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INTRODUCTION

Epidemiology

ABSTRACT

Background. Urinary lithiasis is a prevalent and recurring condition in male and
female patients and in all age groups. It is the most common cause of abdom-
inal pain of urologic origin during pregnancy. Urinary lithiasis is the primary
non-obstetric cause of hospitalization among pregnant patients. Approximately
one out of every 200 to 1,500 pregnant women experience renal colic secondary
to lithiasis.

Objective. This study provides a critical review of the pathophysiological, diag-
nostic and therapeutic particularities of this condition based on the best and most
recent evidence.

Materials and Methods. A review of literature was carried out for all English
language literature. Clinical studies were identified in the bibliographic database
such as PubMed (Medline), Ovid and eMedicine (WebMD) using the keywords:
hydronephrosis, urolithiasis, kidney stone, urinary tract infection, pregnancy
and ultrasound, incidence and epidemiology of renal stones

Conclusions. Diagnostic methods are of particular interest due to maternal and
fetal exposure to radiation. Therapy should also be tailored to specific phases of
gestation. Physicians must be aware of appropriate approaches to urinary lithi-
asis in pregnancy to provide safe treatment for patients, with minimal maternal
and fetal impacts.

to the disease [6-8]. Improved quality of radiologi-
cal examinations and higher frequency of medical
check-ups may also have contributed to the identi-
fication of previously underdiagnosed calculi.

Urinary lithiasis has been described in male and fe-
male patients in all age groups, and is thought to
affect up to 15% of global population, depending
on geographical location [1-3]. The number of cases
of renal colic and related hospital admissions has
increased significantly in the last few years [4, 5].
Growing prevalence of urinary lithiasis may reflect
poor dietary habits (increased protein and salt in-
take) or obesity, which increases the predisposition

The growing number of cases of urinary lithiasis
among women has not been particularly associated
with pregnancy [9]. Nonetheless, renal calculi may
affect up to 1 out of every 200 pregnant women,
with one symptomatic case out of every 3,300 preg-
nancies [10, 11]. Urinary lithiasis is more common
in the second and third trimesters of pregnancy,
although complications and symptoms have been
more often described in the last months [12, 13].

Copyright 2022




Ital | Gynaecol Obstet 2022, 34, N.2

Pathophysiology of lithiasis in pregnancy

As in the population at large, family history of lithi-
asis, low fluid intake, obesity, diabetes and diets rich
in sodium and red meat are important risk factors
for lithogenesis, whereas appropriate hydration and
intake of citrate and phytate are protective [14].
Several pregnancy-related anatomical and physi-
ological genitourinary changes, especially urinary
stasis in response to maternal hydronephrosis and
changes in lithogenic factors, may impact stone
formation [15].

During pregnancy, the kidneys are displaced crani-
ally by the fetus and increase approximately 1 cm
in size, due to enhanced vascularization and inter-
stitial space enlargement [16].

Maternal hydronephrosis affects 90% of pregnant
women [17]. Hydronephrosis signs and symptoms
may interfere with appropriate diagnosis of ob-
structing ureteral lithiasis [18]. Hormone changes,
such as higher serum progesterone levels, induce
smooth muscle relaxation and decrease ureteral
peristalsis, facilitating ureteral dilation. Mechanic
factors, such as ureteral compression by the preg-
nant uterus, particularly on the right side [17], also
contribute to this physiologic condition of preg-
nancy. Urinary tract dilation leads to urinary stasis,
facilitating crystallization and calculus formation.
Maternal changes in lithogenic factors involve a di-
chotomy. On the one hand, hemodynamic chang-
es increase filtration of calcium, sodium and uric
acid [19], leading to hypercalciuria. Together, hy-
percalciuria and enhanced intestinal absorption
of calcium due to higher placental production of
1.25-(OH)2 vitamin D, increase the odds of cal-
culus formation. On the other hand, significantly
higher urinary pH interferes with renal excretion
of citrate, magnesium, uromodulins, nephrocalcin
and glycoproteins, which inhibit urinary crystalli-
zation and hence calculus formation [12, 16, 20].
According to most studies, the composition of cal-
culi affecting pregnant and non-pregnant women
is similar. Still, Ross et al. reported higher preva-
lence of calcium phosphate (hydroxipatyte) calculi
during pregnancy (74% and 26%, calcium phos-
phate and calcium oxalate calculi, respectively)
[17]. This is thought to reflect hypercalciuria and
higher urinary pH during pregnancy, with resul-
tant urinary supersaturation for brushite and for-
mation of calcium phosphate calculi [12,21]. In
pregnant women, lithogenesis clearly has peculiar,
pregnancy-related characteristics.
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METHODS

A review of literature was carried out for all En-
glish language literature. We consulted interna-
tional databases such as PubMed (Medline), Ovid
and eMedicine (WebMD), Cochrane Database of
Systematic Reviews and Scielo, with the follow-
ing terms and their combinations: hydronephrosis,
urolithiasis, kidney stone, urinary tract infection,
pregnancy and ultrasound, incidence and epidemi-
ology of renal stones. We included all available arti-
cle published until 2020 in English, with priority for
articles after the year 2000, inclusive systematic re-
views, meta-analyzes and randomized clinical tri-
als, opinion of experts and editorials. We found 153
records from the preliminary bibliographic search.
After the elimination of duplicates and after the ex-
cluding the works that were manifestly irrelevant,
we carefully examined the 96 most recent or signif-
icant papers as it appears below. Exclusion criteria
included: articles published in other languages, ex-
cluded English language; non-medical articles.

DIAGNOSTIC INVESTIGATION
Clinical and laboratory investigation

The physiologic, pregnancy-related ureteral dilation
may facilitate the migration of renal calculi, lead-
ing to ureteral obstruction and renal colic [21]. In
patients with urinary tract dilation, ureterolithiasis
must be distinguished from physiologic hydrone-
phrosis and/ or pyelonephritis, which may occur in
isolation or result from the first two conditions [22].
Affected patients often present with flank or ab-
dominal pain (85%), microscopic or macroscopic he-
maturia (95% and 20%, respectively), pyuria (42%),
and worsening of lower urinary tract symptoms [23,
24]. However, flank pain and microscopic hematu-
ria may occur during normal pregnancy. Therefore
typical clinical signs and symptoms of urolithiasis
may be misleading in pregnant women [25, 26].

An estimated 28% of pregnant women with uri-
nary calculi are incorrectly diagnosed as appen-
dicitis, early placental abruption, or diverticulitis,
due to diagnostic difficulties [24].

Ancillary laboratory tests may contribute relevant
diagnostic information. Serum creatinine levels,
complete blood count and C-reactive protein are
particularly important for kidney function assess-
ment and investigation of systemic infections [13].
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Imaging

Radiologic examinations may have negative im-
pacts on fetal development. Therefore, careful
cost-benefit analysis should precede the use of such
diagnostic modalities. Gestational age, level of radi-
ation emission associated to the selected radiolog-
ic modality, and exposure to intravenous contrast
agents must be accounted for, among other factors.
The American Urological Association (AUA), the
European Association of Urology (EAU) and the
American College of Radiology (ACR) recommend
ultrasonography (USG) as the first-line imaging
modality in pregnant patients [27, 28] to protect the
fetus against teratogenic risks associated with radi-
ation exposure [10, 29]. However, in spite of high
specificity (90%), the sensitivity of this method for
ureterolithiasis diagnosis is rather low (11-24%) [30].
In USG, calculi appear as echogenic foci with posteri-
or acoustic shadowing, often associated with ureteral
dilation [31]. Several measures have been proposed
in an effort to improve the diagnostic accuracy of
USG, such as investigation of intravesical ureteral
jets, transvaginal sonography and renal arterial resis-
tance index (RI) measurement using Doppler US [15].
Shokeir et al. have shown that RI does not change in
response to physiologic hydronephrosis. In contrast,
Rl increases significantly in cases of dilation induced
by acute ureteral obstruction. Hence, RI measure-
ment may contribute to diagnostic accuracy in preg-
nant women with suspected urolithiasis [32].
Transvaginal USG may also enhance diagnostic sen-
sitivity for detection of distal ureteral calculi, and dif-
ferentiation between ureteral obstruction and physio-
logical hydronephrosis. However, limited availability,
logistic issues and need of an experienced examiner
may preclude widespread use of USG [31, 33].
Magnetic resonance imaging (MRI) is an alterna-
tive to computed tomography in cases with incon-
clusive USG findings, since indirect signs sugges-
tive of calculi, such as ureteritis, incomplete filling
of the ureteral lumen and perinephric leakage or
edema can be detected on MRI [34].

According to the AUA and the EAU, MRI should
be the second line-imaging modality in pregnant
patients [27]. Use of gadolinium is indicated for en-
hanced visualization in most cases. Teratogenic ef-
fects of this contrast agent have been demonstrated
in animal but not in human studies. For this reason,
the American College of Obstetricians and Gyne-
cologists (ACOG) still recommends gadolinium-en-
hanced imaging in cases in which benefits clearly
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outweigh potential risks [35]. Magnetic resonance
imaging also allows the investigation of non-uro-
logical conditions with similar symptoms [15].

In spite of slightly higher predictive value for uro-
lithiasis diagnosis in pregnant women (80% versus
77%, for MRI and USG, respectively), the cost-bene-
fit relation does not support widespread use of MRI
[33]. Anew MR urography protocol using Half-Fou-
rier Single Shot Turbo Spin-Echo (HASTE) has been
developed to improve the diagnostic accuracy of
MRI and good results have been reported. In a pro-
spective study conducted by Regan et al., MRI was
as accurate as unenhanced helical CT in detecting
acute obstruction by ureteral calculi and more accu-
rate than CT in detecting signs suggestive of obstruc-
tion, such as perinephric fluid collection [36, 37].
Computed tomography (CT) is the imaging modal-
ity of choice for investigation of lithiasis in the gen-
eral population. This method should be avoided in
pregnant patients, particularly in the first trimester
of pregnancy, due to high radiation emission and
potential teratogenic effects [38]. The different ra-
diations emitted by the imaging methods are sum-
marized according to Table 1. However, according
to the ACOG, radiation doses smaller than 50 mGy
(< 5 rad) are not associated with fetal anomalies or
pregnancy loss [39]. Subtle effects may result from
early exposure to radiation doses between 50 mGy
and 100 mGy (5-10 rad). Doses higher than 100
mGy (> 10 rad) are associated with risk of sponta-
neous abortion and fetal malformations in women
with gestational age of more than 3 weeks [18].
Low-dose and ultra-low-dose CT [33] (< 3.5 mSv
and < 1.9 mSy, respectively) are feasible diagnostic
alternatives. In theory, such low doses allow safe use
of this imaging modality in pregnancy, in spite of
theoretical concerns regarding stochastic effects, in-
cluding late hematologic malignancy [29, 33]. High
sensitivity and specificity (> 96%) and positive pre-
dictive value (up to 99%) have been reported in stud-
ies investigating the use of low-dose CT for urinary
lithiasis diagnosis in non-pregnant individuals [18].
The 2017 ACOG consensus supports the use of CT
in selected cases, or when USG and MRI are not
readily available, based on the premise that typi-
cal CT radiation doses fall below exposure levels
associated with fetal harm [40]. In line with ACOG
guidelines, the AUA recommends low-dose (< 5
mGy) CT assessment of women in the second or
third trimester of gestation in cases with inconclu-
sive USG findings. Figure 1 provides a suggestion
for diagnostic investigation.
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MANAGEMENT: RISKS AND
PARTICULARITIES

Clinical management

In obstetric patients, the lesser the medical or sur-
gical intervention, the lower the risk of maternal
and fetal harm. Whenever possible, conservative
management should be the first line of treatment
for urinary lithiasis. Upper urinary tract calculi
smaller than 10 mm tend to be spontaneously elim-
inated in 70% to 80% of pregnant patients. Preg-
nancy-related physiological changes, such as high-
er glomerular filtration rate and hydronephrosis,
translate into higher rates of spontaneous elimina-

Table 1. Radiation doses from different radiologic imaging modalities [33].

Imaging study Radiation Dose (mGy)

usG 0
Intravenous pyelogram 1.7-10
X Ray 14-42
CT (Conventional) 8-49
CT (Low-dose) <7

Suspected ureteral lithiasis in
prenatal USG

Asymptomatic

v
Lack of urinary
complications**

A

y
Repeat USG+
Laboratory within
3 months

+

Ultrassonography

No calculi

Magnetic Resonance
Imaging

No calculi

Low-dose
computed

tomography

Figure 1. Diagnostic investigation of ureteral lithiasis in pregnant patients.

*Symptomatic: flank or abdominal pain, microscopic or macroscopic hematuria,
pyuria, and worsening of lower urinary tract symptoms; **Complications:
deterioration of kidney function, signs of infection, high renal arterial resistance
index (Doppler US), absence of intravesical ureteral jets; *** Laboratory: Complete
Blood Count, Sodium, Potassium, Urea, Creatinine, Urinalysis, Urine culture.
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tion in pregnant relative to non-pregnant women
(81% versus 47%, respectively) [12, 21, 23].
However, other conditions requiring immediate in-
tervention must be ruled out prior to selection of a
watchful waiting approach. These conditions include
urinary tract infection due to obstruction by calculi,
intractable pain in spite of clinical management and
intense analgesia, acute kidney failure in response to
bilateral obstruction, pregnant patients with solitary
kidney, and increased frequency of early uterine con-
tractions [13]. Retrospective studies demonstrated
renal colic and related complications have been as-
sociated with higher risk of prematurity, premature
rupture of membranes, low birth weight, preeclamp-
sia, preterm labor, and infant mortality [35].

The selection of medications for conservative man-
agement of ureteral lithiasis is based on two pil-
lars: pain management and expulsive therapy.

In pregnant patients, appropriate analgesia must
be guided by pain intensity. Oral analgesics, such
as paracetamol with codeine, hydrocodone or oxy-
codone, should be offered first. Non-steroidal an-
ti-inflammatory drugs - the first line of treatment
in non-pregnant women - should be avoided due
to potential fetal adverse events [17]. Patients
should also receive appropriate fluid therapy and
antiemetics, as needed [35].

Alpha-1 blockers are the most commonly used
agents in expulsive therapy. These drugs have been
originally developed for benign prostate hyperpla-
sia and are used off-label to inhibit ureteral smooth
muscle contraction, to facilitate the passage of cal-
culi into the bladder [41-43]. The fact that this drug
has not been formally approved for use in preg-
nant women by the Food and Drug Administra-
tion (FDA) (Category B) must be emphasized [44].
Successful elimination of calculi following admin-
istration of tamsulosin has been reported, with no
negative impacts on APGAR scores and mean birth
weight [45]. However, in a study conducted by
Mervak et al., in 2019, short-term use of tamsolusin
in the second and third trimesters of pregnancy was
not effective in eliminating ureteral calculi. More-
over, fetal safety concerns regarding of off-label use
of this drug during pregnancy have been raised.

In the past, calcium channel blockers were used
in expulsive therapy in cases of ureteral lithiasis.
However, with the advent of alpha-blockers, these
drugs are no longer indicated. Calcium channel
blockers are thought to be safe in pregnancy and
have been approved by regulatory agencies, such
as the FDA, for treatment of gestational hyperten-
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sion and preterm labor [10]. Hence, these drugs
may be a safe alternative to alpha-blockers.
Pregnant women with symptomatic urolithiasis
carry a significant risk of secondary urinary infec-
tion, which occurs in 52.4% of cases [13]. In cases
with urinalysis or clinical findings suggestive of in-
fection, successful management with antimicrobials
and appropriate patient follow-up is often indicated,
and maternal mortality has not been reported [11].
The range of safe antimicrobials for use in pregnan-
cy is limited and include penicillins, cephalosporins
and erythromycin, whereas aminoglycosides, tet-
racycline, chloramphenicol, fluoroquinolones, and
sulfonamides are contraindicated [46].

Surgical management

Surgical management during pregnancy raises ma-
ternal and fetal vitality concerns due to surgery-
and anesthesia-related morbidity. Still, surgical
intervention should be immediately indicated in
special cases of ureteral lithiasis with intractable
pain, signs of infection, kidney function impair-
ment, solitary kidney, unsuccessful watchful wait-
ing, persistent vomiting, calculi larger than 1 cm,
bilateral obstruction or obstetric complications [10].
In such cases, interventional treatment of urinary
lithiasis is an emergency surgical procedure. Dou-
ble-J catheter insertion and percutaneous nephros-
tomy are equally effective for alleviation of ureteral
obstruction [17, 47]. However, high rates of incrus-
tation have been reported following insertion of
double-J catheters during pregnancy, possibly due
to excessive urinary excretion of phosphate and cal-
cium oxalate [48]. Hence, these catheters should be
replaced every 4 to 6 weeks to prevent obstruction
and calcification [49]. Strategies aimed to prevent
high calcification rates have been investigated. In a
clinical study by Takahashi ef al., lower incrustation
rates have been reported following short-term use
of the Tria Ureteral Stent with PercuShield and the
Polaris Ultra Ureteral Stent with HydroPlus. These
catheters share a similar anti-incrustation strategy
consisting of hydrogel coating of stent surfaces. Hy-
drogel-coated surfaces accumulate water in their
polymeric network, and act as a superficial protec-
tion against hydrophobic bacteria and crystal depo-
sition [50]. In spite of promising short-term results,
longer and more detailed studies are warranted.

Nephrostomy is an uncomfortable urinary diver-
sion procedure with greater morbidity. However,
this intervention promotes prompt alleviation of
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the obstruction without catheter manipulation,
and is therefore beneficial in cases associated with
urinary infection [15].

Need of double-] catheter replacement and tran-
sient desobstruction (i.e., need of a second surgical
intervention for calculus removal) are inconve-
nient for pregnant patients. Technical and material
advancements in endurology led to safe and effec-
tive resolution of ureteral lithiasis using ureteros-
copy. Stone-free success rates ranging from 73% to
100%, with no need of multiple procedures, have
been reported [25, 46]. As per ACOG guidelines,
ureteroscopy should be performed in the second
trimester of pregnancy to prevent fetal develop-
ment compromise in the first trimester, and the risk
of preterm birth in the third.

Ureteroscopy does not seem to require longer anes-
thesia and fluoroscopy time relative to double-J cath-
eter insertion, and is associated with low rates of in-
duced preterm labor [51]. Given the high incrustation
rates and the need to replace catheters every 4 weeks,
ureteroscopy may be a more economical therapeutic
alternative across all gestational ages [52]. Shu-Tao
Tan et al. demonstrated maternal-fetal safety and a
success rate in the treatment of stones with ureteros-
copy of 87%. This makes us evaluate this procedure
as a great alternative for the treatment of ureteral
stones in pregnancy [53]. Despite the paucity of lit-
erature addressing the outcomes of ureteroscopy in
pregnancy, the procedure is thought to be feasible,
safe and effective in experienced hands [54].
Extra-corporeal lithotripsy (ECL) and percutane-
ous nephrolithotripsy (PCNL) are widely used to
treat urinary lithiasis in the population at large.
However, these methods are contraindicated in
pregnant patients. Shock waves used in ECL are
associated with higher risk of abortion and early
placental abruption [55]. Need of general anesthe-
sia, use of fluoroscopy and difficulties associated
with patient positioning justify the contraindica-
tion of PCNL in pregnant patients [48].

Lead aprons, proper fluoroscope positioning, low-
dose settings and beam collimation may be used to
minimize radiation-related concerns in endurological
interventions [15]. Procedures may even be performed
under ultrasound guidance (i.e., without fluoroscopy)
if needed. The follow-the-wire technique is a recent
therapeutic alternative. In this method, two guide
wires are used for appropriate ureteroscope introduc-
tion. High success rates (88%) and only two compli-
cations have been reported in a recent meta-analysis
evaluating 116 follow-the-wire procedures [56, 57].




Ital | Gynaecol Obstet 2022, 34, N.2

With the paradigm shift surrounding surgical man-
agement of ureteral lithiasis in mind, Semins et al.
conducted a study aimed to establish criteria for
definitive ureteroscopic treatment. In cases amena-
ble to interventional management, ureteroscopy is
preferable to ureteral stenting, with the exception
of patients presenting with fever, infection, multi-
ple and/or bilateral calculi, pregnancy complica-
tions or anatomical changes, or patients in the first
or end of third trimester of pregnancy [10].
Ureteroscopy allows definitive resolution of ureter-
al lithiasis, carries a lower risk of maternal and fetal
complications and is cheaper than double-J catheter
insertion, since it does not require multiple inter-
ventions [10].

Ideally, surgical interventions should be carried
out in the second trimester, since anesthetic and
surgical procedures may cause fetal malformations
in the first trimester, or induce preterm birth in the
third trimester. However, ideal intervention timing
is not always possible.

Nitrous oxide should be avoided and regional an-
esthesia selected to minimize anesthetic risks [13].
Prophylactic use of tocolytics is recommended in
women beyond 20 weeks of gestation. Fetal heart

Ureteral calculus in
pregnat patient
diagnosed using

imaging modalities

!

Symptomatic
(difficult to control
or special
situations*)

Asymptomatic,
no special
situations*

v v

Watchful
waiting**

Radiologic follow up

Surgical
management

Double-J
catheter***

| 1

Failure

Ureteroscopy ’

- Complications*
- No elimination over more than l

4 weeks
Nephrostomy

- Pain
Figure 2. Management of lithiasis during pregnancy.

*Special situations: intractable pain, signs of infection, kidney function impairment,
solitary kidney, failure in watchful waiting, persistent vomiting, calculi larger than 1

cm, bilateral obstruction, obstetric complications; **Watchful waiting: analgesia + fluid
therapy + calcium channel blockers (optional); ***Perform urinary diversion if: fever/
infection, multiple and/or bilateral calculi, pregnancy complications, first trimester,
anatomical changes, and end of third trimester.
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rate and uterine activity should be monitored over
the course of the perioperative period [13].

CONCLUSIONS

Urinary lithiasis is a common condition in obstetric
patients. Yet, diagnostic and therapeutic approach-
es remain challenging. Ultrasonography is the di-
agnostic imaging modality of choice. Doppler US,
ureterovesical flow assessment and transvaginal
US may be used for optimal outcomes.

Magnetic resonance imaging is the next diagnostic al-
ternative in cases of USG failure. Low-dose CT may be
indicated. However, more studies are needed to sup-
port the safety of this procedure during pregnancy.
Well-established endurologic techniques are asso-
ciated with maternal and fetal safety concerns in
the obstetric population. Watchful waiting is the
therapeutic approach of choice. Literature address-
ing medical expulsion therapy with alpha-blockers
is scarce. Hence, this therapeutic approach may be
risky in pregnant patients due to lack of scientific
evidence and pharmacological safety criteria. In
contrast, calcium channel blockers are widely used
in obstetric patients to control gestational disor-
ders. These drugs have a good maternal and fetal
safety profile and may be a safe alternative, despite
the paucity of scientific evidence of its efficiency.
Given the risk of fetal complications, surgical
management, whenever indicated, should be car-
ried out as early as possible. Desobstruction via
percutaneous nephrostomy or double-] catheter
insertion are effective palliative treatment alterna-
tives. Need of catheter replacement every 4 weeks
due to incrustation has led to the development of
catheters with lower calcification risks, as well as
to wider indication of interventional approaches,
such as ureteroscopy for immediate case resolution
(Figure 2).

COMPLIANCE WITH ETHICAL STANDARDS

Authors contribution

Each author gave a substantial contribution or the
preparation of the manuscript.

Funding

None.

108




Update on approaches to urinary lithiasis in pregnancy

Study registration
N/A.
Disclosure of interests

The authors declare that they have no conflict of
interests.

Ethical approval
N/A.

Informed consent
N/A.

Data sharing

Data are available under reasonable request to the
corresponding author.

ACKNOWLEDGMENTS

We are grateful to the Department of Urology of
the Centro Universitdrio Saide ABC FMABC for
supporting this project.

REFERENCES

1. Scales CD Jr, Smith AC, Hanley JM, Saigal CS;
Urologic Diseases in America Project. Prevalence
of kidney stones in the United States. Eur Urol.
2012;62(1):160-5. doi: 10.1016/j.eururo.2012.03.052.

2. Stamatelou KK, Francis ME, Jones CA, Nyberg
LM, Curhan GC. Time trends in reported prev-
alence of kidney stones in the United States:
1976-1994. Kidney Int. 2003;63(5):1817-23. doi:
10.1046/j.1523-1755.2003.00917.x

3. Thongprayoon C, Krambeck AE, Rule AD. De-
termining the true burden of kidney stone dis-
ease. Nat Rev Nephrol. 2020;16(12):736-46. doi:
10.1038 /s41581-020-0320-7.

4. Lieske JC, Pefia de la Vega LS, Slezak JM, Berg-
stralh EJ, Leibson CL, Ho KL, et al. Renal stone
epidemiology in Rochester, Minnesota: an up-
date. Kidney Int. 2006;69(4):760-4. doi: 10.1038/
sj.ki.5000150.

5.  Strope SA, Wolf JS Jr, Hollenbeck BK. Changes
in gender distribution of urinary stone disease.

10.

11.

12.

13.

14.

15.

16.

17.

Pedro Augusto Soffner Cardoso, Antonio Corréa Lopes Neto

Urology. 2010;75(3):543-6, 546.e1. doi: 10.1016 /j.
urology.2009.08.007.

Nowfar S, Palazzi-Churas K, Chang DC, Sur RL.
The relationship of obesity and gender preva-
lence changes in United States inpatient neph-
rolithiasis. Urology. 2011;78(5):1029-33. doi:
10.1016/j.urology.2011.04.011.

Powell CR, Stoller ML, Schwartz BF, Kane
C, Gentle DL, Bruce JE, Leslie SW. Impact of
body weight on urinary electrolytes in urinary
stone formers. Urology. 2000;55(6):825-30. doi:
10.1016/s0090-4295(99)00617-2. Erratum in:
Urology 2000;56(2):352.

Ekeruo WO, Tan YH, Young MD, Dahm P, Ma-
loney ME, Mathias BJ, et al. Metabolic risk fac-
tors and the impact of medical therapy on the
management of nephrolithiasis in obese pa-
tients. J Urol. 2004;172(1):159-63. doi: 10.1097/01.
ju.0000128574.50588.97.

Riley JM, Dudley AG, Semins M]. Nephrolithi-
asis and pregnancy: has the incidence been ris-
ing? ] Endourol. 2014;28(3):383-6. doi: 10.1089/
end.2013.0570.

Semins MJ, Matlaga BR. Management of uro-
lithiasis in pregnancy. Int ] Womens Health.
2013;5:599-604. doi: 10.2147 /IJJWH.S51416.
Butler EL, Cox SM, Eberts EG, Cunningham
FG. Symptomatic nephrolithiasis complicating
pregnancy. Obstet Gynecol. 2000;96(5 Pt 1):753-
6. doi: 10.1016/s0029-7844(00)01017-6.

Meria P, Hadjadj H, Jungers P, Daudon M; Mem-
bers of the French Urological Association Uro-
lithiasis Committee. Stone formation and preg-
nancy: pathophysiological insights gained from
morphoconstitutional stone analysis. ] Urol.
2010;183(4):1412-6. doi: 10.1016 /j,juro.2009.12.016.
Korkes E Rauen EC, Heilberg IP. Urolithiasis and
pregnancy.] Bras Nefrol. 2014;36(3):389-95. English,
Portuguese. doi: 10.5935/0101-2800.20140055.
Knoll T. Epidemiology, Pathogenesis, and
Pathophysiology of Urolithiasis. Euro Urol
Suppl. 2010; 9(12):802-6. doi:10.1016/j.eur-
sup.2010.11.006.

Bjazevic J, Razvi H. Stones in pregnancy and
pediatrics. Asian ] Urol. 2018;5(4):223-34. doi:
10.1016/j.ajur.2018.05.006.

Hill CC, Pickinpaugh J. Physiologic changes in
pregnancy. Surg Clin North Am. 2008;88(2):391-
401, vii. doi: 10.1016/j.suc.2007.12.005.

Pedro RN, Das K, Buchholz N. Urolithiasis in
pregnancy. Int J Surg. 2016;36(Pt D):688-92. doi:
10.1016/.ijsu.2016.10.046.




Ital | Gynaecol Obstet 2022, 34, N.2

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Valovska MI, Pais VM Jr. Contemporary  30.

best practice urolithiasis in pregnancy. Ther
Adv Urol. 2018 TFeb 8;10(4):127-38. doi:
10.1177 /1756287218754765.

Swanson SK, Heilman RL, Eversman WG. Uri- 31.

nary tract stones in pregnancy. Surg Clin North
Am. 1995;75(1):123-42. doi: 10.1016/s0039-
6109(16)46539-4.

Ross AE, Handa S, Lingeman JE, Matlaga BR. Kid- ~ 32.

ney stones during pregnancy: an investigation
into stone composition. Urol Res. 2008;36(2):99-
102. doi: 10.1007 /$00240-008-0138-4.

Parulkar BG, Hopkins TB, Wollin MR, How- 33.

ard PJ Jr, Lal A. Renal colic during preg-
nancy: a case for conservative treatment. ]
Urol. 1998;159(2):365-8. doi: 10.1016/s0022-
5347(01)63918-1.

Resim S, Ekerbicer HC, Kiran G, Kilinc M. Are 34.

changes in urinary parameters during pregnan-
cy clinically significant? Urol Res. 2006;34(4):244-

8. doi: 10.1007 / s00240-006-0051-7. 35.

Biyani CS, Joyce AD. Urolithiasis in pregnancy.
I: pathophysiology, fetal considerations and di-
agnosis. BJU Int. 2002;89(8):811-8; quiz i-ii. doi:

10.1046/}.1464-410x.2002.02772.x. 36.

Stothers L, Lee LM. Renal colic in pregnancy.
J Urol. 1992;148(5):1383-7. doi: 10.1016/s0022-
5347(17)36917-3.

Andreoiu M, MacMahon R. Renal colic in preg-
nancy: lithiasis or physiological hydronephro-

sis? Urology. 2009;74(4):757-61. doi: 10.1016/j. 37.

urology.2009.03.054.

Boridy IC, Maklad N, Sandler CM. Suspect-
ed urolithiasis in pregnant women: imaging
algorithm and literature review. AJR Am ]

Roentgenol. 1996;167(4):869-75. doi: 10.2214/ 38.

ajr.167.4.8819373.

Fulgham PE Assimos DG, Pearle MS,
Preminger GM. Clinical effectiveness proto-
cols for imaging in the management of ureter-

al calculous disease: AUA technology assess-  39.

ment. ] Urol. 2013;189(4):1203-13. doi: 10.1016 /j.
juro.2012.10.031.

Coursey CA, Casalino DD, Remer EM, Arellano
RS, Bishoff JT, Dighe M, et al. ACR Appropriate-

ness Criteria® acute onset flank pain--suspicion  40.

of stone disease. Ultrasound Q. 2012;28(3):227-
33. doi: 10.1097 /RUQ.0b013e3182625974.

Nash Z, Mascarenhas L. Renal calculi in preg-
nancy? The role of ultralow-dose CT. BM]J Case

Rep. 2013;2013:bcr2013009021. doi: 10.1136 /ber- 41.

2013-009021.

110

Update on approaches to urinary lithiasis in pregnancy

Teichman JM. Clinical practice. Acute re-
nal colic from ureteral calculus. N Engl ]
Med. 2004;350(7):684-93. doi: 10.1056/NE-
JMcp030813.

Hernandez N, Pais VM Jr. Diagnostic and man-
agement considerations for nephrolithiasis in
the gravid patient. Clin Nephrol. 2016;85(2):70-
6. doi: 10.5414 / CN108770.

Shokeir AA, Mahran MR, Abdulmaaboud M.
Renal colic in pregnant women: role of renal
resistive index. Urology. 2000;55(3):344-7. doi:
10.1016/50090-4295(99)00475-6.

White WM, Zite NB, Gash J, Waters WB, Thomp-
son W, Klein FA. Low-dose computed tomogra-
phy for the evaluation of flank pain in the preg-
nant population. ] Endourol. 2007;21(11):1255-60.
doi: 10.1089/end.2007.0017.

Pais VM Jr, Payton AL, LaGrange CA. Uro-
lithiasis in pregnancy. Urol Clin North Am.
2007;34(1):43-52. doi: 10.1016/j.ucl.2006.10.011.
DaiJC, NicholsonTM, ChangHC, Desai AC, Sweet
RM, Harper JD, et al. Nephrolithiasis in Preg-
nancy: Treating for Two. Urology. 2021;151:44-53.
doi: 10.1016/j.urology.2020.06.097.

Mullins JK, Semins MJ, Hyams ES, Bohlman
ME, Matlaga BR. Half Fourier single-shot tur-
bo spin-echo magnetic resonance urography
for the evaluation of suspected renal colic in
pregnancy. Urology. 2012;79(6):1252-5. doi:
10.1016/j.urology.2011.12.016.

Regan F, Kuszyk B, Bohlman ME, Jackman S.
Acute ureteric calculus obstruction: unenhanced
spiral CT versus HASTE MR urography and ab-
dominal radiograph. Br J Radiol. 2005;78(930):506-
11. doi: 10.1259/bjr /22314006.

Chen MM, Coakley FV, Kaimal A, Laros RK Jr.
Guidelines for computed tomography and mag-
netic resonance imaging use during pregnancy
and lactation. Obstet Gynecol. 2008;112(2 Pt
1):333-40. doi: 10.1097 / AOG.0b013e318180a505.
Parks JH, Worcester EM, Coe FL, Evan AP, Linge-
man JE. Clinical implications of abundant calcium
phosphate in routinely analyzed kidney stones.
Kidney Int. 2004;66(2):777-85. doi: 10.1111/j.1523-
1755.2004.00803.x.

Committee Opinion No. 723: Guidelines for Di-
agnostic Imaging During Pregnancy and Lac-
tation. Obstet Gynecol. 2017;130(4):e210-e216.
doi: 10.1097/ AOG.0000000000002355. Erratum
in: Obstet Gynecol. 2018;132(3):786.

Nakada SY, Coyle TL, Ankem MK, Moon TD,
Jerde T]. Doxazosin relaxes ureteral smooth mus-




Update on approaches to urinary lithiasis in pregnancy

42.

43.

44,

45.

46.

47.

48.

49.

cle and inhibits epinephrine-induced ureteral
contractility in vitro. Urology. 2007;70(4):817-21.
doi: 10.1016 /j.urology.2007.06.002.

Zehri AA, Ather MH, Abbas F, Biyabani SR. Pre-
liminary study of efficacy of doxazosin as a medi-
cal expulsive therapy of distal ureteric stones in a
randomized clinical trial. Urology. 2010;75(6):1285-
8. doi: 10.1016/j.urology.2009.10.069.

Sridharan K, Sivaramakrishnan G. Efficacy and
safety of alpha blockers in medical expulsive
therapy for ureteral stones: a mixed treatment
network meta-analysis and trial sequential anal-
ysis of randomized controlled clinical trials.
Expert Rev Clin Pharmacol. 2018;11(3):291-307.
doi: 10.1080/17512433.2018.1424537.

Lloyd GL, Lim A, Hamoui N, Nakada SY, Kielb
SJ. The Use of Medical Expulsive Therapy
During Pregnancy: A Worldwide Perspective
Among Experts. ] Endourol. 2016;30(3):354-8.
doi: 10.1089/end.2015.0587.

Mervak BM, Altun E, McGinty KA, Hyslop WB,
Semelka RC, Burke LM. MRI in pregnancy: Indi-
cations and practical considerations. ] Magn Reson
Imaging. 2019;49(3):621-31. doi: 10.1002 /jmri.26317.
Srirangam SJ, Hickerton B, Van Cleynenbreugel
B. Management of urinary calculi in pregnan-
cy: a review. ] Endourol. 2008;22(5):867-75. doi:
10.1089/end.2008.0086.

Evans HJ, Wollin TA. The management of urinary
calculiinpregnancy. Curr OpinUrol.2001;11(4):379-
84. doi: 10.1097 /00042307-200107000-00007.
Somani BK, Dellis A, Liatsikos E, Skolarikos A.
Review on diagnosis and management of uro-
lithiasis in pregnancy: an ESUT practical guide
for urologists. World J Urol. 2017;35(11):1637-49.
doi: 10.1007 /s00345-017-2037-1.

Khoo L, Anson K, Patel U. Success and short-
term complication rates of percutaneous ne-
phrostomy during pregnancy. ] Vasc Interv
Radiol. 2004;15(12):1469-73. doi: 10.1097/01.
RVI.0000140639.57131.6D.

111

50.

51.

52.

53.

54.

55.

56.

57.

Pedro Augusto Soffner Cardoso, Antonio Corréa Lopes Neto

Yoshida T, Takemoto K, Sakata Y, Matsuzaki T,
Koito Y, Yamashita S, et al. A randomized clini-
cal trial evaluating the short-term results of ure-
teral stent encrustation in urolithiasis patients
undergoing ureteroscopy: micro-computed to-
mography evaluation. Sci Rep. 2021;11(1):10337.
doi: 10.1038 /541598-021-89808-x.

Rivera ME, McAlvany KL, Brinton TS, Gettman
MT, Krambeck AE. Anesthetic exposure in the
treatment of symptomatic urinary calculi in
pregnant women. Urology. 2014;84(6):1275-8.
doi: 10.1016/j.urology.2014.07.007.

Wymer K, Plunkett BA, Park S. Urolithiasis in
pregnancy: a cost-effectiveness analysis of ure-
teroscopic management vs ureteral stenting.
Am ] Obstet Gynecol. 2015;213(5):691.e1-8. doi:
10.1016/j.ajog.2015.07.024.

Tan ST, Chen X, Sun M, Wu B. The comparation
of effects and security of double-J stent retention
and ureteroscopy lithotripsy in the treatment of
symptomatic ureteral calculi during pregnancy.
Eur ] Obstet Gynecol Reprod Biol. 2018;227:32-
34. doi: 10.1016/j.ejogrb.2018.05.041.

Assimos D, Krambeck A, Miller NL, Monga M,
Murad MH, Nelson CP, et al. Surgical Manage-
ment of Stones: American Urological Association/
Endourological Society Guideline, PART II. ] Urol.
2016;196(4):1161-9. doi: 10.1016/j,juro.2016.05.091.
Skolarikos A, Alivizatos G, de la Rosette J. Extra-
corporeal shock wave lithotripsy 25 years later:
complications and their prevention. Eur Urol.
2006;50(5):981-90; discussion 990. doi: 10.1016/j.
eururo.2006.01.045.

Tawfiek ER. Ureteroscopy during pregnancy
with follow-the-wire technique. African J Urol
2009;15(4):245-9. doi: 10.1007 /$12301-009-0044-1.
Laing KA, Lam TB, McClinton S, Cohen NP,
Traxer O, Somani BK. Outcomes of ureterosco-
py for stone disease in pregnancy: results from
a systematic review of the literature. Urol Int.
2012;89(4):380-6. doi: 10.1159/000343732.




