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Abstract

Background: To present our experience with semi-rigid ureteroscopy (URS) and laser lithotripsy in the
treatment of ureteral stones in symptomatic pregnant women.

Methods: This study was performed on 55 pregnant women with symptomatic obstructing unilateral
ureteral calculi requiring surgical intervention. The patients were treated by URS stone extraction with laser
lithotripsy, and Double J (DJ) stent placement were routinely done in all patients. The incidence of
premature uterine contractions (PUC) due to URS was recorded. In addition to the details of the procedures,
serum magnesium, calcium and glucose levels were also measured.

Results: All the patients underwent a successful URS with intra-corporeal laser lithotripsy. No perioperative
fetal complications were detected, and all patients completed the full term of pregnancy. Seven patients had
a postoperative PUC. An increased risk of PUC was found in patients with fever and renal colic at the initial
presentation. PUC was more frequent in patients with lower serum magnesium levels. Univariate analysis
showed that fever at initial presentation, high serum glucose and lower serum magnesium levels were
indicative for PUC. Also, the combination of preoperative complicated renal colic with fever is also a
prognostic indicator for development of PUC. Multivariate analysis showed that fever at initial presentation
and lower serum magnesium levels are an independent prognostic marker for PUC.

Conclusions: URS with pneumatic lithotripsy is an effective and safe treatment for pregnant women with
obstructing unilateral ureteric calculi. Patients with fever at initial presentation and lower serum
magnesium level are the most important factors affecting the preterm complications.
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Introduction A conservative approach is often the most

The incidence of urinary calculi during pregnancy
ranges from 1 in 200 to 1 in 1,500 and may be
associated with 40% of premature births.
Urolithiasis in pregnancy is the most common
cause of hospitalization in pregnant women due to
non-obstetric causes™.

appropriate initial treatment for acute renal colic
in the pregnant patient™® 3. However, conservative
temporizing approaches with ureteric stenting/
percutaneous nephrostomy insertion are other
clinical options to relieve the obstruction until the
end of pregnancy®®. Over the last decade,
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ureteroscopy (URS) has also become a reasonable
alternative and one of the most common treatment
options for ureteral stones during pregnancy.
There have been more studies reporting on URS
in pregnancy, demonstrating its safety and
efficacy®®. Several criteria have been identified
as predictive of future potential risks for both
mother and fetus® .

However, to our knowledge few authors have
reported on the outcome of using semi-rigid URS
with pneumatic lithotripsy in the management of
obstructing ureteric calculi in these pregnant
patients and to what extent such procedure affects
the overall clinical course for both the fetus and
mother™? ™3,

In the present study, we have evaluated the
possible predicting factors responsible for the
outcome of pregnant women with obstructing
calculi managed with semi-rigid URS with
pneumatic lithotripsy, with special reference to
premature uterine contraction (PUC) and in
addition, assessment the safety and effectiveness
of such a procedure.

Patients and Methods

Patients

Fifty-five pregnant women were diagnosed with
unilateral calcular ureteric obstruction. Diagnosis
of ureteral obstruction was made based on actual
clinical manifestation of the patients, their
abdominal ultrasound (US) findings, and detection
of hematuria in urinalysis [ . Preoperative data
of patients age, stage of pregnancy, diagnostic
methods, past history of urolithiasis or urological
interventions, localization and size of stone and
presenting symptoms and signs were reported.
Physical examination, routine urinalysis, urine
culture, renal function, blood tests, blood culture
if necessary, color Doppler US were done to
identify the presence of ureteric stone, and
hydroureteronephrosis. The duration of renal colic
from onset to surgery and duration of the
operation were also recorded. Patients with signs
of urinary tract infection (UTI) are considered to
have a fever at the time of diagnosis, as they have

positive urine culture®®. A consultation with the
Department of Obstetrics and Gynecology was
done for assessment of both maternal and the fetal
condition, specifically PUC. PUC is defined as
regular contractions of the uterus resulting in
changes in the cervix that start before 37 weeks of
pregnancy. Changes in the cervix include
effacement (the cervix thins out) and dilation (the
cervix opens so that the fetus can enter the birth
canal)l*®. Also, the serum levels of magnesium,
calcium and glucose were assayed in blood
samples drawn.

All patients had received initial medical
conservative treatment. After failure of medical
therapy or there is fever, persistent renal colic and
progressive hydronephrosis, those patients were
assigned to be treated definitively by
ureteroscopic stone extraction. Patients with no
stones and those having bilateral ureteric
obstruction, single kidney, or transplanted kidney
were excluded. This study was approved by our
local ethics committee and was conducted in
accordance with the Declaration of Helsinki, and
all the participants provided a written informed
consent.

The URS Procedure

Under strict maternal and fetal care, spinal
anesthesia was performed in 51 of patients, while
general anesthesia was administered in four
patients. Abdominal US was used for obstetric
and renal monitoring throughout all procedures.
All the URS procedures were performed by the
same surgical team. Endoscopy was carried out
using a semi-rigid 9.5 F ureteroscopy (Karl Storz,
Tuttlingen, Germany) with a safety sliding guide
wire (0.035 mm) inserted into the affected
collecting system under US control or with
guidance of a ureteral catheter (4 - 6 F). Balloon
dilatation of the stenotic ureteric orifice was
necessary only in five (9%) of these patients. The
stones of all patients were fragmented using a
Swiss pneumatic lithoclast 2® with the aid of the
stone cone to prevent proximal stone migration
(retropulsion)  during  ureteric ~ pneumatic
lithotripsy.
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Postoperatively, all patients were followed up
during pregnancy by obstetric examination aiming
to ensure maternal and fetal well-being as well as
outpatient urological follow-up represented by
clinical assessment, US examination, urinalysis
every 4 weeks, and urine culture.

Evaluation of URS procedure

The evaluation of the URS procedure included the
achievement of a stone-free rate (SFR), resolution
of hydronephrosis, and a safely completed
pregnancy. SFR was defined as absent of stone
fragments. Also, the outcomes included
postoperative complications like fever, hematuria,
hematoma in bladder, mucosal injury, DJ stent
migration, stone migration, and urosepsis.
Postoperative infection was defined in patients
with fever > 38 °C with pyuria within 1 week after
the operation®.

Statistical Analysis

The data were analyzed with the statistical
package for social sciences, version 20, for
windows software (SPSS Inc, Chicago, Illinois).
Results are expressed as mean £ SEM. The Chi-
square test was used to compare categorical
variables. For analysis of survival data, Kaplan-
Meier curves were constructed and the logrank
test for trend was performed. Multivariate analysis
was performed using Cox’s proportional hazards
model with P <0.05 considered statistically
significant.

Results

A total of 55 pregnant patients with unilateral
ureteric calculi underwent a definitive URS. The
mean age of the patients and the mean gestational
age were 26.9 (18 - 39) years and 21.5 (11 - 32)
weeks, respectively. Two patients were admitted
during the first trimester, 44 in the second and
nine in the third trimester of pregnancy. Patients
in the first, second and third trimester had a
gestational age of 11.5 + 0.5, 21.8 + 0.7 and 30.9
+ 0.5 weeks, respectively. The presenting
symptoms were renal colic in 36 patients,
hematuria in 17, and irritative voiding symptoms
such as urinary frequency, urgency and dysuria in

19 patients. Eleven patients with fever at initial
presentation were at greater risk for the presence
of PUC when compared to patients without signs
of UTI (P < 0.005) (Table 1). Seven patients had
past history of stone disease. Abdominal US
revealed normal pyelocaliceal system in five
cases, right side hydronephrosis in 31 patients and
left side hydronephrosis in 19 patients. A total of
41 of those patients had a ureteral stone diagnosed
with color Doppler US and the remaining 14
patients during diagnostic URS. The mean stone
size determined by pre-operative color Doppler
US in 41 patients was 9.6 mm (7 - 13 mm).
Thirty-five patients had right and the other 20 had
left ureteral stones. Six had mid-ureteric stones
and the remaining 49 had stones in the lower
ureter (Table 1).

Table 1 Patients Demographic Data of 55

Pregnant women
Values Results
Mean age 26.9(18-39 years)

Mean Follow up
Mean of gestational age (weeks)
First trimester (number of patients)

42.3 (6-84 months)
21.5(11-32 weeks)
2

Second trimester (number of patients) 44

Third trimester (number of patients) 9
Symptoms

Renal colic 36

Fever 11

Hematuria 17

Irritative symptoms 19
Hydronephrosis 50

Time of Renal colic duration
Mean serum Magnesium
Mean serum Calcium

Mean serum Glucose

53.7+3.9(12-92)h
1.940.7(0.7-2.6)mg/dL
9.9+0.2(6.5-7.8)mg/dL
84.8+3.2(70-160)mg/dL

Stone fragments of 50 patients were left to
spontaneous passage (< 3 mm) while those of
other five patients were extracted using forceps.
The stone fragments retrograde migrated to the
renal pelvis in five patients. In all patients 6F/26
cm DJ stents were routinely placed. In 50 cases,
DJ stents were extracted 2 - 4 weeks after the
initial procedure. In five patients with both
ureteric dilatation and migrated residual stones,
the stent was extracted after successful pregnancy
completion. In those five patients, we changed the
stent every 6 weeks to restrain encrustation. Minor
intraoperative complications such as ureteral
edema, mild ureteral laceration or bleeding were
encountered in six patients.
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The mean time elapsed until operation and
duration of the operation were 66.1 £ 2.9 h and
32.8 = 0.8 min, respectively. The mean lithotripsy
time duration was 16.2 + 0.5 min. Also, the mean
hospitalization period was 97.2 + 6.5 h. Of the 55
patients with ureteral calculi, 50 patients had
complete fragmentation of calculi. SFR were
91%. No serious peri-operative, intraoperative
urological complications or intraoperative fetal
and obstetric complications were observed. All
pregnancies were carried to full term and their
babies were born normally. The hydronephrosis
was relieved in all patients. PUC was observed
after the procedure in seven patients who were
successfully treated by tocolytics. There was a
postoperative fever in six patients who were
treated by a safe group of antibiotics. Persistent
irritative voiding symptoms were reported by 12
patients. Postoperatively, renal colic developed in
three  patients who were treated with
acetaminophen and prolonged hematuria in six
cases (Table 2).

Table 2 Details of Procedure and Outcome of 55

Pregnant Women
Values Outcome
Stone location
Lower Ureter 49(89%)
Middle Ureter 6(11%)
Stone Laterality (Side of complaint) 20(36%)
Left
Right 35(64%)
History of Urolithiasis 7(13%)
Stone diagnosed by Ultrasound 41(75%)
Mean Stone Size on Ultrasound 9.6(7-13mm)
Stone diagnosed by Ureteroscopy 14(25%)
Type of anesthesia
Spinal 51(93%)
General 4(7%)
Type of Lithotripter (Holmium:YAG 55(100%)

Lithotripsy)

Duration Of the operation(min)
Time elapsed until operation
Duration of lithotripsy (min)

32.8(25-42min)
66.1+2.9(33-96hrs)
16.2(13-25min)

Balloon dilation of ureteral orifice 5(9%)
Double J stent insertion 55(100%)
Stone free rate(%) 50(91%)
Postoperative complications
Preterm uterine contraction 7(13%)
Fever 6(11%)
Colic 3(5%)
Hematuria 6(11%)
Irritative symptoms 12(22%)
Safely completed pregnancy 55(100%)

Hospital period 97.2+6.5(24-168Mnths)

The mean serum levels of magnesium, calcium
and glucose were 1.9 = 0.7 (0.7 - 2.6 mg/dL), 9.9

+ 0.2 (6.5 - 7.8 mg/dL) and 84.3 + 3.2 (70 - 160
mg/dL), respectively (Table 1). Additionally, the
serum magnesium levels of patients were
significantly lower in patients with PUC than in
patients without PUC (P < 0.001). Interestingly,
the opposite relationship was detected; patients
with PUC had significantly higher levels of serum
glucose (P < 0.005). On the other hands, the
serum calcium did not have any significant
relationship with PUC (P > 0.05) (Table 3).

Table 3 Univariate Analysis of Prognostic
Markers

Variable Qutcome parameter
X2 p*

Renal colic 2.2 0.15
Fever 79 0.005
Combination preoperative colic and fever 10.8 0.001
Duration of lithotripsy time>15 min 2.1 0.15
Serum Magnesium 9.5 0.002
Serum Glucose 6.1 0.01
*Logrank

The renal colic, fever at the time of diagnosis and
duration of lithotripsy of more than 15 min (P <
0.05) have a statistically significant relationship to
PUC. However, the following parameters:
duration of the operation, time elapsed of more
than 36 h until operation, types of anesthesia,
stone localization, stone diameter, SFR at the end
of procedure, hospitalization length and
postoperative fever and colic did not have a
statistically significant relationships in patients
with PUC.

Univariate analysis, using the logrank test,
showed a prognostic impact for those having fever
at the time of diagnosis, serum magnesium, and
serum glucose level on PUC. The time of
lithotomy operation had no significant influence
on the course of PUC. Also, the presence of
postoperative fever and renal colic was of no
prognostic significance (Table 3).

To test whether any of these parameters had a
prognostic impact, a multivariate Cox regression
analysis was done including the parameters: fever
at the time of diagnosis, serum level of
magnesium and serum level of glucose for PUC.
The parameters that were not dichotomic were
dichotomized and the cut-off of serum magnesium
and glucose (< 1.7 versus > 1.7 mg/dL, < 10.1
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versus > 10.1 mg/dL, respectively). In that
analysis, fever and serum magnesium could be
identified as an independent prognostic marker for
poor prognosis.

By combining renal colic and fever at the time of
diagnosis, four patient groups were considered
(Group 1: patients with positive renal colic and
fever at the time of diagnosis, Group 2: those with
positive renal colic and without fever, Group 3:
those without renal colic and with fever and
Group 4: those without renal colic and fever). The
Kaplan-Meier curve shows the prognostic
influence of those with positive renal colic and
fever on the time to progression to PUC. Clearly,
patients with renal colic and fever had a
statistically significant poor prognosis compared
to the other groups (Table 3). Generally, this data
are consistent with the notion that patients without
renal colic and fever do better than those with
positive renal colic and fever. Patient with fever
and renal colic were simultaneously present in
eight (15%) patients of whom seven (87%)
developed PUC.

Discussion

Technological advancements in the development
of the semi-rigid ureteroscopes have enabled
atraumatic fragmentation of stones in pregnant
women®®!. It was reported that URS with
lithotripsy is an ideal intervention for treatment of
pregnant women with obstructing lower ureteric
calculi that did not respond to conservative
treatment. This method is effective in reducing
pain, preventing UTI and decreasing obstetric
complications. Many trials were reported on the
safety and efficacy of URS in all trimesters in
pregnant women. Also, in this recurrent study, all
pregnant patients completed the pregnancy to full
term with no serious obstetric or fetal
complicationst* **%. However, PUC developed in
seven patients in this current study.

Previous studies on the risk factors for developing
PUC in pregnant women with ureteric calculi had
been linked to renal colic and urosepsis™. In
addition, serum magnesium, glucose levels and

SFR at the end of procedure have been described
as potential factors!®. However, there are many
possible causes for serious postoperative
complications, related to URS procedures. So, it
remains difficult to predict accurately from the
initial evaluation which patients will have an
unfavorable clinical outcome.

In this current study, renal colic has a statistically
significant condition with the development of
PUCH: I |ts role during pregnancy in the
development of PUC is unknown. However,
urolithiasis and episodes of renal colic can lead to
the development of hydronephrosis and urinary
stasis and eventually UTI, which can result in
obstetric complications™™. In pregnant patients
with complicated pain, URS can be used as both
diagnostic and therapeutic procedure due to a
potentially high number of diagnosed ureteral
stones, that was reflected by our results, where
25% of ureteric stone was detected during
diagnostic URS™ 24 |n  pregnant women,
dilatation of the ureteric orifices during URS is
often unnecessary due to the muscle-relaxing
effect of progesterone which elevated during
pregnancy™®. However, in the present study a
stenotic ureteric orifice was dilated up to 12 F in
five cases, something that was reflected by others
studiest™>%,

We successfully fragmented all stones localized in
the ureter using laser lithotripter without any
serious obstetric complications ™* %2, The laser
lithoclast used here can be applied only via a
semi-rigid URS. These laser lithotriptors can
focus their energy on a localized area with
minimal energy dispersion without risks and any
traumatic complication during pregnancy®. In
contrast to other stone-fragmentation energy
sources e.g., electrohydraulic generators and
ultrasonic lithotripsy have different risks during
pregnancy. For example, ultrasonic lithotripsy
should be avoided due to possible hearing damage
to the fetus!® 21 With holmium: YAG lithotripsy,
the time taken for stones to fragment into
removable size is shorter than pneumatic
lithotripsy. But the, holmium laser lithotripsy is
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higher costs compared to pneumatic lithotripsy
[18]

In our study, we found that the duration of
lithotripsy of more than 15 min is a risk factor for
PUC with a statistically significant correlation.
However, the time elapsed of more than 36 h until
operation did not show a statistically significant
correlation with PUC, as reflected by Buttice et al
1 But early intervention should be suggested in
cases of symptomatic pregnant patients, whereas,
the delayed operation was found to be a risk factor
for urosepsis development .

In these cases, DJ stents were routinely inserted in
all patients after URS procedures to ensure
adequate drainage of the obstructed ureter and
reduce the postoperative pain and analgesic use
271 No significant complication related to its
insertion occurred in the current study. However,
some risks such as UTI and encrustation have
been reported 22 This encrustation requires
frequent stent changes, which can be every 6 - 8
weeks.

In our patients, we correlated PUC to a specific
laboratory parameter. Low serum magnesium
level has been found to unfavorably correlate with
PUC, as about 85% of patient with low
magnesium level developed PUC. PUC probably
be due to the loss of inhibitory effect of
magnesium on PUC which is mediated through
the antagonism of calcium-mediated uterine
contractions. But, the high serum glucose level is
associated with increased risk of progression to
PUC. The significant increase in serum glucose
levels in patients with PUC can be attributed to
increased catabolic activity in sepsis patient,
which is associated with septicemial®®. However,
serum calcium level did not preclude any relation
to PUC which reflected by Buttice S et al'™.
However, the nature of PUC in pregnant patients
with ureteric stone is still debatable and may due
to a variety of factors. Stone size, SFR, types of
anesthesia, hydronephrosis, in  addition,
postoperative colic and fever complication are
other important factors accounting for PUC.
Although such factors did have a statistically

significant correlation with PUC, these variable
observations suggest that PUC outcome after laser
lithotripsy is probably determined by a combined
effect of various factors. In the present study, the
combination of both preoperative renal colic and
fever at initial presentation were associated with
the worst long-term prognosis for PUC; as all the
patients with this combination developed PUCE!,
The limitations in this study include the relatively
low numbers of patients. Also, evaluating all the
parameters including blood tests, radiology,
timing, proficiency of the surgeon, general status
of the fetus and patient could not be carried out to
provide exact mean values.

Our study provides evidence that complicated
renal colic with fever and low serum magnesium
level have an influence on PUC in pregnant
patients who have ureteral stone. If these results
are confirmed in other studies, both factors could
emerge as additional parameters for predicting the
clinical outcome of pregnant patients with
urolithiasis. Also, the results of this study suggest
that for pregnant patients with refractory unilateral
symptomatic stones, semi-rigid URS with laser
lithotripsy and DJ stent placement are effective
and safe options.
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