represent a 
unique consideration due to the ability to perform a 
secondary procedure through an existing tract with 
flexible nephroscopy, which may be performed dur-
ing the same admission. As recommended in Part II 
of the summary, for patients undergoing PCNL, 
clinicians may obtain a CT in the immediate/early 
post-operative period to assess stone-free status 
and determine the need for a secondary procedure. 
Clinicians should offer URS or flexible nephroscopy 
to retrieve residual fragments after PCNL, even if 
the decision is ultimately made to defer. Although 
traditionally, second look flexible nephroscopy was 
utilized to retrieve residual stones, secondary URS, 
particularly if no nephrostomy tube is left after 
PCNL, is an alternative modality. URS was found in 
both an RCT 51 and retrospective cohort study 52 to 
yield higher stone-free rates compared to SWL for 
removal of post-PCNL residual fragments.

The Panel acknowledges that in recent years 
tubeless PCNL has become more common, and recent 
studies often do not include second look flexible 
nephroscopy. However prior studies supported treat-
ing residual fragments > 2 mm with flexible nephro-
scopy to prevent future stone events. 53 Additional

studies found significantly higher rates of stone-
related events for residual fragments > 4 mm after 
PCNL and higher rates of fragment growth or 
obstruction for residual fragments > 3 mm after 
PCNL. 49,54 The high incidence of stone-related events 
should encourage clinicians to at least offer a sec-
ondary procedure to treat residual fragments after 
PCNL.

Armed with this data, clinicians should counsel 
patients with residual fragments that these frag-
ments may lead to asymptomatic or symptomatic 
stone passage or may require unplanned interven-
tion or attention. The benefit of avoiding these 
events through planned secondary surgical proced-
ures to remove residual fragments must be weighed 
against the risk of pre-emptive surgical intervention 
in a discussion with patients involving shared de-
cision-making.

Treatment of Pregnant Patients With Kidney or 
Ureteral Stones
For pregnant patients with suspected symp-
tomatic kidney and/or ureteral stones, clini-
cians should utilize US as first-line imaging. If 
further imaging is indicated, non-contrast 
magnetic resonance imaging (MRI) or CT are 
both appropriate alternatives. (Expert Opinion) 

Because US is noninvasive and has no associated 
ionizing radiation, it is the recommended first-line 
imaging modality in pregnant women with sus-
pected obstructing stones during pregnancy. 55 If 
diagnostic uncertainty persists after abdominal US 
imaging, transvaginal US has been demonstrated to 
be a useful adjunct in diagnosis of distal ureteral 
stones, outperforming transabdominal US and 
detecting 94% of distal ureteral stones. 56 Addition-
ally, Doppler US and calculation of renal resistive 
index may improve utility of US for diagnosing 
stones during pregnancy. Although there is currently 
no data in pregnant patients, non-visualization of the 
ipsilateral ureteral jet on US of the bladder may 
suggest obstruction. 57 However, limitations of US 
remain well recognized, particularly in light of the 
occurrence of physiologic hydronephrosis of preg-
nancy which may confound accurate diagnosis. 
Therefore, additional imaging modalities may also be 
necessary when diagnostic uncertainty persists.

Like US, non-contrast MRI also avoids exposure 
to ionizing radiation and can be used during any 
trimester. However, stones are not directly visual-
ized on MRI, and therefore interpretation must rely 
on secondary findings associated with obstruction. 
As such, MRI has a reported 80% positive predictive 
value for stones. 58

By far, the most accurate imaging modality for 
the diagnosis of ureteral stones in pregnancy is non-
contrast CT. Teratogenic effects of fetal radiation
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exposure are highest between the 2nd and 20th 
weeks of gestation; nevertheless, typical stone pro-
tocol CT imaging is performed at doses below tera-
togenic thresholds of 5 rad (50 milligray). 59 When 
uncertainty persists after US imaging and a prompt 
diagnosis provides maternal benefit outweighing 
fetal risks, CT has been advocated and demon-
strates diagnostic utility. 59,60 Low dose protocols 
can be utilized.

When employing any imaging study during 
pregnancy, it is most prudent to involve the ob-
stetric team. If ionizing radiation is to be utilized, 
the clinician should consider further consultation 
with radiology and/or a medical physicist. 59 These 
consultants can best inform shared decision-making 
with the patient.

For pregnant patients with symptomatic 
kidney and/or ureteral stones, clinicians 
should coordinate pharmacologic and/or sur-
gical intervention with the obstetrician. 
(Clinical Principle)

Urolithiasis during pregnancy presents a myriad 
of challenges, including those arising from the 
maternal physiologic response to pregnancy, the 
presence of the developing fetus in utero, and po-
tential fetal implications of exposure to medications, 
radiation, and anesthetics. These concerns demand 
a multidisciplinary approach. Obstetricians as well 
as radiologists, radiation physicists, anesthesiolo-
gists, and pharmacists may offer important insights 
into maternal and fetal risks of management. 
Additionally, the American College of Obstetrics 
and Gynecology (ACOG) issued a committee state-
ment that when considering surgery, an obstetri-
cian should be notified and readily available. 61 

For pregnant patients with kidney and/or 
ureteral stones and well controlled symp-
toms, clinicians should offer observation with 
a trial of stone passage. (Clinical Principle) 

Successful trial of passage for ureteral stones 
during pregnancy has been reported, although in 
retrospective data, both rate of passage and time 
to passage varied. Utilizing strict criteria, pas-
sage rates have been reported to be as low as 
48%. 62 More recent studies have reported stone 
passage in 40% to 60% of women, with mean time 
to passage between 17 and 35 days. 63 Patients 
should be counseled that if observation is elected, 
delayed intervention may be required. Intrac-
table symptoms should prompt consideration of 
intervention.

The utility of tamsulosin in promoting sponta-
neous stone passage in pregnant women with ure-
teral stones has been evaluated in RCS. 63,64 While 2 
studies concluded that tamsulosin did not appear to 
be associated with adverse effects for either mother 
or unborn child, neither demonstrated significantly

improved rates of passage in the tamsulosin cohort 
compared to the observation cohort.

For pregnant patients with ureteral stones 
for whom a trial of passage is unsuccessful or 
who are not candidates for a trial of passage, 
clinicians may offer URS. Placement of a ure-
teral stent or nephrostomy tube, with 
frequent tube changes, may be offered as an 
alternative to URS. (Conditional Recommen-
dation; Evidence Level: Grade C)

For a pregnant woman with a ureteral stone who 
declines or experiences an unsuccessful trial of 
passage, the clinician may offer URS for planned 
definitive treatment. The safety of URS during 
pregnancy has been demonstrated, with published 
reports showing no difference in endoscopic com-
plications compared with URS in the nonpregnant 
patient. 65 A 4.3% risk of obstetric complications 
including preterm labor has been reported, consis-
tent with risk of obstetric complications associated 
with non-urologic surgery during pregnancy. 66 The 
ACOG committee statement recommends notifica-
tion of and coordination with an obstetrician and 
delineates perioperative and intraoperative fetal 
monitoring recommendations. 61

Nonobstetric surgery during any trimester is 
associated with potential adverse birth outcomes. 
ACOG recommends that while elective surgery 
should be postponed until after delivery, medically 
necessary surgery during pregnancy should not be 
denied or delayed, regardless of trimester. 61 In the 
opinion of the Panel, the preferred timing for 
intervention is during the second trimester, after 
the period of fetal viability has been has been 
reached.

Although both stent and nephrostomy drainage 
may be considered viable alternatives to URS, 
growing retrospective evidence suggests advantages 
of stent over nephrostomy management. Compared 
to a nephrostomy tube, ureteral stenting was asso-
ciated with lower risk for UTI, inpatient hospitali-
zation, and ED visits. 67 Due to accelerated 
encrustation during pregnancy, both nephrostomy 
tubes and ureteral stents require more frequent 
stent exchange, typically every 4 to 6 weeks.

FUTURE DIRECTIONS
The intensive work that went into developing this 
Guideline has identified much that has been 
accomplished in advancing our understanding of 
the treatment of patients with kidney and ure-
teral stones but has also identified gaps in 
knowledge. Given the prevalence of this condi-
tion, efforts to fill these gaps will result in a 
broader understanding of how to treat patients 
optimally and will meaningfully benefit urologic
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practice. As has been noted in many AUA 
Guideline documents, there is a paucity of high-
quality RCTs in the urologic field that compare 
outcomes for surgical interventions. In addition 
to this Guideline serving as a call for future 
studies of high-quality design, there is also a need 
to ensure that the reporting of outcomes in these 
studies is standardized and reproducible. In 
many cases, this Guideline was challenged by 
heterogenous reporting of clinical outcomes.

In this Guideline, we now see the introduction of 
mini-PCNL and suction technologies. However, in 
many cases these technologies are still sensitive to 
the patient’s baseline stone burden. In other cases, 
such as utilizing high frequency lasers for a “dust-
ing” approach to stone treatment, the outcomes 
appear to be inferior to the prior technique of basket 
extraction. As always, future efforts should continue 
to be devoted to improving the efficiency of stone 
removal through less invasive platforms as this will 
continue to further benefit patients. During the 
drafting of this Guideline, it has been apparent that 
novel therapies have recently arrived or are going to 
be arriving in the clinical domain. Among these 
therapies are suction-based retrograde approaches, 
ultrasonic propulsion burst wave lithotripsy, robotic

platforms, hybrid lasers, and the ability to monitor 
collecting system temperature and pressure. 
Importantly, as these novel technologies and tech-
niques are introduced, they should be rigorously 
and critically assessed in clinical investigations that 
employ clearly described, high quality imaging, and 
adhere to standardized definitions of treatment 
outcomes.

Lastly, but perhaps most importantly, under-
standing the patient perspective on the treatment 
of stones is limited, and there has been little 
investigation into the methodology of shared 
decision-making. There is a need for study de-
signs that include patient-reported outcomes such 
as quality-of-life effects. In addition, fundamental 
questions that patients will ask a urologist, such 
as how long it will take for a ureteral stone to 
pass, when to intervene on an asymptomatic 
stone, how to optimally treat stent discomfort, 
and whether anything can be done to promote 
stone passage, remain largely unanswered. 
Including the patient perspective in this Guide-
line served to underscore these important con-
siderations and should be front-of-mind as we 
design future studies assessing the quality and 
outcomes of stone treatment.
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