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Abstract
Purpose: To summarize our experience in the management of congenital anomalies in the kidney and urinary tract (CAKUT) in adults.
Materials and methods:We conducted a retrospective chart review of all adult patients who underwent primary surgical intervention
for CAKUT between 1998 and 2021.
Results: The study included 102 patients with a median age of 25 (interquartile range, 23–36.5). Of these, 85 (83.3%) patients reported
normal prenatal ultrasound, and the remaining 17 (16.7%) patients were diagnosed with antenatal hydronephrosis. These patients were
followed-up conservatively postnatally and were discharged from follow-up because of the absence of indications for surgical interven-
tion or because they decided to leave medical care. All studied adult patients presented with the following pathologies: 67 ureteropelvic
junction obstructions, 14 ectopic ureters, 9 ureteroceles, and 6 primary obstructive megaureters, and the remaining 6 patients were di-
agnosed with vesicoureteral reflux. Forty-three percent of the patients had poorly functioningmoieties associatedwith ectopic ureters or
ureteroceles. Notably, 67% of patients underwent pyeloplasty, 9% underwent endoscopic puncture of ureterocele, 3% underwent ure-
teral reimplantation, 6% underwent endoscopic correction of reflux, 7% underwent partial nephrectomy of non-functioning moiety, and
the remaining 9% underwent robotic-assisted laparoscopic ureteroureterostomy. The median follow-up period after surgery was
33 months (interquartile range, 12–54). Post-operative complications occurred in 5 patients (Clavien-Dindo 1–2).
Conclusions: Patients with CAKUT present clinical symptoms later in life. Parents of patients diagnosed during fetal screening and
treated conservatively should be aware of this possibility, and children should be appropriately counseled when they enter adolescence.
Similar surgical skills and operative techniques used in the pediatric population may be applied to adults.
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1. Introduction

Despite the worldwide availability of prenatal ultrasound (US), sev-
eral patients are diagnosed in adult life with congenital anomalies,
such as ureteropelvic junction obstruction (UPJ-O), vesicoureteral
reflux (VUR), ureterocele, or ectopic ureter.[1] Antenatal diagnosis
has changed the initial approach for congenital pathologies from
surgical intervention in the majority of patients to more conserva-
tive management, sparing some children from unnecessary surgery.
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We have previously demonstrated in numerous publications that at
least half of the children with an antenatal diagnosis of hydronephrosis
due toUPJ-Odonot require surgical treatment andmay be followed-up
conservatively.[2,3] However, the long-term consequences of this
approach remain unknown.
Moreover, a question arises as to whether we can assure the par-

ents of childrenwith congenital anomalies in the kidney and urinary
tract (CAKUT) during antenatal and postnatal counseling that con-
servative management, if one has been chosen, would provide renal
function preservation and lack of complications during adulthood.
We have shown that some children with VURwhowere discharged
from follow-up due to the absence of symptoms after adolescence
experienced renal function deterioration and febrile urinary tract in-
fection (UTI) during adulthood.[4]Moreover, these patients demon-
strated a significantly higher incidence of lower UTI, even after suc-
cessful reflux correction. Recently, we have witnessed an increased
number of publications on the conservative management of pathol-
ogies, such as ureterocele.[5,6] In addition, in this patient population,
a lack of long-term data is required to justify this approach.
We conducted a multicenter study to review our experience with

the treatment of CAKUT in adult patients, with a special emphasis
on their prenatal history and postnatal management.
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2. Materials and methods

We retrospectively reviewed the medical records of all adult pa-
tients who underwent primary surgical intervention for CAKUT
between 1998 and 2021 at the 2 centers. We previously published
our regimen of antenatal hydronephrosis and other congenital
anomalies in children.[2,4] Briefly, hydronephrosis was identified on
prenatal US in all patients during the second trimester (20–22 weeks
of pregnancy), as part of a routine screening program for fetal anom-
alies in Israel. Ultrasoundwas performed on day 3 of life in children
with an antenatal diagnosis of hydronephrosis, and the examination
was repeated to grade hydronephrosis. Dynamic Diethylenetriamine
pentaacetate (DTPA)ormercaptuacetyltriglycine (MAG)3rRadionuclide
studies were carried out at 6–8 weeks of age. The frequency of fur-
ther examinations was tailored to the findings of the initial studies.
The isotope washout curve was recorded after a bolus of 1 mg/kg furo-
semide was injected 15 minutes after radionuclide administration.
Dimercapto succinic acid (DMSA) renal scans were performed to
the relative renal function using background-corrected regions of in-
terest of each kidney in the posterior view and to calculate the resul-
tant percentage uptake. Renal scintigraphy was performed 2 hours
after DMSA injection. The fractional left and right renal activities
were calculated for each kidney. A kidney uptake of 40%–50%of to-
tal renal activity was considered as normal. A relative renal function
of 30%–40%was considered as moderate, and renal function below
30% of relative renal function was considered as poor. Stable renal
function without deterioration and signs of worsening hydronephrosis
are the main indications for conservative treatment. In this sce-
nario, childrenwere advised to undergo repeat evaluations, includ-
ing US examination every 3–6 months during the first 4 years and
annually thereafter as a routine follow-up. In all cases, a radionu-
clide study was recommended at the beginning of the adolescent
period and a repeated study after the patients completed adoles-
cence, starting at the age of 16 years upon enlisting in the army.
All adult patients with clinical symptoms of incidental findings of
UPJ-O underwent both US examination andMAG 3 radionuclide
scan using a protocol similar to that used for pediatric patients. In
some cases, CT urography andMRI urography (MRU)were used to
identify the precise pathology and remove obstruction at the UPJ.

All adult patients with a previously known diagnosis of ureterovesical
junction obstruction underwent reevaluation when indicated, including
repeat US examination and dynamic MAG 3 radionuclide scans.
In equivocal cases, CT urography orMRUwas performed depend-
ing on availability and the physician’s choice. Open dismembered
reimplantationwas performed using the same technique (Politano-
Leadbetter) in all patients when indicated. The Robot-assisted lap-
aroscopic dismembered extravesical cross-trigonal ureteral reim-
plantation (RADECUR) has been used over the last 5 years.[7]

In patients with VUR, the reflux grade was based on voiding
cystourethrography (VCUG) before and after surgery, according
to the International Classification System (International Reflux
Study Committee). As previously mentioned, the only indication
for the surgical correction of VUR in the pediatric population in
our service was recurrent febrile UTI.[4,8] All reviewed patients
were diagnosed with reflux during adolescence and were allocated
to follow-up only, without antibiotic prophylaxis, according to pa-
rental decisions or the choice of the primary physician. They re-
turned to our attention because of recurrent febrile UTI. Since the
possibility of spontaneous resolution of UTI in the adult popula-
tion is unlikely, all patients received antibiotic prophylaxis after
surgery, which was continued until definitive treatment cured the
VUR. The adult patients in this group were diagnosed with reflux
on VCUG, which they underwent as part of our routine protocol after
8

the occurrence of febrile UTI. To rule out intravesical obstruction,
the International Prostate Symptom Score was completed for every
male patient, and uroflowmetry was performed when needed. For
female patients, detailed medical histories were obtained. In cases
where “obstructive symptoms” were suspected, a full urodynamic
study with pressure flow measurements was performed.

The endoscopic correction technique was identical to that described
for the pediatric population.[4,8] In patients with grade I–III VUR, we
used the usual STING technique, introducing the needle submucosally
under the ureteral orifice at the 6-o’clock position. In patients with
grade IV VUR or in those with a wide ureteral orifice, the injection
was performed inside the orifice as described previously.During the last
4 years,we have adapted a lifting technique for the STING that allows
for a more precise placement of the implant with an increased success
rate.[8] Over the study period, we have used polytetrafluoroethylene
(Teflon) as a tissue-augmenting substance, Dextranomer/Hyaluronic
Acid Copolymer copolymer, and over the last 11 years, polyacrylate-
polyalcohol copolymer, namely, Vantris.

Our protocol for the postnatal management of antenatal
hydronephrosis due to ureterovesical junction obstructionwas similar
to a previously published UPJ protocol.[2–4] After postnatal confirma-
tion of the antenatal pathology, all patients underwent VCUG to ex-
cludeVUR. If the child had stable renal functionwithoutworsening of
hydronephrosis, the decisionwasmade to follow-up conservatively in
the samemanner as that previouslymentioned in childrenwithUPJO.

Endoscopic puncture of the ureterocele is the treatment of choice
in our department for all children with a prenatal diagnosis of
ureterocele.[9] If the ureterocele was diagnosed in adulthood in
symptomatic patients, endoscopic puncture and incision were per-
formed in the same manner as in pediatric patients.

Preoperative evaluation and postoperative follow-up included
renal and bladder US scans, VCUG, and repeated renal scans for
DTPA, MAG-3, and DMSA. All ureteroceles were classified as
intravesical or ectopic. All patients received antibiotic prophylaxis af-
ter puncture until the VCUG showed no reflux. The patients who
showed persistent reflux into the lower moiety of the ipsilateral or
contralateral kidney or iatrogenic reflux into theureterocelemoiety re-
mained on antibiotic prophylaxis until either spontaneous resolution
of reflux or definitive treatment cured the VUR. The blood pressure
was routinely recorded in patients with poorly functioning kidneys
caused byVUR reflux or in thosewith poorly functioning upper poles
left in place. In case of nonfunctioning kidney, upper pole nephrec-
tomy or upper pole heminephrectomy was considered.

In adult patients in whom the ectopic ureter was diagnosed with du-
plex or single-system renal and bladder US scans, VCUG, and renal
scans, either DTPA or MAG-3 and DMSA were performed. Over the
last 10 years, we have performedMRUexaminations in all patients with
suspected ectopic ureters.Until 2016, all patientswithnonfunctional or
poorly functioning (less than 20%) ectopic ureter associated moieties
underwent either open or laparoscopic partial nephrectomy. Patients
with a single ectopic ureter underwent open ureter reimplantation or
RADECURreimplantation.Currently, if an ectopic ureter is associated
with a duplex systemwith noVUR in the lowermoiety, our choice is ipsi-
lateral laparoscopic robot-assisteduretero-ureteral anastomosis regardless
of the renal functionof theassociatedrenalmoietyandureteraldiameter.[10]

All statistical analyses were performed using GraphPad Prism
6.01 (Graph Pad Prism 6 for Windows, Version 6).
3. Results

The demographic and clinical data of all patients are presented in
Table 1. In brief, we identified 102 patients with a median age of
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Table 1

Demographic and clinical data.

Clinical data n

Pathology
UPJ 67
Primary obstructive megaureter 6
VUR 6
Ectopic ureter 14
Ureterocele 9

Age (median, yr) 25
Renal function, %
Normal (40–50) 32
Moderate (30–40) 26
Poor/Non-functioning (<30) 44

Follow-up (median, mo) 33
Clavien-Dindo complications
I 2
II 3

UPJ = ureteropelvic junction; VUR = vesicoureteral reflux.
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25 years (interquartile range, 23–36.5 years). Of these, 85 (83.3%)
patients reported normal prenatal US, and the remaining 17 (16.7%)
patients were diagnosed with antenatal hydronephrosis. These patients
were followed-up conservatively postnatally and were discharged
from follow-up owing to the absence of indications for surgical in-
tervention. All adult patients presented with the following pathol-
ogies: 67 UPJ obstructions, 14 ectopic ureters, 9 ureteroceles, and
6 primary obstructive megaureters; the remaining 6 patients were
diagnosed with VUR. Forty-three percent of the patients had poorly
functioning moieties associated with ectopic ureters or ureteroceles.
Notably, 68 (68%) patients underwent pyeloplasty: of those, 8 patients
underwent open dismembered pyeloplasty, 8 patients underwent
laparoscopic procedures, and the remaining 50 patients underwent
robotic-assisted laparoscopic dismembered pyeloplasty, respectively.
Overall, 9 (9%)patients underwent endoscopic puncture of ureterocele,
3 (3%) patients underwent ureteral reimplantation wherein 1
RADECUR technique was used, 6 (6%) patients underwent endo-
scopic correction of reflux, 7 (7%) patients underwent partial
nephrectomy of non-functioning moiety, and the remaining 9 (9%)
patients underwent robotic-assisted laparoscopic ureteroureterostomy
(RALUU). There was no difference in the rate of clinical symptoms
(UTIs, flank pain, and urinary retention) between neonates who were
followed-up conservatively and those diagnosed during adulthood.
Furthermore, when following renal function changes in patients
with obstructive uropathy who were diagnosed antenatally, we ob-
served non-significant changes in the renal function compared with
the adult cohort. The median follow-up period after surgery was
33months (interquartile range, 12–54months). Post-operative com-
plications occurred in 5 patients (Clavien-Dindo 1–2).[11]
4. Discussion

The widespread use of antenatal US has changed the postnatal
management of CAKUT.[1] Moreover, the diagnosis of congenital
anomalies in adult patients is common and requires an understand-
ing of the underlying pathology and familiarity with the surgical
techniques usually used in pediatric practice.[12–14]

In the majority of patients (83%) in this study, antenatal US was
reported asnormal, and in17%of thepatients, thehydronephrosiswas
unobstructed; therefore, the patients were discharged from follow-up.
9

These findings further underline the importance of proper counsel-
ing and the evaluation of patients with a known history of antenatal
hydronephrosis concerning the onset of clinical symptoms.Contrary
to the improvement in renal function after pediatric pyeloplasty,
adult surgery allows relief of clinical symptoms; however, it does
not improve renal function.[12–14] Our data further support this ob-
servation.We have not observed any significant improvement in the
renal function after surgical correction in both groups: those with
and without neonatal diagnosis. A similar trend was observed in
the patients with VUR. Although the surgical outcomes of patients
with reflux were similar concerning reflux resolution in the pediatric
population, these patients demonstrated a decrease in the renal func-
tion since their last follow-up in pediatric urology/nephrology, as al-
ready demonstrated in a previous publication. Moreover, these pa-
tients tend to develop either febrile or afebrile UTI significantlymore
frequently than the pediatric population despite reflux resolution.
Since most pediatric specialists do not follow these patients up to
adulthood, these facts should be presented to the parents of children
with VUR during counseling and treatment decision-making.
As antenatal US has become an integral part of the follow-up of

pregnant women, it has changed the management of some so-called
dogmas in pediatric urology. Ureterocele is awell-known pathologic
entity in the pediatric urology population; however, it remains a di-
agnostic and treatment challenge in the adult population.[15,16] Its
prevalence is estimated to be between 1/500 and 1/4000 patients,
with a wide variety of clinical presentations.
There is a consensus among the majority of pediatric urologists

that ureteroceles require surgical intervention, such as endoscopic
puncture or incision, ureteral reimplantation, and even either open
or laparoscopic/robotic heminephroureterectomy.
Over the last few years, some investigators have raised the possi-

bility of conservative management for patients with asymptomatic
intravesical ureteroceles.[5,6] The main weakness of all studies was
the lack of long-term follow-up. In 40% of our patients, the
ureterocele was diagnosed after the clinical presentation of renal
colic. It has been suggested that urinary stasis in the cobra head,
such as ureteroceles, might lead to stone formation. The remaining
patients presented with febrile UTI, and of those, 50% required
emergency drainage because of lack of reaction to the antibiotic
treatment and renal obstruction. All patients had intravesical
ureterocele without any previous history of nephrolithiasis or any
kind of bladder intervention, ruling out the possibility that we
had dealt with acquired ureterocele.
The approach to duplex kidney anomalies has evolved over the

last few years in pediatric urology practice from partial nephrec-
tomy to uretero-ureteral anastomosis, frequently leaving poorly
or even non-functioning moieties in place and simply fixing the un-
derlying pathology.[3,10,17–20] Robot-assisted laparoscopic surgery
is increasingly being adopted for the treatment of duplex anoma-
lies, and recent studies have reported excellent results with
RALUU. Our experience coincides with the evolution of world-
wide approaches to these anomalies. Seven patients underwent a
partial nephrectomy of the non-functioning upper moiety. Over
the last 4 years, we have approached all pediatric patients with du-
plex anomalies associated with the ectopic ureter of the upper moi-
ety without VUR of the lower pole or those with VUR of the lower
pole without upper ureter pathology exclusively with RALUU, re-
gardless of the function of the affectedmoiety.We also applied this
approach to adult patients. Forty percent of patients with ectopic
ureter of the upper moiety and 1 patient with VUR of the lower
moiety have had less than 20% of renal function of the associated
moiety. All patients were asymptomatic during the follow-up, fur-
ther justifying this approach in the adult population. It is important
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to bear in mind that a significant difference in the diameter of the
recipient and donor ureters that we frequently see in these cases
is not a contraindication for RALUU, since end-to-end anastomo-
sis is very durable in these cases, as has been proven previously.[18]

A laparoscopic robot-assisted approach can also be used in pa-
tients requiring ureteral reimplantation. We recently published re-
sults with our ureteral reimplantation technique, which we found
to be extremely convenient in adult patients with a significantly di-
lated ureter.[7] Extravesical ureteral dissection with the creation of
a transverse submucosal tunnel allows for anti-refluxing anasto-
mosis and avoids kinking of the ureter.

This study had a few limitations. Most of the data were collected
retrospectively, and the paper suffers from all the flaws in this kind
of study. We have not presented a meaningful statistical inference;
however, this is a descriptor and sharing of our experience; therefore,
no such analysis is required. Some patients in this study reported
normal prenatal US findings; however, US was performed at the
beginning of the learning curve with a prenatal diagnosis, and some
findings may have been missing during the examination. The data
were collected from 2 departments, although the treatment and
follow-upwere similar in both services. Some differences existed that
may have influenced the follow-up outcome. We have adopted the
robotic approach in our practice over the last 6 years, and obviously,
our follow-up after these patients is shorter compared with either
the open or laparoscopic technique. However, since we were pleased
with the former techniques and we strictly followed the same prin-
ciples as the open surgical techniques during robotic surgery, we
do not expect any deviations from the expected follow-up in these
patients.
5. Conclusions

Patients with CAKUT present with clinical symptoms later in life.
The parents of patients diagnosed during fetal screening and
treated conservatively should be aware of this possibility, and chil-
dren should be appropriately counseled when they enter adoles-
cence. Similar surgical skills and operative techniques used in the
pediatric population may be applied to adults.
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