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Abstract

Objectives To evaluate the effectiveness of ultrasonog-

raphy and to determine whether ionizing radiation is nec-

essary in the postoperative follow-up of children

undergoing ureteroscopy.

Methods We reviewed the charts of 49 children who

underwent 51 ureteroscopic procedures for ureteral calculi.

Renal ultrasound and intravenous urography were per-

formed in all patients at 3 months after surgery for post-

operative evaluation.

Results In three cases, stones migrated to the kidney.

Retrograde intrarenal surgery was performed in two

patients and one patient required shockwave lithotripsy to

become stone-free. Fourty-six children were completely

stone-free and 3 had residual fragments on plain film in the

postoperative 3 month. The sensitivity, specificity, nega-

tive and positive predictive values of ultrasonography for

detecting hydronephrosis were 85.7, 100, 97.7 and 100%,

respectively. Two patients under observation and three

patients under medical expulsive therapy had resolution of

hydronephrosis on follow-up. One patient required ureter-

oscopy for residual obstructing fragments.

Conclusions Ultrasonography has limited accuracy for

detecting residual ureteral stones, but it is a highly specific

and reasonably sensitive test for detecting hydronephrosis.

A combination of ultrasonography and plain film is a safe

and effective imaging procedure in postoperative follow-up

of children undergoing ureteroscopy.
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Introduction

Evolution of technique and miniaturization of instruments

have changed the management of stone diseases. Ureter-

oscopy (URS) has gradually become a major technique for

the treatment of ureteral stones in children and adults [1].

Introduction of smaller ureteroscopes, graspers, and bas-

kets and safer intracorporeal lithotriptors has reduced the

complication rates. Although rarely encountered, stricture

formation and obstruction are significant complications

after URS stone removal [2]. To detect these potential

complications, many urologists include routine intravenous

urography (IVU) or non-contrast computed tomography

(CT) scan in postoperative monitoring. However, routine

imaging for follow-up has recently been questioned, and

studies regarding follow-up after this procedure are con-

troversial. Some authors have concluded that routine

postoperative imaging is crucial in all patients, whereas

others recognize specific high-risk features that make

postoperative imaging for obstruction and pain necessary

for select patients only [3–6].

Radiological studies have improved with the emergence

of the non-contrast CT as the gold standard for stone

diagnosis [7–10]. Ultrasonography (US) has limitations

compared with CT scan, as it has less sensitivity and

specificity. However, US has clear advantages of conve-

nience and lack of radiation exposure over CT scan and

IVU. This is important especially in children. Although

there have been a number of clinical series assessing the

effectiveness of imaging procedures for follow-up after

ureteroscopic lithotripsy in adult patients, to our knowledge
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no study has been reported in pediatric patients about this

topic. We reviewed our experience using URS for pediatric

stone disease, and identified the effectiveness of renal US

in the postoperative follow-up of pediatric patients.

Patients and methods

Patients

We retrospectively reviewed the medical records of 49

pediatric patients with ureteral stones, aged 16 years or

younger, who underwent URS. Data were collected from

the retrospective reviews of hospital and physician’s office

records, and by contact with the patients. Pretreatment

evaluation included a careful medical history, clinical

examination, routine blood tests, urinalysis, urine culture,

plain abdominal film (KUB), renal USG and IVU. Renal

scintigraphy and CT were not done routinely, but were

performed whenever needed. Stone burden was measured

by maximum additive linear diameter per stone or stones.

All of the patients underwent renal US to determine the

status of the renal parenchyma and the presence of

hydronephrosis. The degree of hydronephrosis was evalu-

ated in four categories as described previously: No, mild

(blunting of calyces, normal thickness of renal paren-

chyma, and bandlike dilatation of renal sinus), moderate

(dilatation outside calyces, dilatation of pelvis, renal con-

tour enlargement, and compression of renal parenchyma),

and severe hydronephrosis (severe dilatation of calyces,

cystic appearance of pelvis, and markedly thin paren-

chyma) [10]. A primary metabolic workup was performed

in all patients. Medical therapy and dietary planning were

provided postoperatively in the outpatient setting when

appropriate. Prophylactic perioperative wide-spectrum

antibiotics were administered to patients with sterile urine,

and patients with bacteriuria were treated according to the

antibiogram results. Operative notes were reviewed to

determine operative technique and intraoperative compli-

cations. Clinic charts were reviewed to determine stone-

free status and postoperative complications.

Follow-up

The follow-up period ranged from 3 to 28 months (average

13.4 months). Postoperative evaluation included a KUB

radiograph on day 1 in patients who has residual fragments

intraoperatively. A urinary ultrasonography was also

obtained on postoperative day 10 in all patients. Then the

first follow-up evaluation was performed 3 months after the

operation after which patients were seen every 3 months

during the first year, and every 6 months thereafter. At first

visit, urinalysis, urine culture, serum creatinine, renal US,

and IVU were performed. The success rate, is defined as

stone-free and no obstruction. During follow-up, the patients

subjectively reported the presence or absence of pain as

persistent flank pain related to the same side treated with

ureteroscopy. Hydronephrosis was observed for a period of

time and followed with renal US for resolution. Persistent

hydronephrosis prompted additional imaging with either CT

scan or IVU and they were treated accordingly with addi-

tional surgery or medical expulsive therapy.

Results

Preoperative findings

A total of 49 children (27 boys and 22 girls) underwent a

total of 51 ureteroscopic procedures for ureteral calculi at

our institution. Mean patient age at the time of the proce-

dure was 8.2 years (range 9 months–16 years) and mean

stone size was 8.5 mm (range 5–17 mm). The location of

stones was the distal ureter in 22 (43.1%) patients, mi-

dureter in 12 (23.5%) patients, and proximal ureter in 14

(27.4%) patients. Three patients (5.9%) had multiple ure-

teral stones and they were treated primarily with URS. Six

(12%) patients had failed ipsilateral shock wave lithotripsy

(SWL) in their history. All six ureteral stones that failed to

be cleared by SWL were successfully treated by URS.

The most common presenting symptom was flank or

abdominal pain in 39 (79.6%) patients. The other common

symptoms were hematuria in 29 (59.2%) and fever in 5

(10.2%) patients. Eleven (22.5%) patients had urinary-tract

infection at presentation confirmed by urine culture. Three

children had preoperative serum creatinine levels[1.5 mg/

dL. Two of these patients had bilateral ureteral calculi.

Single session bilateral URS was performed for these

patients. The other patient, a 9-month-old infant, presented

with anuria secondary to bilateral renal and ureteral calculi.

Right percutaneous nephrolithotomy (PCNL) and left

ureteroscopic stone treatment were performed for this

patient. Creatinine levels reached normal values in these

patients, and they were discharged home with stable cre-

atinine levels. The preoperative characteristics of the

patients are summarized in Table 1.

Operative findings

The surgical technique is similar to that in adults [11].

Balloon dilatation of the ureteral orifice was used in 10

(19.6%) procedures, while the remaining 41 (80.4%) cases

did not require dilatation. In 4 (7.8%) patients, stones were

extracted only by basket catheter. The holmium laser was

used in 20 (39.2%) patients and pneumatic lithotripter was

used in 27 (52.9%). Average operative time was 32.5 min
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(range 20–90 min). In three (5.8%) cases, stones migrated

to the kidney. Retrograde intrarenal surgery was performed

in the same session with URS in two patients and one

patient required shockwave lithotripsy to become stone-

free. In a patient, stone was large (17 mm) and impacted in

the iliac region, and URS ended in failure, so open ure-

terolithotomy was carried out. A Double-J catheter was

inserted in 15 (29.4%) patients. Indication of Double-J

stenting included significant mucosal edema (7 patients),

tight ureter (3 patients), failed surgery (one patient), and

mucosal injury (4 patients) (Table 2).

Follow-up in postoperative 3 month

Of 49 procedures with perioperative complete stone frag-

mentation (96.1%), 46 were completely stone-free (90.2%),

while fragments were observed on the KUB radiograph in 3

patients. Flank pain was accepted as a criteria for symptoms.

A total of 42 patients were asymptomatic, while 7 (14.3%)

patients complained of symptoms after URS. Symptoms

were related to residual ureteral stone fragments in 3, uri-

nary-tract infection 1 patient, and idiopatic in 3 patients.

Renal US detected hydronephrosis in six (12.2%) cases; five

patients were symptomatic, whereas one patient had

asymptomatic hydronephrosis. Asymptomatic patient

deemed to have chronic hydronephrosis. US showed the

presence of mild hydronephrosis in three patients, moderate

hydronephrosis in two patients, and severe hydronephrosis

in one patient. All of them were found to have ureteral

obstruction by IVU (three patients had residual ureteral

stones, and the other three children had persistent hydrone-

phrosis). Fourty-three children did not have hydronephrosis

in US, but one of them had mild hydronephrosis without

ureteral obstruction in IVU. The sensitivity, specificity,

negative and positive predictive values of US for detecting

hydronephrosis were 85.7, 100, 97.7 and 100%, respec-

tively. In three cases who had persistent hydronephrosis

after URS had impacted ureteral stones (10 mm proximal,

8 mm distal, and 9 mm distal) and ureteral edema preop-

eratively. A ureteral D-J stent has been placed to these three

patients postoperatively. The other Double-J stenting

patients with indication of mucosal injury and tight ureter

did not have hydronephrosis postoperatively. The presence

of stone impaction and ureteral edema can be the risk factors

associated with postoperative hydronephrosis. Balloon

dilation was performed in ten cases, with one patient (10%)

having hydronephrosis postoperatively. The remaining 41

(80.4%) cases did not require dilatation, with 5 patients

(12%) having hydronephrosis postoperatively. The preop-

erative stone burden was similar in patients with (9.2 mm)

and without (8.4 mm) hydronephrosis. Two patients under

observation and three patients under medical expulsive

therapy had resolution of hydronephrosis on follow-up. One

patient required URS with laser and Double-J stent insertion

for residual obstructing fragments.

Discussion

Ureteral stones can be managed with observation, SWL or

URS in children. Van Savage et al. showed that most of the

Table 1 Demographic and stone-related parameters

No. of patients 49

Mean age (range) 8.2 years (9 months–16 years)

Male/female 27/22

Clinical presentation (%)

Hematuria 29 (59.2%)

Abdominal pain 39 (79.6%)

Urinary-tract infection 11 (22.5%)

Fever with chills 5 (10.2%)

Anuria 1 (2%)

Stone side (%)

Left 23 (45%)

Right 26 (51%)

Bilateral 2 (4%)

Stone location

Proximal ureter 22 (27.4%)

Middle ureter 12 (23.5%)

Distal ureter 14 (43.1%)

Multiple 3 (5.9%)

Stone size (range) 8.5 mm (5–17 mm)

Hydronephrosis (%)

No 8 (15.7%)

Mild 16 (31.4%)

Moderate 18 (35.3%)

Severe 9 (17.6%)

Table 2 Perioperative and postoperative findings of patients

Mean operative time (range) 32.5 min (20–90 min)

Instrumentation

Ureteral balloon dilatation 10 (19.6%)

Only basket catheter 4 (7.8%)

Holmium laser 20 (39.2%)

Pneumatic lithotripter 27 (52.9%)

Postoperative stent 15 (29.4%)

Mucosal edema 7

Failed surgery 1

Mucosal injury 4

Tight ureter 3

Complete stone fragmentation 49 (96.1%)

Completely stone-free 46 (90.2%)

Postoperative hydronephrosis 6 (12.2%)
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stones \3 mm in diameter in the distal ureter of children

would pass spontaneously. Stones of 4 mm or greater in

diameter are likely to require treatment [11]. In the 1980s

the advent of SWL revolutionized pediatric stone man-

agement, and it is currently the procedure of choice for

treating most of the urinary stones in industrialized nations

[12]. However, the long-term effects of shock waves on

developing kidneys and on contiguous viscera are not clear

and many studies have shown that the success rate of SWL

decreases significantly with increasing stone size. Lam

et al. compared the efficacy of SWL with URS using hol-

mium laser lithotripsy in 67 patients with proximal ureteral

calculi. The stone-free rates in patients with calculi of

[1 cm were 93% with URS and 50% with SWL, while for

calculi of \1 cm, the stone-free rates were 100 and 80%

for URS and SWL, respectively [13]. Due to significant

improvements in the miniaturization and durability of

endoscopic equipment, URS has become standard first line

therapy for large, impacted, and distal-ureteral stones in

children [14]. In present study, using the pediatric urete-

roscopes, we cleared 90.2% of the ureteral stones in a

single procedure, and with secondary procedures, this rate

improved to 100%. In a patient, stone was large (17 mm)

and impacted in the iliac region, and URS ended in failure,

so open ureterolithotomy was carried out.

Perioperative minor complications were observed in five

(9.8%) patients in our series, which was consistent with

previously published series. All of these complications

were managed conservatively. None of our children

developed ureteral stricture. Introduction of smaller urete-

roscopes, graspers, and baskets and safer intracorporeal

lithotriptors has reduced the complication rates after URS

stone removal. Most contemporary series report a rate of

stricture formation of \1% [15]. Nevertheless, because of

the concern for ureteral stricture development and sub-

sequent renal deterioration, many urologists order routine

IVU or CT scan in postoperative follow-up. IVU exposes

the patient to ionizing radiation and, contrast-related

nephrotoxicity can occur in patients with renal impairment.

It also carries a small but definite risk of anaphylaxis [16].

Radiological studies have improved with the emergence of

the non-contrast CT as the gold standard for stone diag-

nosis [7, 8]. However, CT involves higher radiation doses

than the conventional X-ray imaging procedures. More

recently, reports have been published on the theoretic

increased risk of fatal cancer in adults and children as a

result of a single CT examination, based on data from

similar low levels of exposure to ionizing radiation during

the atomic bombings of Nagasaki and Hiroshima [17, 18].

US has limitations compared with CT scan, as it has less

sensitivity and specificity. Catalano et al. compared helical

CT and sonography in the clinical setting of acute flank

pain. The combination of KUB and sonography, when

compared with CT, has a 77.1 versus 92.4% sensitivity,

92.7 versus 96.4% specificity, 95.3 versus 98% positive

predictive value, 68 versus 86.9% negative predictive

value, and 82.5 versus 93.7% accuracy in patients who

underwent all three techniques [19]. However, US has clear

advantages of convenience and lack of radiation exposure

over CT scan and IVU. It is important particularly in

children.

Routine imaging for follow-up has recently been ques-

tioned, and studies regarding follow-up after this procedure

are controversial. Some authors have concluded that rou-

tine postoperative imaging is crucial in all patients,

whereas others recognize specific high-risk features that

make postoperative imaging for obstruction and pain nec-

essary for select patients only. Weizer et al. [6] suggested

that postoperative pain was a poor predictor of obstruction

because asymptomatic obstruction occurred in 3% of the

patients. They advocated routine postoperative follow-up

with imaging for all patients because they have identified

patients who have progressed to decrease or loss of renal

function after ureteroscopy. In contrast, in our series, there

were no patients with obstruction on renal US who expe-

rienced decrease or loss of renal function. In another study,

Karod et al. reviewed 183 patients, and obstruction was not

seen in any of asymptomatic patients at the time of the

routine follow-up of radiologic procedure. They recom-

mended no follow-up imaging for asymptomatic patients

[20]. Beiko et al. published their experience with upper

tract imaging after ureteroscopic holmium:YAG laser

lithotripsy. They emphasize that routine postoperative

upper tract imaging is not necessary in all patients under-

going uncomplicated ureteroscopic lithotripsy. They sug-

gested that routine postoperative imaging should be

considered in cases of chronic stone impaction, significant

ureteral trauma, preexisting renal function impairment,

endoscopic evidence of stricture, and postoperative flank

pain or fever [21]. Bugg et al. [7] examined 87 patients

with follow-up imaging and concluded that imaging was

unnecessary in the absence of pain and preoperative

obstruction. These studies evaluated for obstruction using

primarily IVU and CT in adult patients, whereas in our

study postoperative imaging was conducted with renal US

and in children. In our data, we have similar findings in

pediatric patients, 85% of our patients reported no post-

operative pain, and only one of these patients displayed

obstruction at the time of the 3 month follow-up. Of the

patients who experienced flank pain subsequent to URS,

85% had ureteral obstruction secondary to ureteral calculus

or ureteral edema.

We recommend that routine radiologic studies with IVU

or CT are not necessary in the asymptomatic post URS

patients. Renal US is highly accurate in detecting mild to

severe hydronephrosis [10, 22]. A combination of renal US
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and plain film is a safe and effective imaging procedure in

postoperative follow-up of children. We believe that, IVU

or CT delineate the cause of obstruction only if hydrone-

phrosis is present on US. However, in patients with per-

sistent pain after ureteroscopy, non-contrast CT or IVU

might be more reliable in establishing a diagnosis accord-

ing to the US.
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