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Percutaneous nephrostomy in infants: a 20-year single-center
experience

Onur Taydas'

Emre Unal? PURPOSE

Devrim Akinci? To investigate the safety and efficacy of the imaging-guided percutaneous nephrostomy (PCN) pro-
Mehmet $eker3 cedure in infants.

Osman Melih Topcuoglu4 T

Okan Akhan? A total of 75 (50 boys; 66.7%) patients with a mean age of 121 days (range, 1-351 days) who under-
Tlrkmen Turan (;iftgi2 went PCN over a period of 20 years were included in this retrospective study. For each patient, PCN

indications, catheter size, the mean duration of catheterization, complications, and the procedure
performed following nephrostomy were recorded. Technical success was determined based on the
successful placement of the nephrostomy catheter within the pelvicalyceal system. Clinical success
was defined as the complete resolution of hydronephrosis and improvement in renal function tests
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2Hacettepe University Faculty of Medicine, during follow-up. In patients with urinary leakage, technical and clinical success was determined
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of Radiology, Istanbul, Tiirkiye RESULTS

4Yeditepe University Faculty of Medicine, Department The technical success rate was 100%, and no procedure-related mortality was observed. In 11 pa-
of Radiology, Istanbul, Tiirkiye tients (14.7%), bilateral PCN was performed. The most frequent indication of PCN was ureteropelvic

junction obstruction (n = 41, 54.7%). Procedure-related major complications were encountered in
two patients (methemoglobinemia and respiratory arrest caused by the local anesthetic agent in
one patient and the development of urinoma caused by urinary leakage from the puncture site in
the other). Mild urinary leakage was the only minor complication that occurred and only in one
patient. Catheter-related complications were managed through replacement or revision surgery in
16 patients (21.3%).

CONCLUSION
Imaging-guided PCN is a feasible and effective procedure with high technical success and low ma-
jor complication rates, and it is useful for protecting kidney function in infants.
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ercutaneous nephrostomy (PCN) is the method of choice for external urinary diversion

in patients with urinary obstruction or extravasation. It is an indispensable tool, partic-

ularly for patients with malignant urinary obstruction because retrograde ureteral stent-
ing is almost always challenging in these patients. The ultrasound-guided approach makes
the procedure much safer than the conventional fluoroscopy-guided method. Access to the
Received 20 April 2023; revision requested 11 June 2023; pelvicalyceal system through PCN may also serve as a feasible route for further interventions,
accepted 23 July 2023. including ureteral balloon dilatation, stenting, and foreign object or stone removal.?
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tissue, more elastic and flexible renal paren-
chyma, and smaller volume of the pelvical-
yceal system.? The elasticity of infant kidneys
is the most commonly encountered problem.
In infants, the kidney can be pushed or even
kinked during needle puncturing, which is a
rarely encountered incident in adults other
than for patients with chronic kidney diseas-
es. In addition, the rapid decompression of
the pelvicalyceal system during the proce-
dure may result in the loss of percutaneous
access, further complicating the procedure.*
Moreover, urinary leakage following kidney
puncture may be negligible in adults, but it
is particularly important for infants because
of the smaller volume of their collecting sys-
tems. The management of infant patients
following PCN is also very different from that
of adults.>®

Although PCN placement is an essential
element of interventional radiology prac-
tice? it is not widely practiced in infants for
the reasons outlined above. Despite current
studies on nephrostomy in pediatric and
newborn patient groups in the literature,’®
there are no comprehensive and long-term
studies on the infant age group. The fact that
this age group includes the neonatal period,
which marks an important period for kidney
maturation, emphasizes that the evaluation
of these patients should be of special inter-
est.? In this study, we report our experience
with imaging-guided PCN in infants, with an
emphasis on the safety and efficacy of the
procedure in this patient group.

Methods

Patients

Institutional approval for the study was
granted by the Hacettepe University Clinical
Research Ethics Committee (GO 16/609-06),

* Percutaneous nephrostomy (PCN) is the
method of choice for external urinary diver-
sion in patients with urinary obstruction or
extravasation.

* Although PCN is routinely performed in
adults in multiple centers worldwide, its ap-
plicability in infants is limited.

* The main indication of PCN is urinary ob-
struction, but this procedure also plays a
crucial role in patients with urinary leakage.

* Imaging-guided PCN is a feasible and effec-
tive procedure with high technical success
and low major complication rates, and it is
useful in protecting kidney function in in-
fants.

and all procedures were in accordance with
the principles of the Helsinki Declaration. In-
formed consent was waived because of the
retrospective nature of the study. Patient re-
cords were obtained from physical and elec-
tronic files, and the images of the patients
were acquired from the picture archiving and
communication systems of the hospital. The
inclusion criteria were as follows: younger
than 12 months at the date of the nephros-
tomy procedure; availability of clinical, imag-
ing, and laboratory findings; and a post-pro-
cedure follow-up conducted in our hospital.
The exclusion criteria were as follows: older
than 12 months at the date of the procedure;
incomplete data on clinical, imaging, and
laboratory findings; or incomplete post-pro-
cedure follow-up. The clinical and radiolog-
ical data of 75 infants who underwent PCN
over a period of 20 years were retrospectively
reviewed for the study. A total of 11 patients
whose clinical or radiological findings could
not be obtained were excluded from the
study. The PCN indications, catheter size, du-
ration of catheterization, complications, and
any procedures performed following a ne-
phrostomy were recorded for each patient.
Technical success was determined based on
the successful placement of the nephrosto-
my catheter within the pelvicalyceal system,
whereas clinical success was defined as the
complete resolution of hydronephrosis and
improvement in renal function tests [blood
urea nitrogen (BUN) and creatinine levels]
during the follow-up. In patients with urinary
leakage, clinical success was determined
based on the resolution of leakage (success-
ful urinary diversion).

The treatment results were also evaluated
by reviewing the hospital records. Serum cre-
atinine levels and the presence of hydrone-
phrosis were routinely evaluated (at 3-month
intervals) in all patients after the procedure.
Complications were classified as major or mi-
nor according to the criteria of the Society of
Interventional Radiology.”

Preprocedural evaluation

Indications of PCN were evaluated using
ultrasonography in each patient. Hydrone-
phrosis was graded according to the Society
for Fetal Urology classification. Informed
written consent was obtained from the par-
ents of the patients prior to the procedure.
In addition to routine blood biochemistry
and hemogram analyses, coagulation pa-
rameters were also examined before each
procedure. Nine patients (12%) were already
using antibiotics because of bacteriuria iden-

tified through urine culture results; all the
remaining patients received prophylactic
broad-spectrum antibiotics prior to the pro-
cedure. All procedures were performed in an
interventional radiology unit and were eval-
uated through ultrasonography before the
procedure and at hour 6 after the procedure.
The longitudinal length of the kidney and
parenchyma thickness were measured and
recorded.

Procedures

The PCN procedure was performed while
the patients were in the prone position. Ul-
trasound guidance was used to puncture the
lower or middle calyx. The kidney was punc-
tured with a 19-G, 18-G, and 21-G needle in
19 (38.7%), 37 (49.3%), and 9 (12%) patients,
respectively. Two different techniques were
used during the procedure:

1. In patients with severe hydronephrosis,
following urine sampling through the needle,
contrast material was administered to reveal
the pelvicalyceal system under fluoroscopy. A
stiff guide wire (Amplatz, Super Stiff; Boston
Scientific, Marlborough, MA, USA) was then
advanced through the renal pelvis and ureter.
Consequently, the tract was dilated, and a ne-
phrostomy catheter was placed in the renal
pelvis over the guide wire (Figure 1).

2. In patients with urinary leakage or a
mild degree of hydronephrosis, a 21-G nee-
dle was used to puncture the calyx. After
revealing the pelvicalyceal system under
fluoroscopy, a 0.018-inch guide wire was in-
itially introduced through the renal pelvis,
and then an introducer set (AccuStick, Bos-
ton Scientific) was placed. Finally, a 0.035-
inch stiff guide wire was used for tract dilata-
tion and catheter placement (Figure 2). These
patients were not given diuretics before the
procedure.

The procedure was performed with mod-
erate-to-deep sedation without intubation,
under local anesthesia, and under gener-
al anesthesia in 60 (80%), 8 (10.7%), and 7
(9.3%) patients, respectively. After the proce-
dure, the patients were taken to the observa-
tion room and monitored for 6 hours.

According to the guidelines prepared by
the Society of Interventional Radiology,™
complications that require interventional
procedures and hospitalization are classified
as major, whereas those that do not require
any intervention and are resolved during fol-
low-up are considered minor. In light of this
information, we classified the complications
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Figure 1. Percutaneous nephrostomy procedure in an 8-month-old girl with severe hydronephrosis
caused by ureteropelvic junction obstruction. Sagittal (a) and axial (b) grayscale sonograms demonstrate
severe hydronephrosis. The collecting system was punctured with an 18-G needle under ultrasonography
guidance. (c-e) Contrast material was injected through the needle (c) to reveal the renal collecting system
on fluoroscopy. The nephrostomy catheter was then advanced over the guide wire (d).

that developed in our patients after the pro-
cedure as major, minor, and catheter related.
Catheter-related complications related to
mechanical complications associated with
the catheter, such as dislocation, obstruction,
leakage, and malposition.

Statistical analysis

Statistical analysis was performed using
the SPSS for Windows software package (v.
20.0; IBM, Chicago, IL, USA). Categorical vari-
ables are presented as numbers and percent-
ages, and continuous variables are presented
as average * standard deviation and median
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(minimum and maximum) values. The Pear-
son chi-square test was used for the compar-
ison of categorical variables, and continuous
variables were compared using a non-para-
metric (Kruskal-Wallis) or parametric (One-
Way analysis of variance) test according to
the suitability of the data for normal distribu-
tion based on the evaluation undertaken us-
ing the Kolmogorov-Smirnov and Shapiro-
Wilk tests. The results of the preprocedural
and postprocedural renal function tests were
compared using the Wilcoxon signed-rank
test. Statistical significance was considered
when a P value was less than 0.05.

Results

Of the 75 patients enrolled in this study,
50 were male (66.7%) and 25 were female
(33.3%), with a mean age of 121 days (range,
1-351 days). Twenty-five (33.3%) of the pa-
tients were in the neonatal period. PCN was
performed on a total of 86 kidneys, with 11
patients (14.7%) undergoing bilateral ne-
phrostomies. The hydronephrosis grade was
0 in 2 patients, 2 in 15 patients, 3 in 24 pa-
tients, and 4 in 34 patients.

Ureteropelvic junction obstruction (UPJO)
(54.7%) was the most common indication of
PCN, followed by ureterovesical junction ob-
struction (UVJO) (14.7%), and vesicoureteral
reflux (VUR) (10.7%). The remaining indica-
tions of PCN are presented in Table 1. The siz-
es of the inserted catheters ranged from 6 to
8 Fr, with the majority being 6 Fr (77.3%).The
median duration of catheterization was 24
days (interquartile range, 10-38; mean, 27.9
+ 45.8; range, 2-345).

There was a significant decrease in serum
creatinine and BUN levels following nephros-
tomy (P < 0.001) (Table 2). In the subgroup
analysis, renal function recovery was more
apparent in patients with UPJO (P = 0.001)
(Table 3). There was no significant relation-
ship between the BUN and creatinine values
and age (P = 0.235 and P = 0.345, respec-
tively) or the degree of hydronephrosis (P =
0.341 and P =0.557, respectively).

Procedure-related major complications
were encountered in two patients: methe-
moglobinemia and respiratory arrest caused
by the local anesthetic agent in one patient
and the development of urinoma caused by
leakage from the puncture site in the other.
Percutaneous urinoma drainage was suc-
cessful in the patient with urinoma. The only
minor complication was mild urine leakage
in one patient, which was resolved without
further intervention.

Taydas et al.



Figure 2. Percutaneous nephrostomy procedure in a 6-month-old boy with mild hydronephrosis caused by vesicoureteral reflux. Sagittal (a) and axial (b) grayscale
sonograms demonstrate the mildly dilated renal collecting system. The lower pole calyx was punctured with a 21-G needle under ultrasonography guidance. (c-g)
Contrast material was injected to reveal the renal collecting system on fluoroscopy (c). A 0.018-inch guide wire (d) was then introduced and exchanged with a 0.035-
inch guide wire (e) using an introducer set. The 0.018-inch guide wire was kept in place to not lose the access route (f). The nephrostomy catheter (g) was advanced
over the 0.035-inch guide wire. Finally, the 0.018-inch guide wire was removed following the successful insertion of the catheter.

Table 1. Distribution of the nephrostomy etiologies of patients

Ureteropelvic junction obstruction
Ureterovesical junction obstruction
Vesicoureteral reflux

Congenital anomaly

Posterior urethral valve

latrogenic stenosis

Urinary leakage

Ureteral stone

Kidney stone

Pyonephrosis

Total

Catheter-related complications  were
managed through replacement or revision
surgery in 16 patients (21.3%) (Table 4). The
mean duration of catheterization was signif-
icantly longer in patients who experienced
catheter-related complications (mean, 20
days) than in those without such complica-
tions (mean, 9 days) (P = 0.0035).

n %
41 54.7
11 14.7
8 10.6
5 6.7
3 4

2 2.7
2 2.7

1 13

1 13

1 13
75 100

Following successful urinary diversion,
various surgical interventions were per-
formed to eliminate the underlying disease
(Table 5). The most common procedure
performed following nephrostomy was py-
eloplasty (38.7%). In seven of the patients
(9.3%), no further surgical intervention was
performed following the removal of the ne-
phrostomy catheter. Of these patients, three

(42.9%) had VUR, three (42.9%) had UPJO,
and one (14.2%) had multiple congenital
anomalies. Only one patient (1.33%), who
had undergone bilateral nephrostomy, re-
quired hemodialysis, and kidney failure in
this patient was caused by multiple system-
ic anomalies. Nephrectomy was performed
in eight patients (10.7%), of whom five had
UPJO and the remaining three each had
UVJO, VUR, and pyonephrosis.

There was a statistically significant differ-
ence between the preprocedural and post-
procedural kidney sizes. The mean renal pa-
renchymal thickness (pre-PCN: 8.1 + 2.7 vs.
post-PCN: 9 + 2.6 mm; P=0.016) and longitu-
dinal kidney diameter had an inverse correla-
tion (56.9 £9.8vs.51.9 £ 9.4 mm, P = 0.022).

Discussion

Our results demonstrate that PCN per-
formed on infants has a technical success
rate of 100%. No procedure-related mortality
was identified in our study. According to the
Society of Interventional Radiology Quality
Improvement standards, the technical suc-
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cess rate should be above 95% in pediatric
PCN and is not affected by the patient’s age,
degree of hydronephrosis, or presence of
renal calculi.’? Similar to our study, the only
study in the literature that included only in-
fant patients reported a technical success
rate of 100%." In a multicenter study, tech-
nical failure was reported at a rate of 1%,
and the loss of access was determined as the
cause of technical failure.” In a recent study
including newborn patients, the only techni-
cal failure resulted from multiple punctures
that caused the rapid decompression of the
obstructed pyelocaliceal system.’

PCN can be performed using the Selding-
er or trocar method." In our study, PCN was
performed using the Seldinger technique
with an 18-21-G needle in all patients. Ko-
ral et al.* used a modified trocar technique
in addition to the standard Seldinger tech-
nigue in newborns and infants. In that study,
it was argued that the modified technique
might be useful, especially for patients with
UPJO.* Bas et al."® reported a technical suc-
cess rate of 100% using the trocar technique
in 6 neonates and 16 infants with urinary ob-
struction. The procedures were performed
without fluoroscopic guidance; however, the
size of the nephrostomy catheter used was
4 Fr.®In our study, all the procedures were
performed under both ultrasound and fluor-

oscopic guidance; the catheter size ranged
from 6 to 8 Fr, with the majority being 6 Fr.

The main indication of PCN is urinary
obstruction, but this procedure also plays a
crucial role in patients with urinary leakage.
There is a lack of data in the literature regard-
ing the utility of PCN in infants with urinary
extravasation. In our study, two infants un-
derwent PCN as a result of urinary extrava-
sation. Shellikeri et al.™* also performed PCN
on 34 patients with urinary extravasation,
with the major and minor complication rates
being determined as 0.1% and 4.4%, respec-
tively. We did not observe any procedure-re-
lated complications in either of our patients
with urinary leakage.

In our study, the most common indication
of PCN was UPJO. In the literature, several
studies have also reported UPJO as the most
common indication of PCN in infants.#>81718
In long-standing UPJO, the kidney can be vis-
ualized as a huge cyst; therefore, it may be
difficult to differentiate the calyx from the re-
nal pelvis. The kidney may become apparent
following the drainage of the pelvicalyceal
system.

Prophylactic antibiotic use is general-
ly recommended before the PCN proce-
dure.>>' However, Gray et al.?° reported only
one case of infection among 46 patients who

Table 2. Comparison of the blood urea nitrogen and creatinine values of participants before

and after nephrostomy

Mean + SD Median P*

Creatinine
Before nephrostomy 1.1+14 0.5

<0.001
After nephrostomy 0.7+0.8 0.4
BUN
Before nephrostomy 22.6+21.5 14

<0.001
After nephrostomy 15.2+12.3 11.1

*Wilcoxon signed-rank test; BUN, blood urea nitrogen; SD, standard deviation.

Table 3. Subgroup analysis of blood urea nitrogen and creatinine values according to etiology

Creatinine before PCN Creatinine after PCN P

had not received prophylactic antibiotics
prior to PCN. Cochran et al.?' suggested that
the risk of sepsis could not be eliminated
with prophylactic antibiotic use in patients
at higher risk of urinary sepsis (e.g., those
with struvite stones, a urinary ostomy, and
a positive urine culture test), and Millward®
recommended prophylactic antibiotic use
in patients with urinary stones. In our study,
all the patients received third-generation
cephalosporin prior to the procedure, with
nine patients (12%) already using antibiot-
ics because of bacteriuria identified through
urine culture results. We did not observe any
cases of urinary sepsis or infection following
PCN. A recent study by Kljucevsek et al.” in
the newborn patient group reported that in-
fections developed in 16.1% of the patients
after PCN. The reason for the different results
reported may be related to urosepsis and
pyonephrosis constituting the indications of
PCN in a high number of patients in the pre-
vious study.

According to the Society of Interventional
Radiology Quality Improvement Standards
for Percutaneous Nephrostomy in the Pedi-
atric Population, the major complication
threshold in PCN is 5% for sepsis, 4% for
hemorrhage requiring treatment, and 1% for
vascular/bowel injury and pleural complica-
tions.'?We did not observe any procedure-re-
lated hematomas that required a blood
transfusion or an extended hospital stay.
The minor complication threshold is 5% for
urinary tract infection, 3% for site infection,
3% for site oozing, and 10% for urine leak."?
In our study, only one patient (1.3%) devel-
oped a urinoma that required percutaneous
drainage. Although successful catheteriza-
tion of the pelvicalyceal system was estab-
lished, it was not possible to prevent urinary
leakage in this patient. This may be because
of catheter malfunction or dislodgement,
primarily related to changes in patient posi-

BUN before PCN  BUN after PCN P

Ureteropelvic junction obstruction 13 0.7 0.001 229 153 0.001
Ureterovesical junction obstruction 14 1.2 0.214 25.3 224 0.214
Vesicoureteral reflux 1 0.9 0.145 38.2 28.3 0.087
Congenital anomaly 0.9 0.7 0.174 234 20.1 0.098
Posterior urethral valve 1 0.8 0.121 27.3 25.4 0.147
latrogenic stenosis 1.4 1.2 0.154 30.5 254 0.068
Urinary leakage 0.8 0.7 0.584 143 13.4 0.471
Ureteral stone 1 0.9 0.662 18.8 17.4 0.547
Kidney stone 0.9 0.8 0.235 15.1 15.2 0.325
Pyonephrosis 1.4 1.3 0.337 22.8 21.2 0.447
BUN, blood urea nitrogen; PCN, percutaneous nephrostomy.
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Table 4. Distribution of complications that developed after nephrostomy

Major complications (n = 75)
No major complications
Urinoma
Local anesthesia-related methemoglobinemia
Minor complications (n = 75)
No minor complications
Urinary extravasation not requiring intervention
Catheter-related complications (n = 75)
None
Catheter dislocation
Catheter obstruction
Catheter leakage

Catheter malposition

Prevalence %
73 97.4
1 1.3

1 1.3
74 98.7
1 1.3
59 78.7
8 10.7
3 4

3 4

2 2.6

Table 5. Procedures performed following nephrostomy

Pyeloplasty

Double-J stent placement
Ureteroneocystostomy
Nephrectomy

Medical treatment

Posterior urethral valve resection
Ureterocele excision
Subureteric teflon injection
Percutaneous nephrolithotomy
Pyelolithotomy

Cystostomy

Dialysis

Total

tion. We observed a significant improvement
in serum creatinine and BUN levels following
PCN; however, renal function recovery was
most significant in patients with UPJO.

We observed methemoglobinemia and
respiratory arrest associated with the local
anesthetic agent in a 10-day-old newborn.
Methemoglobinemia following the adminis-
tration of local anesthetics is a serious com-
plication for which care should be taken, par-
ticularly in neonates and low-weight infants.
The use of prilocaine is not recommended
in children younger than 6 months (except
for transcutaneous administration), preg-
nant women, patients taking other oxidizing
drugs, or those with glucose-6-phosphate
dehydrogenase deficiency.?® The maximum
recommended doses of prilocaine are 2.5,
5.0, 3.2, and 1.3 mg/kg for patients older
than 6 months, adults, patients with renal in-
sufficiency, and those using other oxidizing
drugs, respectively.” Methemoglobinemia is

n %
29 38.7
12 16
8 10.7
8 10.7
7 9.3
3 4

2 2.7
2 2.7

1 1.3

1 1.3

1 1.3

1 13
75 100

a hemoglobinopathy caused by high methe-
moglobin levels resulting from the oxidation
of iron to the ferric state in hemoglobin, lead-
ing to tissue hypoxia. In addition to tissue hy-
poxia, it may also cause respiratory depres-
sion, especially in infants and newborns®* as
in our patient.

Catheter-related complications are not
defined clearly enough in the literature and
are generally discussed as mechanical com-
plications' or minor complications, as in the
Society of Interventional Radiology Quality
Improvement Standards for Percutaneous
Nephrostomy in the Pediatric Population.™
However, since catheter-related complica-
tions are especially common in the infant
age group, we examined them in a separate
category in our study. These complications
are frequently encountered during the fol-
low-up period of patients in the form of cath-
eter occlusion, migration, or dislocation. In
the first hours of catheter dislocation, access

to the pelvicalyceal system may remain pat-
ent; therefore, the nephrostomy catheter can
be placed using the guide wire under fluor-
oscopy guidance (without a needle).”® Cath-
eter displacement or dislodgement is more
frequently encountered in younger children
and infants,?® and in a recent study, the cath-
eter-related complication rate was reported
to be 18.6% in neonates.” Shellikeri et al.™*
detected catheter-related mechanical com-
plications in 54 out of 675 patients (8%) and
noted that the rate of catheter displacement/
dislodgement was higher in infants (10%)
than in the non-infant population (6%). In
our study, we observed catheter displace-
ment/dislodgement in 25 patients; however,
13 of these patients were under 1 year, and
five were neonates. Our results are therefore
consistent with those of Shellikeri et al.™* We
observed catheter-related mechanical com-
plications more frequently in neonates (32%)
than in the remainder of the patient popula-
tion (21.3%). Therefore, we suggest that the
fixation of the catheter to the skin should be
carefully undertaken in neonates.

Results reported in studies conducted in
the adult patient group and those reported
for the pediatric patient group also reveal
some differences. The most common indi-
cation of PCN in the adult age group is uri-
nary stone disease, not UPJO.” Although a
comprehensive study?” determined the ma-
jor complication rate as 9.6% and the minor
complication rate as 9.9%, these rates vary
depending on the location of the urinary ob-
struction,® dilatation status of the collecting
system,”® and the operator performing the
procedure.®® In this context, further studies
are required to evaluate these parameters
in the pediatric patient group. In studies
conducted in the adult patient group, the
rate of catheter-related problems varies be-
tween 2% and 38%, but it is generally around
7%.2>3132 As demonstrated in a recent study
by Shah et al*3, this may be because the
catheters used are designed specifically for
adults.

The most important feature that makes
our study unique is that it extensively dis-
cusses the 20 years of experience of a single
center together with clinical and laboratory
findings; however, our study also has some
limitations. The first concerns the small num-
ber of patients and the single-center design,
although the results obtained can still serve
as a guide for further comprehensive studies.
Second, the radiation dose information could
not be recorded for all patients for technical
reasons. Because of the importance of radia-
tion exposure in this age group, future stud-
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ies should evaluate radiation doses in these
patients. Finally, because of the retrospective
nature of the study, the indications of PCN
were heterogeneously distributed, and there
were very few patients in some subgroups.
To address this, prospective studies should
be undertaken.

In conclusion, imaging-guided PCN is a

feasible and effective procedure with high
technical success and low major complica-
tion rates, and it is useful in protecting kid-
ney function in infants.
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