
Endourology and Stones
Nephrolithiasis in Pregnancy: Treating

for Two

Jessica C. Dai, Tristan M. Nicholson, Helena C. Chang, Alana C. Desai, Robert M. Sweet,
Jonathan D. Harper, and Mathew D. Sorensen

OBJECTIVES To review the literature regarding the epidemiology of stone disease and develop a management
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algorithm based on current evidence and societal guidelines.

METHODS
 A structured literature review was performed to determine highest quality of evidence guiding care for

pregnant patients with symptomatic nephrolithiasis. PUBMED and EMBASE databases were
searched using terms “pregnancy,” “nephrolithiasis,” or “pregnancy” and “renal colic” alone and in
combination with “stone”, “kidney stone,” “ultrasound,” “MRI,” “CT,” “percutaneous nephrostomy,”
“ureteral stent,” or “ureteroscopy.” All English-language abstracts were reviewed for relevance and
full-length articles were reviewed for content. Articles published prior to 1990 were excluded, and pri-
ority for inclusion was given to multi-institutional studies and larger institutional studies, reflecting
the highest level of current available evidence and most contemporaneous practice patterns.
RESULTS
 Symptomatic nephrolithiasis affects less than 1% of pregnancies but poses unique diagnostic chal-
lenges due to the physiologic changes of pregnancy and risks of ionizing radiation exposure to the
fetus. Ultrasound remains the imaging modality of choice. Most patients may be managed non-
operatively, but drainage with percutaneous nephrostomy or ureteral stent may be performed if
warranted. Growing evidence also supports the safety and efficacy of definitive stone treatment.
CONCLUSIONS
 Though rare, symptomatic nephrolithiasis poses significant clinical challenges due to the need to
minimize risk for both mother and fetus with diagnostic and therapeutic interventions. A multi-
disciplinary approach is paramount, as is shared decision making with the patient at each step of
care. UROLOGY 151: 44−53, 2021. © 2020 Elsevier Inc.
Nephrolithiasis affects an estimated 7.1% of women
in the United States, with increasing prevalence.1

A stone event during pregnancy affects both
maternal and fetal well-being, and poses specific diagnostic
and therapeutic challenges in management. Herein, we
review the literature regarding the epidemiology of stone
disease and consider the unique challenges of managing
acute renal colic during pregnancy. We propose a manage-
ment algorithm based on current evidence and guidelines
from the American Urological Association (AUA) and
European Urological Association (EAU).2-4
METHODS
We performed a structured review of the current literature to deter-
mine the highest quality of evidence guiding care for pregnant
patients with symptomatic nephrolithiasis. PUBMED and EMBASE
databases were searched using the terms “pregnancy” and
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“nephrolithiasis” or “pregnancy” and “renal colic” alone and in com-
bination with any of the following terms: “stone,” “kidney stone,”
“ultrasound,” “MRI,” “CT,” “percutaneous nephrostomy,” “ureteral
stent,” or “ureteroscopy.” All English-language abstracts were
reviewed by a single reviewer (JCD) and full-length articles were
reviewed if they pertained to the epidemiology, pathophysiology,
diagnosis, management, or outcomes of nephrolithiasis in pregnant
patients. Reference lists for each article were then reviewed to iden-
tify additional pertinent articles. Only articles published after 1990
were included, with priority for multi-institutional studies and larger
institutional series to reflect the highest level of available evidence
and most contemporaneous technology and practice patterns.
EPIDEMIOLOGY
The reported incidence of stone disease in the pregnant
population varies widely. Rates of hospitalization for stone
episodes in institutional series range from 0.03% to 0.4%
of all deliveries.5-8 Larger population-level studies utilizing
national insurance claims data estimate the prevalence of
nephrolithiasis diagnoses from 0.14% to 0.8% of all deliv-
eries.9-11 Stone recurrence rates among pregnant women
appear higher than the general population (29% recur-
rence rate, mean follow-up 51 months).12 However, the
prevalence of stone disease among pregnant women does
© 2020 Published by Elsevier Inc.
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Table 1. Diagnoses of renal colic or nephrolithiasis during pregnancy

Study
# of

Diagnoses
Metric of
Diagnosis

Common Presenting
Symptoms

Method of Stone
Confirmation

# of Confirmed
Stones

Initial
Misdiagnosis

Strothers et al,
19925

80 Hospital
discharge
diagnosis

� Flank pain (89%)

� Microhematuria (69%)

� Nausea (61%)

� Abdominal pain (46%)

� Gross hematuria (28%)

� Chills (13%)

� Fever (9%)

� Visualization of
passed stone

� IVP

� Stone retrieved
during operation

57 (71%) Other (28%)
� Placental
abruption

� Appendicitis
� Diverticulitis

Parulkar et al,
199820

72 Hospital
discharge
diagnosis

� Renal colic (99%)

� Microhematuria (83%)

� Preterm labor (19%)

� Pyelonephritis (9%)

� US

� IVP

42 (58%)
7 patients did not
undergo imaging
(known history of
nephrolithiasis)

Not reported

Butler et al,
20006

57 Hospital
discharge
diagnosis

� Flank pain (84%)

� Hematuria (81%)

� Nausea (37%)

� Pain with radiation to
the groin (37%)

� Chills (7%)

� US

� Plain abdominal
x-ray

� IVP

� Visualization of
passed stone

� Urine straining for
calculi

57 (100%)

� Pyelonephritis
(21%)

� Other (18%)
� Term labor
� Hematuria
� Hyperemesis
� Suspected
appendicitis

Lifshitz et al,
200221

10 Clinical � Flank pain (100%)

� Microscopic hematuria
(60%)

� Gross hematuria (20%)

� Nausea/vomiting (20%)

� Fever (10%)

� US

� IVP

� Ureteroscopy

8 (80%) Not reported

Burgess et al,
201112

117 ICD-9 codes � Flank pain (80%)

� Microscopic hematuria
(57%)

� Gross hematuria (15%)

� Stone seen on
imaging

� Stone identified at
time of surgical
intervention

� Visualization of
passed stone

� Symptoms during
pregnancy + stone
diagnosis within 6
months of delivery

90 (77%) Not reported

White et al,
201323

51 Clinical Not reported � US

� CT

� MRI

� Ureteroscopy

44 (86%) Not reported

Isen et al,
201224

36 Clinical � Colicky flank pain (100%)

� Hematuria (94%)

� Nausea/vomiting (69%)

� Fever (11%)

� US

� Ureteroscopy

� Spontaneous stone
passage

36 (100%) Not reported

CT, computed tomography; IVP, intravenous pyelography; MRI, magnetic resonance imaging; US, ultrasound.
not appear to be increasing over time in parallel to the
growing prevalence of stone disease among women.13

A unique set of physiologic changes during pregnancy
affects stone risk. Lithogenic factors in pregnancy include
increasing oxaluria, uricosuria, natriuria, and calciuria;
the latter may be related to placental secretion of vitamin
1,25-dihydroxycholecalciferol.14,15 Additionally, urinary
stasis in the kidney and ureter from the gravid uterus and
progesterone-mediated ureteral smooth muscle relaxation
further promote urinary crystallization. These factors are
counter-balanced by increased renal blood flow and glo-
merular filtration rates, as well as increased urinary levels
of stone inhibitors such as citrate, nephrocalcin, magne-
sium, glycosaminoglycans, and uromodulin.14,15 Stone
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composition also differs in pregnancy, with pregnant
patients more than twice as likely to have calcium phos-
phate stones (66%-88%) than their non-pregnant
counterparts.5,12,16,17 This is hypothesized to be driven, in
part, by the hypercalciuria of pregnancy, as well as higher
urine pH, which may be due to increased urinary citrate.17
DIAGNOSIS

Symptoms
Most stone episodes are diagnosed during the second or
third trimester (38% and 33%-48%, respectively).9,16

Admissions for renal colic are also most common
45



Table 2. Reported sensitivity and specificity of ultrasonography for the detection of nephrolithiasis among pregnant women

Study Type
# of

Subjects Years of Study Confirmatory Method Sensitivity Specificity

Strothers et al,
19925

Retrospective,
single center

80 1979-1990 � Stone passage, directly
visualized

� Stone retrieved at time of
intervention

� Stone seen on fluoroscopic
imaging (IVP or RPG)

34% 86%

Parulkar et al,
199820

Retrospective,
single center

70 1984-1995 � Stone visualized on IVP (only
8% of cases receiving US)

95.2% 87%

Butler et al, 20006 Retrospective,
single center

57 1986-1999 � Stone visualized on IVP
� Stone passage, directly
visualized

60% -

Lifshitz and
Lingeman 200221

Retrospective,
single center

10 1998-2000 � Intra-operative findings
(URS)

28.5% -

Burgess et al,
201112

Retrospective,
single center

112 1997-2009 � Stone passage, directly
visualized

� Stone identified on imaging
(US, x-ray, CT, or MRI)

� Stone identified at surgical
intervention

54% 78.6%

White et al, 201323 Retrospective,
multi-center
(5 tertiary care
centers)

51 2004-2012 � Ureteroscopy findings 77% -

Isen et al, 201224 Retrospective,
single center

Clinical 2002-2011 � US
� Ureteroscopy
� Spontaneous stone passage

69% -

CT, computed tomography; IVP, intravenous pyelography; MRI, magnetic resonance imaging; RPG, retrograde pyelogram; URS, uretero-
scopy; US, ultrasound.
during the second and third trimesters (27% and 68%,
respectively).18 Nephrolithiasis is the most common rea-
son for pain-related hospitalization during pregnancy.19,20

Most patients present with flank pain and hematuria,
though additional symptoms may include nausea or
fevers; abdominal pain is rarely the sole presenting
symptom.5,12,20,21 These are similar to presenting symptoms
in non-pregnant individuals. There is nearly equal laterality
of flank pain on initial presentation and nearly a quarter of
pregnant patients with renal colic are diagnosed clinically
with nephrolithiasis without confirmatory imaging.5,12,19

However, clinical misdiagnosis is common. Stothers
et al reported that 28% of pregnant women ultimately
diagnosed with stones were initially incorrectly diag-
nosed with appendicitis, placental abruption, or
diverticulitis.5 Understanding rates of false positive
diagnoses is difficult due to lack of consistent confir-
matory studies for each case (Table 1). In many cases,
the diagnosis of nephrolithiasis is not confirmed by
imaging, endoscopy, or visualization of the passed
stone.

Imaging
Ultrasonography. Renal Ultrasonography (US) is the
first-line imaging modality for pregnant women with sus-
pected nephrolithiasis.2,3 The reported sensitivity of US
for detection of nephrolithiasis in this population varies
widely from 29% to 95% (Table 2). The reported negative
ureteroscopy rate from US imaging alone is 14%, with a
46
77% positive predictive value of US for intra-operative
stone.22 When the presence of stones is confirmed by
spontaneous passage, surgical retrieval, or fluoroscopic
imaging, the false negative rate of US for stone detection
among pregnant women has been reported as high as
68%.5 Thus, US as a sole imaging modality for nephroli-
thiasis in this population has limitations.

A major challenge of diagnosing symptomatic stones
using US in pregnant women is the reliance on indirect
indicators of stone presence when the stone itself is not
visualized. As physiologic hydronephrosis of pregnancy
is reported in up to 90% of patients, typical findings of
ureteral dilation or hydronephrosis are unreliable.15 In
cases of physiologic dilation, ureteral dilation typically
extends down to the level of the iliac vessels, beyond
which the ureter tapers; in a series of 105 pregnant
women with distal ureteral stones, ureteral dilation was
seen distal to the iliac vessels in all.23 Thus, distal dila-
tion of the ureter on US may be a key sonographic fea-
ture to differentiate stone-related obstruction from
physiologic dilation.

The intra-renal resistive index (RI) has been suggested
as a sonographic feature that may improve the diagnostic
accuracy of US for obstructing stones in pregnancy. Sho-
keir et al demonstrated that among pregnant women with
renal colic and confirmed stones, a mean RI of 0.7 had a
45% sensitivity and 91% specificity for the diagnosis of an
obstructing stone. Moreover, a difference in RI between
kidneys of 0.06 was found to have a 95% sensitivity and
UROLOGY 151, 2021



100% specificity for stones in the same population. Both
values were significantly higher than those of asymptom-
atic, pregnant women, and non-pregnant women without
nephrolithiasis, who had similar RI and difference in RI
(0.6 and 0.006, respectively). These findings further dem-
onstrate that neither RI nor difference in RI between kid-
neys is affected by the physiologic hydronephrosis of
pregnancy, and both measures may help differentiate this
from hydronephrosis from acute obstruction.24

Ureteral jets are another sonographic feature that may
improve the diagnostic accuracy of US. Absence of ure-
teral jets has been reported in some series to have high
sensitivity and specificity (100% and 91%, respectively)
for detection of ipsilateral obstruction in non-pregnant
patients.14 However, unilateral absence of ureteral jets has
been described in pregnant women without nephrolithia-
sis, and may also be positionally dependent, limiting the
use of this feature in isolation in pregnant patients.14,25

When noted together with an elevated RI, the absence of
a ureteral jet improves the diagnostic accuracy of US from
56.2% to 71.9%.26 Such features may enhance the utility
of US in diagnosing stones among pregnant women and
may help guide clinical decision-making for the urologist.
Transvaginal US has been suggested as an adjunctive

modality to abdominal sonography, particularly for the
diagnosis of distal ureteral stones. Laing et al evaluated 13
women (6 pregnant) with distal ureteral stones using both
abdominal and transvaginal US. Abdominal US defini-
tively diagnosed a distal stone in only 2 of 13 cases,
whereas all cases were diagnosed with transvaginal US.27

Notably, hydronephrosis was absent in 3 patients and
symmetric ureteral jets were noted in 2 patients, further
affirming that indirect indicators alone may be insufficient
for accurate diagnosis of distal ureteral stones.27 More evi-
dence is needed to support routine adoption of transvagi-
nal US in diagnosing distal ureteral stones in pregnant
women. Sonographer experience and availability may
limit more widespread use of this modality.
Magnetic Resonance Imaging. Magnetic Resonance
Imaging (MRI), and in particular, magnetic resonance
urography (MRU), has been suggested as an alternative
cross-sectional imaging modality for the diagnosis of neph-
rolithiasis in pregnant women, which lacks the radiation
exposure risks of computed tomography (CT). Both the
AUA and EAU recommend MRI as second-line imaging
for pregnant patients.2,3 Gadolinium contrast has been
shown to be teratogenic in animals, but not human stud-
ies. Thus, the American College of Obstetricians and
Gynecologists (ACOG) still recommends use of gadolin-
ium contrast for scenarios where the benefit clearly out-
weighs the potential risks.28 Even without gadolinium
contrast, static-fluid T2-weighted imaging, such as
weighted half-Fourier single-shot turbo-spin echo MRU,
provides cross-sectional imaging that can successfully dif-
ferentiate between hydronephrosis of pregnancy from
stone-related obstruction in 89% of cases.29 Moreover,
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these image sequences can be more rapidly acquired than
traditional MRI.

Obstructing stones on MRU appear as signal voids.
Proximal ureteral dilation, perirenal or periureteral fluid,
and the “double kink” sign (ureteral kinking at the pelvic
brim with a column of urine seen down to the level of the
ureterovesical junction) are other features suggestive of
obstructing ureteral stones.29,30 When corroborated with
ureteroscopy findings, the positive predictive value of
MRI for diagnosis of stones among pregnant women is
80%.22 However, studies on the role of MRU in this con-
text are limited. Use of this modality is further limited by
cost, time, and MRI availability.

Computed Tomography. Though CT is the gold standard
for detection of nephrolithiasis, it is not recommended as
first-line imaging for pregnant patients.2,3 The teratogenic
effects of fetal radiation exposure are significant, ranging
from pregnancy loss, congenital anomalies, growth retar-
dation, severe mental retardation, and microcephaly.
These effects are dependent on both gestational age and
level of exposure, with most significant effects occurring
before or during the first trimester.28,31 The risk of fetal
abnormalities is negligible at levels below 50 mSv, and
there are no reported cases of abortion, fetal anomalies, or
growth restriction below this exposure.28,31 The risk of
childhood cancers related to early radiation exposure
remains unclear.14,31

The median estimated radiation exposure for a non-
contrast CT of the abdomen and pelvis lies well below
50 mSv.2 Moreover, use of low-dose CT techniques and
ultra-low dose CT techniques can achieve exposures of
<4 mSv and even <1 mSv, respectively.2 White et al
reported a mean radiation dose of 0.65 mSv for low dose
CT obtained for suspected nephrolithiasis in 24 pregnant
women at 5 tertiary care centers.22 However, adoption of
these techniques remains limited, and wide variability in
exposures for “low dose” scans across institutions
remains.32

The 2017 consensus statement from ACOG supports
the use of CT if deemed necessary, or if imaging with US
or MRI is not readily available, citing the fact that typical
radiation dose from CT lies below the exposures associ-
ated with fetal harm.28 However, in the absence of defini-
tive evidence demonstrating safety of ionizing radiation
exposure to the fetus at any level, it remains prudent to
utilize imaging modalities without radiation risk, such as
US or MRI, particularly in the earlier stages of preg-
nancy.2,3 Selection of imaging modality, particularly if
considering CT, should be part of a shared decision mak-
ing process with the patient, radiology, and obstetrics
team. Moreover, discussion of potential risks of even low
radiation exposures should be included.

Abdominal Plain-Films and Intravenous Pyelography.
Abdominal plain-film x-ray kidneys, ureter, bladder (KUB)
and intravenous pyelography were historically used but are
uncommonly used in contemporaneous practice due to
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growing use of cross-sectional imaging modalities.5,6,19

Despite low exposures, both still expose the developing fetus
to ionizing radiation. Moreover, detection of a stone may be
limited, due to overlying bowel or fetal skeleton.15 At some
institutions where ultra-low-dose CT protocols have been
developed, cross-sectional imaging can be obtained with
radiation exposures at levels similar to kidneys, ureter, blad-
der (KUB) and less than intravenous pyelography, further
limiting the utility of these imaging modalities for pregnant
patients.
TREATMENT
The management of pregnant women with renal colic
from obstructing stones is a unique situation with implica-
tions for both mother and fetus. Each option comes with
risks and benefits that must be carefully balanced. Multi-
disciplinary, patient-centered care should be prioritized at
each step, with frequent re-evaluation of maternal and
fetal well-being. Moreover, decisions regarding care of
these patients must be tailored to the patient’s clinical sce-
nario, considering the mother’s preferences and risk toler-
ance.

Expectant Management
Timely, appropriate management of renal colic and sus-
pected nephrolithiasis in pregnancy is paramount, due to
obstetrical repercussions. Retrospective studies have dem-
onstrated a higher risk of preterm, premature rupture of
membranes, low birth weight, pre-eclampsia, preterm
delivery, and infant death among pregnant women with
renal colic.7,11,18,19,26,33 Nonetheless, expectant manage-
ment is recommended as the first line approach to the
pregnant stone patient without overt infection.4,15,19 This
includes hydration, anti-emetics, and adequate analgesia,
typically with acetaminophen and narcotics if needed.
Most patients pass their stones spontaneously, though

reported rates of stone passage vary widely. Stothers et al
reported an 84% spontaneous passage rate among preg-
nant women with confirmed stones.5 Parulkar et al
described a spontaneous passage rate of 64%.19 In con-
trast, Burgess et al reported a stone passage rate of only
48%; however, nearly a quarter of patients in their study
did not have imaging-confirmed stones.12 Hoscan et al
have reported spontaneous passage rates as low as 23%.21

However, stone location, size, and use of medical expul-
sive therapy (MET) was not clearly reported in these
studies.
Regardless, expectant management must be considered

carefully. Febrile infections during pregnancy are particu-
larly serious, given altered cell-mediated immunity;
patients without overt signs of infection initially may
progress to more serious infection with conservative man-
agement. In cases where initial urinalysis or presentation
is equivocal for infection, observation with antibiotic
therapy has been practiced, without reports of maternal
mortality.5,6,19 Up to 17% of women admitted for nephro-
lithiasis and renal colic have concomitant pyelonephritis,
48
but the true rate of progression to febrile infection during
a trial of conservative management remains unknown.18

Pregnancy also influences medication use in expectant
management. Nonsteroidal anti-inflammatory and
codeine-containing medications should be avoided in
pregnancy due to teratogenic effects.4,14 If antibiotics are
administered, a limited number of options exist that are
safe in pregnancy, such as penicillins, cephalosporins, and
erythromycin. Aminoglycosides, tetracycline, chloram-
phenicol, fluoroquinolones, and sulfa antibiotics are con-
traindicated in pregnancy.14

Medical Expulsive Therapy
The role of MET for nephrolithiasis in pregnancy is poorly
studied. Use of alpha-blockers for MET in the general
population is “off-label,” and there are additional safety
and effectiveness considerations to discuss with the preg-
nant patient.4 Alpha-1 selective antagonists and calcium
channel blockers have shown either no fetal risk in animal
studies, or adverse effects in animal studies that have not
been observed in controlled first-trimester human studies
(Category B). Thus, these are considered reasonable for
use among pregnant women if deemed clinically
necessary.34

To date, only 2 retrospective single-institution studies
have examined the safety and efficacy of MET with alpha-
blockers in the setting of pregnancy. Bailey et al evaluated
27 pregnant women who received tamsulosin as part of
expectant management (median duration 3 days, range 1-
110 days). Delivery occurred at a mean gestational age of
38.1 weeks (SD 2.4 weeks) with preterm birth in 22%,
though no spontaneous abortions, intrauterine demise, or
congenital anomalies were reported.34 A retrospective
study of 207 pregnant women with renal colic showed no
significant difference in spontaneous stone passage rate
between 69 patients receiving tamsulosin and 138 con-
trols (79 vs 75%, respectively), despite similar stone sizes
and locations. Additionally, there were no differences
between groups in mean gestational age, birth weight,
Appearance, Pulse, Grimace, Activity, and Respiration
scores, length of hospital stay, or need for intervention.35

Among urologists, self-reported use of alpha-blocker
therapy in pregnant women is significantly less than for
non-pregnant patients (44% vs 98%).36 The most com-
mon reason cited for not using alpha-blockers is fear of
legal risk (53%), followed by safety concerns (24%).36

More evidence is needed to understand use of alpha
blockers in pregnant women to assuage these medicolegal
and safety concerns.

Intervention
Indications for Intervention. Indications for intervention
among pregnant patients include intractable symptoms
(eg, uncontrolled pain, nausea, vomiting), obstructing
stone with infection, progressive hydronephrosis, obstruc-
tion of a solitary kidney or bilateral ureteral obstruction,
or severe hydronephrosis indicating high-grade obstruc-
tion; additionally, obstetric complications such as
UROLOGY 151, 2021



preterm labor or pre-eclampsia may also prompt
intervention.5,14,15 Though most patients can be managed
conservatively, 26%-30% of symptomatic patients ulti-
mately require acute intervention.10,12,18 Rates of preterm
labor for those requiring intervention are nearly triple
those managed conservatively (14% vs 5%).26 Ultimately,
consideration of mode of intervention requires shared
decision making with the patient, and multidisciplinary
collaboration with experienced obstetricians, urologists,
and anesthesiologists.
Percutaneous Nephrostomy Tube. Temporization with
nephrostomy tube placement has been successfully used in
the pregnant stone patient. To minimize fetal and mater-
nal risk, nephrostomy tube placement may be performed
under US guidance with minimal anesthesia, if local inter-
ventional radiology availability and expertise allow. How-
ever, tube revision is common, and frequent exchanges
(every 4-6 weeks) are recommended due to high risk of
calcification or occlusion in this population.4,14,15 As
many as 45%-80% of women who receive nephrostomy
tubes for initial management of their stones require subse-
quent tube manipulation or exchange for occlusion or dis-
lodgement, with up to 1-3 exchanges required per
patient.37,38 The rate of septic complications approaches
12.5%, and preterm delivery has been reported in up to
25% in small case series.37,38 Following initial placement,
spontaneous stone passage has been reported in 13%-
16%.37,38
Ureteral Stent. Ureteral stenting is an alternative to per-
cutaneous nephrostomy tube placement when acute inter-
vention is indicated.20,21 To minimize maternal and fetal
risk, stents may be placed under general anesthesia, moni-
tored anesthesia care, or spinal anesthesia, and with US-
guidance and minimal to no fluoroscopy.39 Rates of stent
placement complications during pregnancy are as high as
16%, and include stent migration, stent removal for stent
intolerance, stent failure, and preterm labor.5 Stent tolera-
tion is poorly understood, and 42%-47% of pregnant
women who receive ureteral stents ultimately undergo
early induction due to poor pain control related to stent
placement.12,40 Moreover, labor within 24 hours of stent
placement has been described in as many as 11% of
patients.12

Arguably the biggest concern for ureteral stents dur-
ing pregnancy is encrustation. Frequent stent exchanges
are recommended at least every 4-6 weeks, and careful
patient counseling is critical to avoid the management
challenges of encrusted stents in this population.15 The
risk of multiple anesthetic exposures for stent exchanges
is also pertinent due to concerns regarding the potential
effect of anesthetics on the developing fetus.40 Rivera et
al demonstrated that 40% of women initially managed
with stents required multiple stent exchanges, with a
median of 1.47 anesthetic exposures during the preg-
nancy (IQR 1-3).40
UROLOGY 151, 2021
Ureteroscopy
In recent years, as endoscopic technology and technique
have improved, there has been a shift toward initial stone
treatment with ureteroscopy. In many cases, definitive treat-
ment obviates the need for multiple procedures. Stone-free
rates are 73%-100% among those treated endoscopically
with lithotripsy or basketing.14,26,41-46 The recommended
timing of non-obstetric surgery by ACOG is during the sec-
ond trimester, as this minimizes the risk to fetal develop-
ment during the first trimester and the risk of preterm labor
associated with surgical procedures during the third trimes-
ter.45 Nonetheless, ureteroscopy has been successfully per-
formed in both the first and third trimesters.22,47

Measures to minimize anesthetic and radiation exposure
have been described to further minimize risk to mother and
fetus. Though typically performed under general anesthesia,
ureteroscopy can be performed under local or spinal
anesthesia.14,44,45 If possible, general anesthetic use should
be minimized during the critical period of fetal neural synap-
togenesis during the third trimester and beyond, with a
recent FDA warning regarding fetal anesthetic exposures
during this time.48 US-only techniques have also been
reported, though used in less than a quarter of cases.45

When fluoroscopy is used, radiation-minimizing strategies
should be employed, including selective use for critical por-
tions of the procedure, low-dose and pulsed settings, cone-
beam imaging, and pelvic shielding.40 When pelvic shield-
ing is used, the C-arm should be set to manual exposure
mode; leaving this on automatic brightness control may
actually result in increased delivered radiation, as exposures
are automatically increased in attempt to penetrate through
the shielding lead.

Evidence regarding the risks and outcomes of uretero-
scopy remains limited, with most cases reported by tertiary
care centers. A meta-analysis by Semins et al examined
ureteroscopy complications among pregnant women and
determined an overall 8% complication rate.46 Of these,
1.8% were classified as Clavien I complications, 5.5%
were classified as Clavien II complications, and 0.9% were
classified as Clavien III complications (1 case of ureteral
perforation managed with ureteral stent). Notably, there
was no difference in UTI or ureteral injury rates between
pregnant women and the published AUA/EAU rates for
ureteroscopy.46 Obstetric complications following uretero-
scopy are also low, with a preterm labor rate of 4%.45

Reported cases of preterm labor following ureteroscopy
occurred during the third trimester, and were not
associated with general anesthesia or duration of stone
treatment.

Compared to temporizing ureteral stent placement, ure-
teroscopy does not appear to have a longer mean anes-
thetic or fluoroscopy time; moreover, it is associated with
a lower rate of induced preterm labor.40 Decision-analytic
models comparing ureteroscopy to serial stent exchanges
every 4 weeks also support ureteroscopy as a more cost-
effective management strategy at all gestational ages.49

Though literature regarding the outcomes of ureteroscopy
in pregnancy remains sparse, reported experiences provide
49



Figure 1. Proposed management algorithm for symptomatic nephrolithiasis in the pregnant patient.
evidence for the feasibility, safety, and efficacy of this
approach in experienced hands.4

Other Treatment Considerations. Though percutaneous
nephrolithotomy and shockwave lithotripsy (SWL) have
50
been successfully performed in the pregnant patient, these
treatment approaches are not recommended in preg-
nancy.4,14 Though successful birth has been reported fol-
lowing inadvertent SWL in unrecognized pregnancy,
SWL is contraindicated in pregnancy, with associated
UROLOGY 151, 2021



risks of miscarriage, congenital malformation, intrauterine
growth retardation, placental disruption, and fetal
demise.4,14,15 Percutaneous nephrolithotomy remains a
high-risk procedure for the pregnant woman due to prone
positioning, general anesthesia requirement, and radiation
exposure with traditional fluoroscopy-based techniques.
Based on the current literature, we therefore propose a

management algorithm for nephrolithiasis in pregnancy
(Fig. 1). Care for these patients must involve shared deci-
sion making and a multi-disciplinary approach with
obstetrics, radiology, and anesthesia and urology to ensure
optimal care in the context of the clinical scenario and
patient preferences. Moreover, specific discussion with the
patient regarding diagnostic and treatment risks, as well as
anticipated outcomes, should be provided at each step.

Follow Up
Patients who do not pass their stones during pregnancy
warrant close post-partum urologic follow-up for re-
imaging and discussion regarding appropriate stone man-
agement. When stones are either passed or treated, close
follow-up remains warranted to ensure resolution of
hydronephrosis and provide counseling on stone preven-
tion strategies, as parity remains a significant risk factor for
future stone formation.12,50 However, even within this
population, an individualized, risk-adapted strategy for
stone prevention should be considered. Prior stone history
and stone composition during pregnancy (eg, calcium
phosphate vs calcium oxalate) may help determine which
patients may be inherently at higher risk for stone forma-
tion and recurrence in the non-pregnant state, and thus
benefit most from further prevention work-up with 24-
hour urine studies and longer term follow up.
CONCLUSIONS
Nephrolithiasis in pregnancy presents a complex clinical
scenario requiring engagement between the patient, urol-
ogists, obstetricians, radiologists, and anesthesiologists.
Careful and frequent re-assessment of maternal and fetal
well-being, as well as consideration of the risks and bene-
fits of any diagnostic study or intervention is critical. Clin-
ical decisions must be individualized with attention to
patient preferences, values, and risk perception.
US is the initial imaging modality of choice. Features

such as an elevated RI and absence of ureteral jet can be
used to help the astute clinician in stone diagnosis. Trans-
vaginal ultrasound may be helpful in identifying distal ure-
teral stones but requires additional resources and
sonographer experience. In selected cases use of MRI or
low-dose CT may be appropriate. Conservative manage-
ment and supportive care are appropriate for most
patients; experience with alpha-blocker therapy in this
setting remains limited. When intervention is necessary,
temporary drainage with percutaneous nephrostomy tube
or ureteral stent placement may be considered with fre-
quent exchanges. Additionally, mounting evidence sup-
ports the safety and efficacy of ureteroscopy and primary
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treatment of the stone, particularly in the second trimes-
ter. However, more well-powered studies using standard-
ized diagnostic and outcome metrics are needed to better
delineate outcomes, as well as to elucidate the risks and
benefits of specific stone management approaches in preg-
nant women. Further research in this area may improve
quality of care delivery for this population.
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EDITORIAL COMMENT
Management of urologic conditions in pregnancy can be quite
challenging for both the patient and the physician. As the
authors suggest in this excellent review, we are essentially “treat-
ing for two”; but beyond this we are also more limited in our
diagnostic and treatment options during pregnancy. One key
take home message is the importance of pursuing further imaging
when ultrasound is equivocal. Whether that be with magnetic
resonance urography or low dose computed tomography, addi-
tional imaging permits a definitive diagnosis and risk stratifica-
tion. In selection of the most appropriate diagnostic imaging
modality, a multidisciplinary discussion with Obstetrics and
Radiology is quite valuable. The goal remains as low as reason-
ably achievable. Any radiation exposure from diagnostic imaging
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and/or therapeutic treatment (eg, intraoperative fluoroscopy)
must be documented in the electronic medical record.

Over the past decade, there has been increasing utilization of
ureteroscopy for endoscopic stone treatment during pregnancy,
particularly in the second trimester in order to minimize the risk
to fetal development (first trimester) and the risk of preterm
labor (third trimester). Decision-analytical modeling has sug-
gested ureteroscopy is more cost effective then temporizing ure-
teral stent placement.1 However, in the era of COVID 19, the
potential benefits of definitive management cannot be under-
stated. Limiting exposure for the mother and baby is paramount.
Again, the value of a multidisciplinary approach and shared
decision making (SDM) is readily apparent.

While SDM has become an almost clich�e term in medicine, I
cannot think of another clinical scenario where SDM is more
important than the pregnant patient with a stone. SDM is “an
approach where clinicians and patients share the best available
evidence when faced with the task of making decisions, and
where patients are supported to consider options, to achieve
informed preferences.”2 In the symptomatic pregnant patient,
SDM is imperative in selection of imaging modality, pain man-
agement, and stone treatment. The risks and benefits must be
considered for both the mother and baby.
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One question that remains unanswered is how proactive we
should be in treating asymptomatic stones in our kidney stone
patients of child-bearing age? While many pregnancies are
unplanned, there are clearly clinical scenarios in which stone
formation during pregnancy is predictable and may lead to com-
plications such as the patient with cystinuria. In these high-risk
patients and/or those with larger stones, I generally favor getting
them stone free before a planned pregnancy to decrease the risk
of a stone event.

Nicole L. Miller, Vanderbilt University Medical Center,
Nashville, TN
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