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Abstract
Background: The management of suspected kidney stone disease in pregnancy is challenging. In cases of persistent flank pain and
where investigations may have rendered equivocal results, ureteroscopy (URS) is a recognized diagnostic and therapeutic intervention.
This study aimed to investigate the safety and outcomes associated with performing URS during pregnancy, as the technique has
evolved over the past 4 decades at our center.
Materials and Methods: We performed a retrospective analysis of pregnant patients who underwent URS at our tertiary center be-
tween 1984 and 2022. Outcomes of interest included anesthetic approach, operative time, hospital stay, and complications.
Results: Eighty-seven pregnant patients underwent 96 URS procedures, and 60% (n = 57) of these procedures were performed during
the third trimester. Overall, 58% (n = 56) of the procedures were achieved with local anesthesia and light sedation. During the most
recent decade, the latter was successfully carried out in 97% of the procedures, with the remainder occurring under spinal anesthesia
as per patient choice. Overall, 57% (n = 50) of the whole study group had ureteral calculi found at the time of surgery and in 88% (n =
44) of these cases, fragmentation/extraction was performed. The remainder had insertion of ureteral stent with definitive clearance de-
ferred until postpartum. Mean operative time and postprocedure hospital stay was 33 minutes (range, 7–100 minutes) and 2.2 days
(range, 0–16 days), respectively. The overall intraoperative and postoperative complication rates were 2% and 11%, respectively. Dur-
ing the final decade, the latter improved to 6% and all adverse events were minor (Clavien I/II), with the exception of a single case. Re-
garding exit strategy, ureteral stent was placed in 42% (n = 40) of the procedures, 23% (n = 22) had ureteral catheter inserted, and the
remainder (35%, n = 34) had none.
Conclusions: Ureteroscopy can be safely performed during pregnancy using anesthetic approach with local anesthesia and light se-
dation. Development of a local protocol and multidisciplinary management algorithm are instrumental in enabling the delivery of such a
service.
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1. Introduction

Unilateral flank pain caused by suspected stone disease during
pregnancy is a difficult clinical entity tomanage in terms of both di-
agnosis and treatment.[1] However, initial misdiagnosis and de-
layed final diagnosis are not infrequent.[2] This is largely due to
the restrictions that must be applied to the standard stone pathway
to uphold important safety considerations for mother and fetus,
such as avoidance of exposure to ionizing radiation.[3] While inter-
national guidelines have addressed this clinical problem, it remains
a challenge for clinicians to adapt and apply these recommenda-
tions in the context of their local hospital setting.[4] To this end,
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practice patterns vary widely for this condition. While a conserva-
tivemanagement strategy is adoptedwherever possible, intervention
in the form of surgery can be required. Ureteroscopy (URS) is in-
creasingly recognized to be a safe procedure for this special patient
group, as long as it is delivered by a team with an appropriate level
of expertise.[5–7] However, reports are lacking regarding how this in-
tervention can be established within a formal management pathway
where noncontrast computed tomography (NCCT) is not available
as a standard diagnostic test.[8,9] Ureteroscopy during pregnancy
was first performed at our center in the early 1980s. Since that time,
our service has incorporated it as a diagnostic and therapeutic inter-
vention where specific criteria are met, as well as a transition to per-
forming it under local anesthesia (LA) and light sedation. This study
aimed to share our experiences gained over 4 decades and to evalu-
ate how URS can be implemented as part of a tailored and multidis-
ciplinary management algorithm.
2. Materials and methods

Retrospective analysis was performed on data collected periodi-
cally since 1995 at our tertiary center in Western Norway. These
have been compared with previously reported findings relating to
the period between 1984 and 1994.[10] This allowed for evaluation

mailto:jonesurology@gmail.com
http://https://uroweb.org/wp-content/uploads/EAU-Guidelines-on-Urolithiasis-2020.pdf
http://https://uroweb.org/wp-content/uploads/EAU-Guidelines-on-Urolithiasis-2020.pdf


Juliebø-Jones et al. � Volume 17 � Issue 1 � 2023 www.currurol.org
of a continuous data set between January 1984 and June 2022 for
pregnant patients who underwent URS at our center. Requirement
for ethical approval was cleared by the regional ethics committee
(REC-354396). All women undergoing URS for suspected kidney
stone disease (KSD) during pregnancy were eligible for inclusion.
Patients with complications, such as sepsis, which required emer-
gency decompression were excluded (Fig. 1). Our hospital imple-
ments a multidisciplinary protocol, whereby pregnant patients ad-
mitted with flank pain due to suspected stone disease undergo 2
days of close clinical observation. The analgesic regimen during
this period of assessment and initial management consists of regu-
lar paracetamol (1 g every 6 hours) and ketobemidone (2.5 mg
every 4–6 hours) as required. Transabdominal ultrasound (US) is
performed to identify upper tract dilatation, to determine the pres-
ence or absence of ureteric jet according to Doppler signals, and, if
possible, to identify a stone. If a conservative strategy is appropri-
ate, US is repeated every 24 hours to assess for change. In such
cases where pain persists without signs of active infection and
where US reveals KSD or equivocal results, URS is performed.
However, it should be emphasized that it is not an absolute require-
ment for a stone to have been confirmed on US before performing
URS. Therefore, the URS procedure serves as both diagnostic and
Figure 1. Flowchart for study inclusion.
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therapeutic intervention, as laser lithotripsy can be subsequently
performed to achieve stone clearance as required. Given the addi-
tional time and complication risk associated with performing laser
lithotripsy for renal stones, patients found to have the latter at time
of surgery undergo stent placement, and formal stone clearance is
deferred until the postpartum period.

2.1. Outcomes of interest
Primary outcome of interest was operative findings. Secondary
outcomes of interest included anesthetic type and complications.
Additional information was also collected on patient demo-
graphics, operative time, hospital stay, and exit strategy.

The resultswere divided into3periodsbasedon equipmentuseddur-
ing these periods for the cases: (1) 1984–1994: semirigidURS + grasping
forceps, (2) 1995–2009: semirigid URS + grasping forceps/pneumatic
lithoclast, and (3) 2010–2022: semirigid/flexible URS + grasping
forceps/laser lithotripsy (Holmium/Thulium fiber laser).

2.2. Surgical technique
When performed under general anesthesia or regional anesthesia, URS
is currently performed using a semirigid ureteroscope (8/9.8Ch;
Richard Wolf Medical Instruments, Vernon Hills, IL) or a flexible
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ureteroscope (URF-V3 or P7; Olympus, Tokyo, Japan). This is car-
ried out using a standardized technique described previously with
the insertion of a JJ stent or ureteric catheter at the surgeon’s dis-
cretion.[4,10,11] The key difference in technique for this special pa-
tient group is the complete lack of fluoroscopy and avoidance of
ureteral access sheath. Intraoperative transabdominal US is avail-
able to confirm correct placement of ureteral stent as required.

2.3. Modifications for URS under LA and light sedation
Local anesthesia includes 2% lidocaine gel (10 mL) inserted per
urethra by the surgeon before insertion of the scope (no specific
time interval is applied). The agent of choice at our center for light
sedation during the operation is remifentanil. The latter is adminis-
tered under careful control of the anesthetist. When URS is per-
formed under LA and light sedation, preference is given to use of
a smaller semirigid ureteroscope (4.5/6Ch; Richard Wolf Medical
Instruments, Vernon Hills, IL). Irrigation devices, such as pressur-
ized bags and handheld pumps, are avoided to minimize patient
discomfort. The strategy for stone fragmentation is otherwise sim-
ilar except that preference is given for dusting the stone to fine par-
ticles, which can pass spontaneously given that in our experience,
additional instrumentation with basketing can trigger more patient
discomfort. Patients are counselled regarding anesthetic choice and
their choice is respected accordingly.

2.4. Statistics
Independent-sample t tests were performed to compare continuous
data. Categorical variables were compared using χ2 tests. Statistical
analysis was performed using IBM SPSS Statistics 25 (IBM, Armonk,
NY). A p value less than 0.05 determined statistical significance.
3. Results

Between 1984 and 2022, 87 pregnant patients underwent a total of
96 URS procedures (Table 1). A majority of the procedures (60%)
were carried out during the third trimester, while 7% and 33%
took place during the first and second trimesters, respectively.
Overall, 58% (n = 56) procedures were performed under LA and
sedation. In the first period, only one case was performed using
LA/sedation, with the remainder undergoing regional anesthesia.
Table 1

Patient and operative information.

Time period, yr

Parameters 1 (1984–1994) 2 (1995–2009) 3 (2010–2021) Total

No. pregnant patients 24 35 28 87
No. URS procedures 25 39 32 96
Highest level of ureteroscope insertion
Renal pelvis 18 (72%) 19 (49%) 26 (81%) 63 (66%)
Upper ureter 6 (24%) 14 (36%) ‐ 20 (21%)
Middle ureter ‐ 5 (13%) ‐ 5 (5%)
Lower ureter 1 (4%) 1 (2%) 6 (19%) 8 (8%)

Trimester (at time of URS)
First 3 (12%) 2 (5%) 2 (6%) 7 (7%)
Second 9 (36%) 17 (43%) 5 (16%) 31 (33%)
Third 13 (52%) 20 (52%) 25 (78%) 58 (60%)

Anesthesia
General 0 4 (10%) 0 4 (4%)
Regional 24 (96%) 10 (26%) 1 (3%) 36 (38%)
LA/sedation 1 (4%) 25 (64%) 31 (97%) 56 (58%)

LA = local anesthesia; No. = number; URS = ureteroscopy.
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There was a significant rise in the number of patients undergoing
URS under LA from the first (4%) to the second period (64%)
(p < 0.001), and again from the second (64%) to the third pe-
riod (97%) (p < 0.05). Moreover, in this final period, no cases
were performed under general anesthesia. Overall, 57% (n = 50)
of the whole study group had calculi found at the time of surgery,
and in 88% (n = 44) of these cases, fragmentation/extraction was
performed, while the remainder had ureteral stent insertion with
definitive clearance deferred until postpartum. Other endoscopic
findings included distal ureteral edema with no calculi (15%),
pelvic-ureteric junction obstruction (4%), blood clots in the renal
pelvis (1%), and 21% had normal findings (Table 2). Mean oper-
ative time and postprocedure hospital stay were 33 minutes
(range, 7–100 minutes) and 2.2 days (range, 0–16 days), respec-
tively. Throughout the study period, 9 patients underwent 2 � URS
procedures during their pregnancy. This was either due to bilat-
eral stone disease (n = 3), repeat episode during a later preg-
nancy (n = 4), or repeat URS during the same pregnancy (n = 2).
The latter were all associated with a nonendourologist having
performed the surgery in the first sitting. Regarding exit strategy,
ureteral stent was placed in 42% (n = 40) of the patients, while
23% (n = 22) had ureteral catheter inserted. The remainder (35%,
n = 34) received neither. All ureteral catheters were removed within
48 hours after the surgery. The patients underwent postpartum im-
aging to confirm stone-free status. This is currently performed using
NCCT, but before 2010,USwas the standard imagingmethod.When
using NCCT, the definition of zero residual fragments was applied
and stone-free rate in a single session for ureteric stones was 100%.

3.1. Intraoperative outcomes
While all cases performed with LA/sedation experienced no intra-
operative complications, one case performed under regional anes-
thesia suffered total spinal anesthesia in the recovery room after
the procedure had been completed (Table 3). This is a recognized,
but extremely rare complication, which required emergency intu-
bation until the block wore off and spontaneous ventilation re-
sumed. Thereafter, the patient made a full recovery and had an un-
complicated pregnancy. Iatrogenic ureteral perforation (Grade 2)
was the other intraoperative complication. This was identified on
exiting the upper urinary system and was successfully managed
with insertion of ureteral stent, which was kept until the postpar-
tum period. The remaining period of this patient’s pregnancy was
uneventful. The delivery was normal, and the child was healthy.
Few cases that required a second URS procedure were associated
with a nonendourologist performing the initial surgery, (p < 0.001).

3.2. Postoperative outcomes
The overall postoperative complication rate was 11%, and the
most frequent adverse event was postoperative fever. Only onema-
jor complication was recorded. This was a patient who required
stent insertion (under LA) 2 days postoperatively because of persis-
tent flank pain. Nomaternal deaths were recorded. Over the past 4
decades, the postoperative complication rate improved from 12%
in first period to 6% in the final period. No obstetric complications
occurred at the time of surgery or during the early postoperative
period over the whole study period.

3.3. Delivery outcomes
One case was lost to follow-up because the patient moved out of
the area. Another patient elected for termination of pregnancy. Re-
view of hospital care notes revealed that the decision for the latter
appeared unrelated to their stone episode or URS procedure. Of the
remaining patients, 85% and 15% underwent vaginal and caesarean
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Table 2

Operative results.

Time period, yr

Parameters 1 (1984–1994) 2 (1995–2009) 3 (2010–2021) Total

Operating time, mean (range), min 28 (10–65) 33 (7–100) 37 (13–80) 33
Post URS hospital stay, mean (range), d 2.7 (0–16) 2.3 (0–16) 1.7 (0–6) 2.2
Main endoscopic findings*

Ureteric/renal calculi 12 (50%) 24 (68%) 14 (48%) 50 (57%)
Distal ureteral edema, no calculi 5 (21%) ‐ 8 (30%) 13 (15%)
Pyonephrosis ‐ 1 (3%) ‐ 1 (1%)
PUJ obstruction 2 (6%) 1 (4%) 3 (4%)
Blood clots in renal pelvis 1 (4%) ‐ ‐ 1 (1%)
Megaloureter ‐ 1 (3%) ‐ 1 (1%)
Normal findings 6 (25%) 7 (20%) 5 (18%) 18 (21%)

Endoscopic stone treatment
Stone disintegration and/or extraction 12 (100%) 21 (88%) 10 (84%) 44 (88%)
JJ stent inserted with stone in situ ‐ 2 (8%) 2 (8%) 4 (8%)
JJ stent inserted after stone distracted to renal pelvis ‐ 1 (4%) 1 (7%) 2 (4%)

Exit strategy
JJ stent 3 (12%) 13 (33%) 24 (75%) 40 (42%)
Ureteral catheter 4 (16%) 15 (39%) 3 (9%) 22 (23%)
Nothing 18 (72%) 11 (28%) 5 (16%) 34 (35%)

*At initial URS.
PUJ = pelvic ureteric junction; URS = ureteroscopy.
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delivery, respectively. In the former group, one patient had premature
contractions and delivered 7 weeks prematurely. Another patient had
vaginal delivery induced 1 week before the scheduled due date be-
cause of persistent stent related pain. None of the caesarean deliveries
were performed because of reasons related to their previous URS pro-
cedure. Therefore, the rate of obstetric complications determined to be
associated with KSD and intervention was less than 3%. Healthy
baby status was confirmed in all but 2 of the cases. One case of cleft
lip was recorded, but this occurred in a case during the third trimester
and, therefore, long after the period of cleft formation during the first
trimester. One case of cerebral palsy was documented as well. The
URS procedures had been uncomplicated in this case, and postnatal
assessment records had not determined URS to be a causative factor.
4. Discussion

Our results support the feasibility and safety of URS during preg-
nancy and its implementation in a tailored management algorithm,
as both diagnostic and therapeutic intervention. Furthermore,
Table 3

Summary of complications.

Parameters 1 (1984–1994)

Intraoperative complications
Total spinal anesthesia requiring intubation ‐

Ureteral perforation 1 (4%)
Overall intraoperative complication rate 4%
Postoperative complications

Post URS temperature >38.5°C 3 (12%)
Pain (requiring stent insertion) ‐

Pneumonia ‐

Spinal headache ‐

Overall postoperative complication rate 12%

URS = ureteroscopy.

10
anesthetic choice for URS in this special patient group can be
LA and light sedation, if the treating center has appropriate expe-
rience and expertise. However, nearly all cases (97%) over the
past decade at our institution have been performed this way. This
was supported by the advent of next-generation ureteroscopes
and newer laser technologies and accessories.[12,13] To this end,
it has become our standard approach for URS during pregnancy.
It is important to note that URS is only performed by designated
endourologists, and their involvement is now sought for all cases.
Our results showed an improvement in postoperative stay from
2.2 days in the first period to 1.7 days in the final period. How-
ever, when comparing changes in operative time for similar pe-
riods, the operative time did gradually increase. A likely explana-
tion is the added time required for regular patient communication
when performing URS with the LA and light sedation approach,
as well as the heightened care required during instrumentation.

International guidelines now acknowledge low-dose computed
tomography (CT) as a possible option for diagnostic imaging dur-
ing pregnancy.[4] However, while CT does hold an obvious advan-
tage of decreasing the rate of negative URS, it is still associatedwith
Time period, yr

2 (1995–2009) 3 (2010–2021) Total

‐ 1 (3%) 1 (1%)
‐ ‐ 1 (1%)
‐ 3% 2 (2%)

3 (8%) 1 (3%) 7 (7%)
‐ 1 (3%) 1 (1%)
1 (3%) ‐ 1 (1%)
1 (3%) ‐ 1 (1%)
13% 6% 11%

http://www.currurol.org


Juliebø-Jones et al. � Volume 17 � Issue 1 � 2023 www.currurol.org
an unknown and therefore unwanted radiation risk.[14] For this
reason, it remains a policy in our hospital to not performCT at all dur-
ingpregnancy. Interestingly, despite the increased attention surrounding
the role of CT, particularly in the United States, a recent study from a
national database study in that same country revealed that ofmore than
14,000 hospital cases of pregnant women investigated for suspected
symptomatic stone disease, noCT imagingwas performed[15]; there-
fore, its current role in clinical practice remains unknown.Magnetic
resonance imaging (MRI) is given as a second-line imaging option in
guidelines, and it can serve to differentiate pathological from physi-
ological dilatation of the ureter.[16] However, availability can be a
challenge for clinicians, because expediting thismodality in the acute
setting can be difficult, especially out of normal working hours and
even at a tertiary center.[4] Furthermore, as highlighted in a study by
White et al.[14] (2013), the positive predictive value of MRI for de-
tecting KSD in pregnancy (80%) is only marginally greater than
for US (77%). As well as additional costs and prolonged examina-
tion time, MRI’s absolute safety during the first trimester when ac-
tive organogenesis takes place is unknown.[17]

Ishii et al.[14] performed a systematic review of studies on preg-
nancy URS. From data of 271 procedures, intraoperative fluoros-
copy was used in 24.5% of cases in contrast to none in our study.
Only 5.1% had URS performed under LA or sedation. Diagnostic
MRI was only used in 3.2% of cases. Mean stone-free rate was
84.65% (range, 72.7%–92.6%) and the overall complication rate
was 16.1%. A multicenter study in United States recorded an ob-
stetric complication rate of 4.3%. These were all cases of preterm
labor, but no deaths were recorded.[5]

The rate of normal findings in this study was approximately
20%. In the other patients, a cause for the symptom profile could
be identified, as well as a means for symptom resolution, such as
stenting in the presence of pelvic-ureteric junction obstruction. In
those with persistent pain who meet the threshold for URS, but
are found to have normal findings, pathologies, such as stone dis-
ease, can be excluded. There was a rise in stent use for exit strategy
in the final period. This reflects a shift toward inserting a stent and
using, for example, a stent on string approach, which allows for re-
moval after 24 hours and before discharge.
The results here represent howour center, a tertiary unit inWestern

Norway, has evolved in the management of this difficult condition. It
is intended to add to the limited body of literature available and offer a
safe and feasibleway tomanage this special patient group. Performing
randomized trials is not feasible in this setting. These results and expe-
riences can serve to complement other reports.
It is a limitation that this was a single-center study, as well as ret-

rospective in nature. However, it offers another perspective on the
role of URS in this special patient group and a relatively unique ob-
servation of practice over time. It is a limitation that there is the
lack of quality-of-life assessment to compare between anesthetic
type.[18] Linguistic validation of a Norwegian version of a
patient-reported outcome measure for patients with KSD would
be of great value in future evaluations.[19]
5. Conclusions

Ureteroscopy can be safely performed during pregnancy, including
under LA and light sedation. It can serve as a therapeutic procedure
but also a diagnostic intervention for pregnant patients with hy-
dronephrosis and persistent flank pain, which is refractory to a con-
servative approach. Development of a multidisciplinary protocol in
the hospital to triage these patients, as well as continuity of care with
a named urologist, is a key component to delivery of this service.
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