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CASE REPORT

Violations of Weigert-Meyer Rule: A Case Report and

Review of Literature
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ABSTRACT @ oPeN AccESS

Duplication of the urinary collecting system with two ureters draining the kidney is a common
congenital disorder of the urinary tract. The well-known Weigert-Meyer rule predicts the pattern of
ureteral insertion into the bladder relative to the upper and lower poles of the kidney in a duplicated
collecting system. We describe a case of a 19-month-old boy with a history of febrile urinary tract
infections, vesicoureteral reflux into the upper pole of a duplicated collecting system, and ureteral
insertion violating the Weigert-Meyer rule. In this case, both ureteral orifices were located within the
bladder; however, the upper-pole ureter inserted cranially and laterally to the lower-pole ureter,
resulting in a complete reversal of the expected Weigert-Meyer relationship. The patient subsequently
underwent a successful common sheath extravesical left ureteral reimplantation for management of
vesicoureteral reflux. This report expands the spectrum of known exceptions to the Weigert-Meyer
rule and emphasizes the value of detailed endoscopic and radiographic assessment in complex
duplicated collecting systems.

Keywords: Weigert-Meyer rule, urinary tract duplication, duplex kidney, vesicoureteral reflux, case
report.
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Introduction

The most common congenital ureteral anomaly is a duplex collecting system with two ureters draining a
single kidney, either in complete or incomplete forms 2. The majority of individuals will have a unilateral
duplicated collecting system, with equal distribution of laterality 2. Prevalence of a duplicated collecting
system is slightly more common in females as compared to males 2. Although a duplicated collecting system
can be asymptomatic and incidentally diagnosed, some patients will present with hydroureteronephrosis,
vesicoureteral reflux (VUR), urinary incontinence, urinary tract infections (UTI), or compromised renal

function. 3*

During embryogenesis, approximately weeks 4-6, the mesonephric (Wolffian) ducts give rise to the ureteric
buds. In cases of ureteral duplication, two buds originate from a single mesonephric duct. During their
subsequent migration, the positions of the ureteral orifices reverse with the caudal bud inserting more
cranially into the bladder, and the cranial bud migrating to a lower and more medial location, resulting in a
characteristic crossing of the ureters °. The exact mechanism underlying the formation of multiple ureteric
buds remains unclear; however, studies suggest that dysregulation of the glial cell line—derived neurotrophic
factor (GDNF)/RET signaling pathway may contribute to this developmental anomaly ¢. The Weigert-Meyer
rule, based on the embryology and development of a duplicated collecting system, was first introduced
about a century ago to describe the pattern of insertion and drainage of the ureters into the bladder.
Accordingly, the ureter draining the superior pole of the kidney lies more caudal and medial to the normal
ureteric insertion, while the ureter emanating from the kidney’s lower pole crosses the upper pole ureter
and enters more lateral and cephalad. The ectopic insertion of the upper pole ureter can present with
hydroureteronephrosis related to obstruction from the caudal or ectopic ureteral insertion or from a
ureterocele. The lower pole ureter is generally associated with vesicoureteral reflux due to lateral insertion
and shorter intramural detrusor tunnel . There can be vesicoureteral reflux into the upper pole ureter if it
inserts ectopically into the bladder neck or urethra. Ultrasonography, as a noninvasive and cost-effective
imaging modality, can serve as the initial diagnostic tool in patients with suspected duplication of the renal
collecting system. Voiding cystourethrography (VCUG) can further complement the radiologic evaluation by
assessing for the presence of vesicoureteral reflux . Here we describe an interesting case of a duplicated
collecting system with caudal and medial insertion of the lower pole ureter and lateral insertion of the upper
pole ureter, with associated vesicoureteral reflux, violating the Weigert-Meyer rule. Reporting such rare
anatomic variations may improve recognition of atypical duplicated collecting systems and contribute to a
better understanding of the limitations of the Weigert-Meyer rule.

Case Presentation

The patient is a 19-month-old boy who initially was referred to pediatric urology at 1 month old following a
febrile UTI at 16 days old. At the time of the first infection, the patient was treated with amoxicillin based
on urine culture sensitivities and he defervesced. Renal ultrasound revealed a normal right kidney and
duplex left kidney with mild upper and lower pole hydronephrosis, SFU grade 1, with left distal hydroureter
(figure 1a and b).
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Figure 1. Ultrasound of the duplex left kidney (A), left distal hydroureter, and bladder (B).

He was started on cephalexin prophylaxis and a voiding cystourethrogram (VCUG) was obtained at 2 months
of age which demonstrated a smooth-walled bladder, normal caliber urethra and grade 4 vesicoureteral
reflux into the left upper pole moiety (figure 2a and b). He had a subsequent febrile UTI at 2.5 months old.
Serial renal ultrasounds until 15 months of age demonstrated improved dilations to both upper and lower
moieties, though repeat VCUG (figure 2c) confirmed persistent grade 4 reflux into the upper pole. VUR into
the upper moiety raised concerns for potential ectopic upper pole ureter into the urethra or bladder neck.
Given the history of two febrile urinary tract infections as well as persistence of upper pole VUR in a
duplicated collecting system, shared decision making between the parents and physician was for operative
intervention with planned upper to lower pole ureteroureterostomy, diverting the upper pole ureter to drain
into the lower pole ureter. However, since the ectopic insertion was not clearly delineated on preoperative
imaging, decision was made to begin with cystoscopy and fluoroscopic evaluation of the ureters.

Figure 2. VCUG at 2 months (A and B) and 13 months (C) reveal grade 4 vesicoureteral reflux into the left upper

pole moiety.

Intraoperatively, cystoscopy revealed two left ureteral orifices along the trigone (figure 3a). Retrograde
pyelogram of lateral (figure 3b) and medial (figure 3c) ureteral orifices demonstrated a left upper pole
ureteral orifice entering laterally and cranially to the left lower pole ureteral orifice, which was medial and
caudal, contradicting the traditional Weigert Meyer rule (figure 4). Given that the upper pole was not ectopic
and both ureteral orifices were intravesical, decision was made to address the VUR with a common sheath

extravesical left ureteral reimplantation.
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At follow up for 2 years after surgery, renal ultrasound demonstrates no residual dilation or renal scarring,

and the patient remains free of recurrent UTls.

Figure 3. Cystoscopy demonstrates two left ureteral orifices along the trigone and a wire entering into the left
lower pole (A). Retrograde pyelogram of lateral (B) and medial (C) ureteral orifices reveal a duplicated left
collecting system with upper- and lower-pole ureteral insertions that violated the classic Weigert-Meyer rule.

Upper Pole of Left Kadney

Ureter Draining Upper Pole Lower Pole of Left Kadney

Bladder

Ureter Draining Right Kidney  e—p

Orthotopsc Ureteral Onifice _T.

‘* Cranial and Latera! Ureteral Onfice
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Figure 4. Duplicated left collecting system demonstrating a violation of the Weigert-Meyer rule, with reversed

upper- and lower-pole ureteral orifice positions despite crossed ureters; the upper-pole ureter was associated

with vesicoureteral reflux.
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Discussion

While the ureteral location as described in the Weigert—-Meyer rule is a common finding, violations of the
Weigert-Meyer rule have been reported. Although the original rule describes the relative ureteral insertion
from the upper and lower poles of a duplex collecting system, some publications have characterized
“violations of the rule” based on functional or radiologic findings rather than true anatomic deviation. To
address this heterogeneity and facilitate a more systematic interpretation, we have categorized reported

cases into anatomic and functional groupings.

TRUE ANATOMIC VIOLATION

We reserve the term “true anatomic violation” exclusively for cases demonstrating a reversal of the
expected anatomic or embryologic relationships. Within this category, the most commonly observed
patterns include cranio-caudal polarity reversal of the upper-pole ureter, latero-caudal polarity reversal of
the lower-pole ureter, and ectopic insertion of the lower-pole ureter with associated obstruction.

1. Cranial Insertion of the Upper-Pole Ureter

An exception to the Weigert-Meyer rule was first recorded in 1911 by Dr. Kerr who presented autopsies of
five male corpses with complete duplicated ureters and a violation in one of the series. In that case, the
upper pole ureter was dorso-superior to the orifice of lower pole ureter . In 1949, Lund reported another
violation of the rule in a 39-year-old woman who had presented with flank pain. Retrograde pyelography
demonstrated a complete duplication of the left collecting system, though the two left ureters were
uncrossed and the upper pole ureter inserted in a cranial and slightly medial position relative to the
corresponding orthotopic orifice ''. Subsequently, Stephens reported several cases of duplicated ureters,
and in at least one case the upper-pole ureter inserted cranial in the bladder than the ureter draining the
lower moiety ’. Ahmed documented a case of an uncrossed complete ureteral duplication in 1981. In this
case, an ectopic upper pole ureter originated from a non-functional moiety and ended cranially into the
bladder, while the hydronephrotic lower pole megaureter inserted into the orthotopic ureteral location,

caudal to the ectopic upper pole ureteral orifice 2.

2. Ectopic Insertion of the Lower-Pole Ureter

Other case reports in 1988 and 1997 describe ectopic lower pole ureters of duplicated collecting systems
inserting into the ipsilateral epididymis and vas, respectively *'*. Mishra and Elliott reported a 42-year-old
male who was incidentally noted to have an ectopic lower pole ureter tracking into the scrotum during an
inguinal hernia repair . Baroudi et al. reported on a 23-year-old pregnant woman who presented with a
vaginal mass and a left duplicated collecting system. The left upper pole ureter inserted ectopically into the
anterior vaginal wall and was associated with a ureterocele. The lower-pole ureter also inserted ectopically,
near the contralateral ureteral orifice, without associated VUR. '¢. Stormont et al. published on a 7-day-old
male infant who was referred for a right duplicated collecting system with orthotopic and ectopic ureters

draining a normal upper and dilated lower pole collecting system, respectively. The proximal lower pole
ectopic ureter was excised to the level of the iliac vessels, but its distal insertion could not be identified ".

3. Inferolateral Insertion of the Lower-Pole Ureter
A case report from 1951 described a 36-year-old man with bilateral duplicated collecting systems.

Retrograde pyelography of the right ureteral orifices demonstrated that the lower pole ureter crossed the
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upper pole ureter and entered the bladder in a more lateral and caudal position than that of the upper-pole
ureter 8. Jain et al. reported on a 10-year-old boy presenting with intermittent periumbilical pain and was
diagnosed with a left duplicated collecting system with a dysplastic lower pole moiety and uncrossed
duplicated ureters. In the reported case, an orthotopic ureter drained the upper moiety, whereas the lower
pole ureteral orifice was located more laterally and caudally and the patient was managed with a lower pole
heminephrectomy . A report in 2019 described a 23-year-old patient with recurrent UITs and flank pain
and Magnetic resonance imaging (MRI) revealed an uncrossed left ureteral duplication with a normal upper
pole and dilated lower pole with associated megaureter inserting into the bladder in an inferolateral
position. Heminephroureterectomy was performed with resolution of the UTI and sporadic flank pain &. More
recently, Sharma et al. reported a 48-year-old man who presented with abdominal and pelvic pain. Imaging
revealed a duplicated left renal collecting system with two ureters inserting into the bladder. The anatomy
violated the Weigert-Meyer rule, as the lower-pole ureteral orifice was located anteroinferior and lateral to
the upper-pole ureteral orifice 2.

FUNCTIONAL VIOLATION

In this category, the anatomic configuration of the duplex collecting system follows the Weigert-Meyer rule,
though the functional behavior of the ureters, such as the presence of obstruction or vesicoureteral reflux,
does not conform to traditional clinical expectations. Yang et all reported on a 47-year-old patient with right
sided flank discomfort and evaluation revealed a normal upper one-third renal pelvis and its associated
ureter, though the rest of the duplicated renal malformation was “hydrolyzed” and lower pole ureter was
dramatically dilated ?'. Guitynavard et al. reported on a 30-year-old female presenting with chronic right
flank pain and imaging indicated a right duplicated collecting system. A cystic lower pole segment with
calcifications was identified and surgically removed. In this case, the upper-pole ureter appeared normal,
while the lower-pole ureter was obstructed and dilated °. Zamani et al. communicated a case which was
introduced as a reversal of the rule due to renal obstructing stone in the inferior ureteropelvic junction. Their
findings on intravenous pyelogram (IVP) represented a normal upper moiety #.

NON-APPLICABLE VARIANTS

As described above, the Weigert-Meyer rule applies specifically to duplex collecting systems and predicts
the relative positions of the two ureters draining the upper and lower renal moieties. Cases that do not meet
these anatomic criteria cannot be evaluated within this framework and should therefore be considered
limitations of the rule rather than true violations.

Kagantsov et al. described a 12-year-old girl with a presumed paraovarian cyst that was ultimately identified
as an atretic and dilated right lower-pole ureter. This ureter drained a hypoplastic lower renal segment with
no visible parenchyma #. Esfahani et al. reported on two cases of nonpolar kidney duplication rather than
the typical vertical, cranial-caudal duplication. They describe two girls, 3-month-old and 15-year-old, in
which intravenous pyelogram (IVP) demonstrated the infant’s side-to-side renal duplication, without
obstruction. Medial and lateral moiety’ ureters were bifid, joining in the lower abdomen and entering the
bladder as a normal single ureter. In the 15-year-old case, a left interpolar renal duplication was detected.
The ureter of this interpolar moiety, lying in between the upper and lower calyces of the orthotopic moiety,
projected laterally to the medial moiety ureter, but joined it distally ?*. Sion et al. reported a 42-year-old

man who presented with intermittent gross hematuria and flank pain and diagnostic imaging revealed
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ureteral triplication. The authors noted that, in this setting, the Weigert-Meyer rule was not reliably
applicable . Admittedly, published case reports of supernumerary kidneys have shown that the Weigert—
Meyer rule cannot be reliably applied in this setting %.

Conclusion

To our knowledge, we present the first documented case of a complete reversal of the Weigert-Meyer rule
and provide a review of the literature on previously reported violations. In our case, the left-sided duplicated
collecting system contradicts the Weigert—-Meyer rule, with two intravesical ureteral orifices. The lower-pole
ureter inserts medially and caudally, whereas the upper-pole ureter enters cranially and laterally and was
associated with vesicoureteral reflux. Consequently, the relative positions of the ureteral orifices were
completely reversed, although the ureters remained crossed. A review of the literature demonstrates how
this rule might not be applicable to all patients and describes the different presentations. Consequently,
urologists, and specifically pediatric urologists, should be alerted about deviations in presentation and not
completely rely on the statement as a restricted law.
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