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Abstract

Objective

Most children with congenital megaureter show improvement without surgery. However, in cases of 

aggravation of hydronephrosis, deterioration of differential renal function (DRF), or recurrent urinary 

tract infection (UTI), ureteral reimplantation surgery is considered as a treatment option. Through the 

application of the mini reimplantation technique, which does not involve the antireflux technique, 

surgeons can avoid difficulties in tapering and reimplanting largely dilated megaureters into a small 

bladder. However, the safety and effectiveness of mini reimplantation are relatively controversial. This 

study evaluated the long-term clinical outcomes of patients who underwent mini reimplantation. 

Moreover, we compared the surgical outcomes of patients who underwent mini reimplantation with 

those of patients who underwent classical tapered Cohen’s reimplantation.

Methods

The medical records of 50 children who were diagnosed with congenital megaureter and who 

underwent ureteral reimplantation between 1999 and 2014 were reviewed retrospectively. The patients 

were divided into two groups. Group A underwent classical reimplantation, and Group B underwent 

mini reimplantation. Surgical success rate was defined as the maintenance or reduction of DRF to <5% 

without a history of febrile UTI. The laterality of megaureters, age at the time of surgery, serum 

creatinine levels, anteroposterior renal pelvic diameter, DRF on DMSA or MAG-3 renal scan, mode of 

surgical intervention, the presence or absence of vesicoureteral reflux, Society of Fetal Ultrasound grade 

of hydronephrosis, and pre- and postoperative events of febrile UTI were analyzed.

Results

The mean age at the time of surgery was 25.9 months, and 35 patients (44 renal units) were boys (70%); 

39 and 19 renal units were in Groups A and B, respectively. Male sex was predominant and accounted 

for 74.4% and 73.7% of patients in Groups A and B, respectively. The mean follow-up duration after 

surgery was 38.4 months, and 94.9% of operations were successful in the mean follow-up duration 

Seven renal units (11.8%), including one renal unit of the three unsuccessful cases, exhibited UTI at a 

median of 2 months postoperatively. The postoperative UTI rate of patients with obstructive and 

refluxing megaureter was significantly higher compared with that of patients without obstruction and 

reflux but not statistically significant. Age at the time of surgery in Group A was significantly higher 
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compared with that in Group B. Multivariate regression analysis did not reveal any significant 

predictors of surgical failure and UTI.

Conclusions

Mini reimplantation technique in children with congenital primary megaureter and a relatively small 

bladder does not result in surgical failure. Hence, unnecessary surgical procedures can be avoided with 

this technique.

List of Abbreviations: DRF, differential renal function; UTI, urinary tract infection; UVJ, ureterovesical 

junction; BAPU, British Association of Paediatric Urologists; SFU, Society of Fetal Ultrasound.
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Introduction

Megaureter is defined as a ureter whose diameter exceeds the normal range. The normal ureteral 

diameter is rarely >5 mm,[1] whereas ureters wider than 7–8 mm can all be considered as megaureters[2]

based on measurements in fetuses with a gestational age of >30 weeks and children aged younger than 

12 years.[3] Primary megaureter results from a functional or an anatomical abnormality involving the 

ureterovesical junction (UVJ), whereas secondary megaureter results from abnormalities involving the 

bladder or urethra, such as the posterior urethral valves and neurogenic bladder. Unlike the 

nonobstructive types, the obstructive types of primary megaureter are remarkably significant due to a 

greater possibility of causing symptoms and decreasing renal function. A primary obstructed megaureter 

is diagnosed in the presence of hydroureteronephrosis on ultrasonogram with decreasing differential 

renal function (DRF) on nuclear renogram. The nonoperative management of primary nonrefluxing and 

refluxing obstructed megaureters has been described as safe and effective in some studies. An initial 

DRF of <40%, especially when associated with massive hydroureteronephrosis, and a failure of 

conservative management are indications for surgical treatments such as endoscopic dilatation, 

cutaneous ureterostomy, and excision of the distal obstructive ureteral segment followed by ureteral 

reimplantation.[4]

However, given the notably enlarged diameter of the ureter, classical ureteral reimplantation can be 

extremely difficult in small infants or children with primary megaureter and a relatively small bladder 

capacity. Recent studies of primary obstructed megaureters have reported that refluxing reimplantation, 

so-called “mini reimplantation,” can be useful.[4-6] According to the consensus statement of the British 

Association of Paediatric Urologists (BAPU), mini reimplantation can be considered as a treatment 

option for temporizing JJ stents and cutaneous ureterostomies. In this type of reimplantation, the 

intravesical ureter length is not sufficient or no antireflux technique is applied, and megaureters are 

reimplanted into the bladder as a nipple valve. By performing this mini reimplantation technique, 

surgeons can avoid the difficulties in tapering and reimplanting largely dilated megaureters into a small 

bladder. However, the safety and effectiveness of mini reimplantation are relatively controversial. 

Therefore, in the present study, we assessed the long-term clinical outcomes of patients who underwent 

mini reimplantation to determine the safety and effectiveness of this surgical procedure. Moreover, the 

surgical outcomes of patients who underwent mini reimplanation were compared with those of patients 

who underwent classical tapered Cohen’s reimplantation with the application of the Paquin’s law.
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Materials and methods

The medical records of 50 children (58 renal units) who underwent ureteral reimplantation for 

congenital primary megaureter between 1999 and 2014 were analyzed retrospectively. Antireflux 

reimplantation was performed using Cohen’s method, and Paquin’s procedure was applied. The 

reduction of the diameter of megaureter was achieved using Kalincinski’s procedure. In cases of severe 

megaureter with a small bladder capacity, mini reimplantation was performed with an insufficient 

intravesical ureter length after the surgery or without a reduction of the ureter diameter. Figure 1 shows 

a refluxing reimplantation procedure for UVJ obstruction. [6] Figure 2 shows an example of a largely 

dilated megaureter with a relatively small bladder capacity.

Megaureters were reimplanted as a nipple valve without ureteral tailoring or advancement in mini 

reimplantation. A Pfannenstiel incision was made, and the ureter was approached intravesically.

The reviewed patients were divided into two groups. Group A underwent classical reimplantation, and 

Group B underwent mini reimplantation. In this study, patients with an insufficient submucosal tunnel 

length who underwent classical Cohen’s reimplantation were classified as the mini reimplantation group. 

The laterality of the megaureters, age at the time of surgery, serum creatinine levels, anteroposterior 

renal pelvic diameter, DRF on DMSA or MAG-3 renal scan, mode of surgical intervention, the presence 

or absence of vesicoureteral reflux, Society of Fetal Ultrasound (SFU) grade of hydronephrosis, febrile 

UTI events before and after surgery, and ureteral diameter measured on ultrasonogram were analyzed. 

Febrile UTI events were investigated through a medical examination or confirmed through a positive 

urine culture and the presence of high fever. Surgical success rate was defined as a maintenance or 

reduction of DRF to <5% without a history of febrile UTI. The DRF was evaluated at 6 and 12 months 

after surgery. Univariate and multivariate logistic regression analyses were performed for evaluating 

the success of surgery.
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Results

Fifty patients (58 renal units) with congenital primary megaureter who were managed with ureteral 

reimplantation were assessed retrospectively. Fifty renal units underwent classical Cohen’s 

reimplantation, whereas eight renal units were managed using refluxing ureteral reimplantation or mini 

reimplantation. These patients were divided into Groups A and B. Table 1 shows the preoperative 

clinical features. The mean age at the time of surgery was 25.9 months, and 35 patients (70%, 44 renal 

units) were boys; 39 and 19 renal units were in Groups A and B, respectively. Eleven renal units that 

underwent Cohen’s classical reimplantation were classified as Group B due to an insufficient 

submucosal tunneling length. In both Groups A and B, male sex was predominant and accounted for 

74.4% and 73.7% of patients, respectively. The laterality displayed left-sided dominance in both the 

groups. Two ectopic ureter cases and three single kidney cases were recognized, and all of these cases 

belonged to Group A. Table 2 shows the postoperative clinical features. The mean follow-up duration 

after surgery was 38.4 months, and 94.9% of operations were successful in the mean follow-up duration. 

Seven renal units (11.8%), including one renal unit among the three unsuccessful cases, exhibited UTI 

at a median of 2 months after surgery. The postoperative UTI rate of patients with obstructive and 

refluxing megaureters was significantly higher compared with that of patients without obstruction and 

reflux but not statistically significant (42.9% vs. 28.8%, p = 0.664). Sex distribution, preoperative 

vesicoureteral reflux, UTI occurrence, serum creatinine levels, and relative renal function did not differ 

between the two groups. Hydronephrosis according to SFU scores, anteroposterior renal pelvic diameter, 

and ureteral diameter also showed no differences between Groups A and B. Age at the time of surgery

in Group A was significantly higher compared with that in Group B (29.5 vs. 5.0 months, p < 0.001). 

Ureteral tailoring and antireflux techniques were applied more frequently in Group A than in Group B 

(90.0% vs. 66.7%, p = 0.095). Multivariate regression analysis did not identify any significant factors 

for predicting the occurrence of surgical failure and UTI (Table 2).
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Discussion

According to the BAPU consensus statement, the therapeutic recommendation for newborns with 

megaureter who were prenatally diagnosed with hydroureteronephrosis is an ultrasound investigation 

with a diureteric renogram once bladder outlet obstruction and VUR have been excluded, along with 

antibiotic prophylaxis. The indications for surgical management of megaureter include symptoms such 

as febrile UTI and flank pain and a DRF of <40% or decreased DRF on serial diureteric renogram in 

asymptomatic patients. The BAPU recommends ureteral reimplantation in patients aged older than 1 

year, but this procedure may be difficult to perform in infants. In these patients, refluxing reimplantation 

or mini reimplantation technique was proposed as an alternative procedure. To avoid a technically 

difficult antireflux reimplantation, mini reimplantation was proposed by Dr. Lee, and several other 

researchers have favored mini reimplantation in infants, stating that they would prefer to perform a mini 

reimplantation instead of performing ureterostomy. However, some other authors did not favor mini 

reimplantation. De Jong et al.[6] did not prefer this intervention because obstructed megaureters are 

converted to refluxing megaureters and could influence the kidney function in the future.

In the present mini reimplantation technique, the bladder is intravesically approached,[7] and the 

detrusor muscle is repaired behind the ureter. The ureteral orifice is reimplanted at the native position 

without ureteral tailoring or advancement. The bladder mucosa is repaired cranial to the ureteral orifice, 

which provides a modest submucosal tunnel length of twice the ureter diameter between the mucosa 

and the repaired detrusor. Considering that the tunneling of the ureter is much easier to perform than a 

classical Cohen’s reimplantation, technical difficulties can be avoided in infants or children with 

megaureter and a relatively small bladder. Figure 3 illustrates a successful case of mini reimplantation. 

Magnetic resonance imaging and ultrasound scans revealed a severely dilated ureter and hydronephrosis 

with incomplete duplication of the left urinary system. There was an abrupt narrowing in the left UVJ. 

During the surgery, we detected incomplete duplication of the left ureter communicating in distal with 

a diameter of 1.5 cm each. Ureteroureterostomy was performed at the proximal portion of the left ureter. 

After the excision of the aperistaltic segment, a largely dilated ureter with a diameter of 1.5 cm was 

reimplanted into the bladder with a submucosal tunneling length of 3 cm. The ureteral tailoring 

technique was not applied. Due to an insufficient submucosal tunneling length that did not satisfy 

Paquin’s law, this case was categorized into the mini reimplantation group. The 1-year postoperative 

follow-up ultrasound scan revealed a notable improvement of hydronephrosis (Figure 4). A follow-up 

MAG3 renal scan performed at 5 years after the surgery showed mildly decreased left kidney uptake 

with a DRF of 42.5% (preoperative DRF, 25%). Similar to Dr. Lee’s concept of mini reimplantation, 
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we consider that mini reimplantation could yield favorable clinical outcomes.

In the present study, 50 patients (58 renal units) who underwent reimplantation were reviewed 

retrospectively; 39 and 19 renal units were included in Groups A and B, respectively. Both the groups 

exhibited a similar surgical success rate of 76.9% and 73.7%. Younger age was the only statistically 

significant factor leading to surgical failure. The strength of this study is that it demonstrated the 

usefulness of mini reimplantation by reporting similar surgical success rates to that with classical 

Cohen’s reimplantation. The follow-up period was sufficient for demonstrating that mini reimplantation 

technique was tolerable without resurgery or other interventions. Our results support the notion that 

mini reimplantation (with the creation of vesicoureteral reflux) in infants or children with congenital 

primary megaureter and a relatively small bladder does not result in surgical failure and can avoid 

unnecessary surgical procedures.
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Table 1. Preoperative clinical features: anti-reflux technique or mini reimplantation

Anti-reflux (+) Anti-reflux (–) p Value

Number of renal units 39 (%) 19 (%)

Sex (male %) 29 (74.4%) 14(73.7%) 0.508

Age (months) 27.4 ± 42.3 23.4 ± 34.1 0.453

Laterality (right %) 38.5(%) 31.6 (%) 0.801

Bilateral (%) 30.8 (%) 31.6 (%) 0.533

Obstructed and refluxing or refluxing (%) 11 (28.2%) 6(31.6%) 0.402

Ectopic ureter 2 (3.8%) 0 (0%) 1.000

Single kidney (%) 3 (5.7%) 0 (0%) 1.000

Preop creatinine (mg/dL) 0.4 ± 0.2 0.6 ±0.4 0.876

Preop HN (SFU grade) 2.4 ± 1.1 3.1 ± 1.0 0.256

Preop APPD (mm) 15.1 ± 8.0 9.9 ± 6.2 0.124

Preop ureteral diameter (mm) 10.8 ± 4.6 11.1 ± 8.1 0.899

Preop UTI (%) 21 (53.8%) 15 (79.9%) 1.000

Preop UTI frequency (event/mo) 1.0 ± 1.6 1.4 ± 1.2 0.305

Preop relative renal function (%) 46.1 ± 19.7 47.1 ± 21.6 0.865
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Table 2. Postoperative clinical features : anti-reflux technique or mini reimplantation

Anti-reflux (+) Anti-reflux (–) p Value

Hospital stay (days) 12.8 ± 11.9 17.1 ± 9.9

F/U duration (months) 48.3 ± 37.1 34.1 ± 31.2

Postop creatinine change (mg/dL) 0.0 ± 0.2 0.1 ± 0.2

Postop HN (SFU grade) 1.5 ± 0.9 1.7 ± 1.0

Postop HN (SFU grade) difference –1.7 ± 1.1 –0.9 ± 0.7

Postop APPD (cm) 7.4 ± 4.6 8.1 ± 5.4

Postop APPD difference (mm) –9.7 ± 7.4 –2.8 ± 3.0

Postop ureteral diameter (mm) 5.7 ± 2.3 8.0 ± 4.6

Postop UTI (%) 4 (10.3%) 4 (21.1%)

Success (%) 30 (76.9%) 14 (73.7%)
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Table 3. Univariate and multivariate binary logistic regression analyses for the success rate of surgery.

Univariate
p-value

Multivariate

OR (95% CI) p-value

Sex (male %) 0.268

Age (months) 0.049 0.83(0.68-0.95) 0.037

Single kidney (%) 1.000

Laterality (right %) 0.964

Obstructed and refluxing or refluxing  type (%) 1.000

Preop creatinine (mg/dL) 0.139 0.08(0.00-1.58) 0.149

Preop HN (SFU grade) 0.381

Preop APPD (mm) 0.243

Preop ureteral diameter (mm) 0.532

Preop UTI (%) 0.153

Preop UTI frequency (event/mo) 0.630

Preop relative renal function (%) 0.859

Hospital stay (days) 0.926

F/U duration (months) 0.522

Ureteral tailoring performed (%) 0.460

Anti-reflux technique performed (%) 0.787
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Figure 1. Illustration of refluxing reimplantation for ureterovesical junction obstruction
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Figure 2. Largely dilated megaureter (white arrow) with a relatively small bladder (blue arrow) 
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Figure 3. (A) Preoperative MRI; incomplete duplication of the left urinary system with severe 

hydroureter and hydronephrosis (black arrow) as well as stenosis of the left UVJ or distal ureter

(white arrow)
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Figure 3. (B) : Preoperative ultrasound; severe hydroureter and hydronephrosis
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Figure 3. (C) : Preoperative ultrasound; incomplete duplication of the left ureter with left UVJ 

obstruction
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Figure 4. (A) Follow-up ultrasound scan at 1 year after the surgery; markedly improved 

hydronephrosis
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Figure 4. (B) Follow up ultrasound scan at 1 year after the surgery; no hydroureter observed
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국문요약

폐색성 거대요관으로 요관방광재문합술을 시행 받는 환자들 중 일부는 방광의 상태나 요관의 크

기로 인해 항역류술식을 시행하지 않거나 항역류술식을 시행하더라도 요관구 직경대비 점막하 요

관의 길이가 충분하지 않게 요관 이식이 시행되는 경우가 있다. 본 연구에서는 이들의 임상경과

를 알아보고 항역류술식의 적용 여부가 수술 결과 및 신장기능에 미치는 영향에 대해 알아보고자

한다. 

본원에서 1999년부터 선천성 거대요관 진단 후 요관방광재문합술을 시행한 환자 50명(58 신단위)

의 의무기록을 후향적으로 조사하였다. 요관방광문합술은 Cohen 또는 Paquin 술식을 적용하였고

요관 축소는 Kalicinski 술식으로 시행하였다. 수술 시 mini reimplantation (요관 축소 없이 nipple 

valve로 요관이식을 하였거나 점막하 요관길이가 요관구 대비 충분하지 않은 경우)을 시행한 A군

과 항역류술식을 시행받은 B군간의 수술 전후 인자 및 수술 성공률, 수술 후 요로감염 발생 여부

등을 조사하였다. 수술 후 수신증 등급이 호전 또는 유지되면서 상대신기능이 5% 이상 감소하지

않고 수술 후 열성 요로감염이 발생하지 않은 경우를 수술 성공으로 정의하였다. 

수술 시 나이는 평균 25.9개월이었고 남아가 35명 (70.0%)였으며 수술 전 원위부요관직경은

15.0(6-34)mm 였다 (Table1). 수술 후 평균 38.4(1~120)개월간 추적관찰 시 수술 성공율은 94.9% 였

다. 수술이 성공하지 못한 3신단위 중 1신단위를 포함한 7신단위(11.8%)에서 술 후 중위 기간 2(1-

110)개월에 요로감염이 발생하였다. 폐색성, 역류성 거대요관인 경우 술 후 요로감염 발생율이 높

았으나 (42.9% vs 28.8%, p=0.664) 통계적 유의성은 없었다. 요로감염 발생군에서 비발생군에 비해

수술 후 요관직경의 감소가 더 작았다 (-5.8 vs -11.3mm, p=0.003). A군 (39신단위)과 B군(19신단위)간
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의 성별, 수술 시 나이, 방광요관역류 동반 여부, 요로감염횟수, 혈중 크레아티닌, 상대신기능, SFU 

등급, 전후신우직경, 전후요관직경은 두 군간 차이가 없었다. 다변량 회귀분석에서는 어린 연령이

수술 실패의 유일한 예측 인자였다 (Table2). 

선천성 거대요관 환자에서 요관 직경이 매우 크고 방광 상태 등에 따라 항역류술식을 시행하기

어려운 경우 mini-reimplantation 술식은 다른 술식보다 적용하기 쉽고, 안전하고 높은 수술성공율

을 제공할 수 있으므로, 수술 후 요로감염이나 폐색의 발생이 없다면 재수술 없이 장기 추적관찰

이 가능할 것으로 판단된다.

중심단어: 거대요관, 역류성요관방광재문합술, 수술성공률
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