PEDIATRIC RADIOLOGICAL CASE

Modified Davis Intubated Ureterotomy
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Abstract

Patients with ureteral injuries who lack enough tissue to perform reanastomosis or a transureteroureterostomy are candidates
for a modified Davis Ureterotomy. The minimally invasive Davis Ureterotomy can effectively bridge large and small ureteral

defects.
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Case Summary

A teenager with a malignant left
retroperitoneal paraganglioma, with bone
metastases including vertebrae and skull,
ultimately underwent surgical resection
of the retroperitoneal mass. Six weeks
post resection, on a follow-up ultrasound,
there had been interval development of left
hydronephrosis and a large left retroper-
itoneal fluid collection, confirmed to be
aurinoma on a CT of the abdomen and
pelvis. A percutaneous left nephrostomy
tube was placed, as well as a percuta-
neous drainage catheter in the retroper-
itoneal urinoma. There was inability to
traverse the ureteral defect viaaretrograde
approach, and. a modified percutaneous
Davis intubated ureterotomy (DIU) was
successfully performed to traverse the
ureteral defect from an antegrade and
retrograde approach.

Imaging Findings

A multiphase contrast enhanced CT of
the abdomen and pelvis obtained 6 weeks
post left retroperitoneal mass resection

demonstrated moderate left hydronephro-
sis and extravasation of contrast from

the proximal left ureter into a large

left retroperitoneal urinoma on delayed
images (Figure la-c). There was no
opacification of the distal ureter. A
percutaneous left nephrostomy tube was
then placed as well as a percutaneous
drainage catheter into the urinoma (Figure
2). Subsequently, a percutaneous Davis
intubated ureterotomy was performed,
with placement of a double-J ureteral stent
traversing the ureteral defect, allowing for
antegrade flow of urine from the renal
pelvis into the bladder and healing of the
proximal ureteral defect (Figures 3a-c, 4).

Diagnosis

Laceration/discontinuity of the
ureter post resection of a retroperito-
neal paraganglioma.

Discussion

Historically, the Davis intubated
ureterotomy (DIU) was performed to treat
ureteral strictures.! In this case, there
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was injury of the proximal ureter at time
of resection of the retroperitoneal mass,
resulting in a urinoma and discontinuity
of the proximal ureter with an approxi-
mate 3 cm gap. Thus, a historical surgical
procedure to treat ureteropelvic junction
strictures, the DIU, was modified to create
a percutaneous solution. In the literature,
there are two separate cases of ureteral
intubation procedures for treatment of
iatrogenic injury and/or a traumatic injury
of the ureter.>® However, this appears to be
the first case using a modified percutane-
ous DIU to treat a segmental ureteral injury
at time of resection of a retroperitoneal
malignancy. This discussion will review
both the original procedural steps of the
DIU, as well as the histopathology of the
healing ureter.

The DIU was introduced in 1943.!
The procedure was used primarily to
treat obstructive ureteral strictures, more
commonly in patients in whom the ureter
was not long enough to resect the stricture
and repair the ureteral defect. In the
original Davis intubated ureterotomy,
surgical exposure of the kidney and ureter
was accomplished.’ An incision was made
in the renal pelvis above and through the
ureteral stricture below and a stent was
positioned acrossthe stricture and ureteral
defect. It was then left in place for 4 to 6
weeks.” Once the stent was removed, the
healed ureter would ideally have a lumen
diameter more comparable to that of a
healthy ureter.
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Figure 1. Multiphase CT abdomen/pelvis demonstrating urinoma (blue arrow) anterior and inferior to the hydronephrotic left kidney in the transverse
plane (A) and sagittal plane (B). Delayed image in the sagittal plane demonstrates contrast in the proximal left ureter (green arrow) and in the urinoma

(blue arrow).

Figure 2. Fluoroscopic save image during
contrast injection of the newly placed
nephrostomy tube, with extravasation of
contrast from the proximal ureter into the
urinoma (blue arrow).

Since its introduction, the intuba-
ted ureterotomy has been modified
to a percutaneous procedure using a

ureteroscope. Hibi describes perform-
ing percutaneous intubated ureterotomy
procedures by accessing the ureter via
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a nephrostomy and inserting a uretero-
scope. A holmium laser is used to make
incisions through the stricture enabling
passage of a ureteral stent into the distal
normal ureter to be left in place for 6
weeks.’ Other options for incising the
ureter stricture are also utilized, including
an Acucise balloon (Applied Medical,
Rancho Santa Margarita, California), cold
knife, and electrocautery.>* A percutane-
ous approach decreases the risks of an
open procedure, but it can also often

be easier for the patient and interven-
tional radiologist and surgeon.® This is
especially relevant for patients that have
strictures secondary to radiation therapy
or surrounding fibrosis and adhesions
would complicate exposing the ureter

in an open surgery.® In this case, the

DIU procedure was further modified by
Towbin and colleagues® using invasive,
image guided techniques that can be
adapted to treat ureteropelvic junction
(UPJ) strictures as well as ureteral injuries
ranging from tears to short segment
resections.’ In 2014 Liu and colleagues
described an alternative procedure using
an endoscope.’

In this situation, the ureteral repair
was approached antegrade and retrograde,
with urology accessing the distal ureter
from a retrograde urethral approach.
Sheaths and directional catheters over
wires were utilized antegrade and

retrograde, and the catheters positioned

at the junction of the proximal ure-

ter and urinoma from an antegrade
approach, and the cephalad aspect of the
distal ureteral segment from a retrograde
approach, under fluoroscopy. A loop snare
was deployed into the urinoma from

the retrograde approach, and an angled
guidewire advanced into the loop snare
from the antegrade approach (Figure
3a-b). Once the wire was snared, the
glidewire was withdrawn into and out

of the retrograde sheath, thus the wire
extended outside of the antegrade and
retrograde placed sheaths (a body floss).
Subsequently, a double-J ureteral stent
was advanced over the wire through the
retrograde sheath, through the ureteral
defect, and the proximal loop of the stent
positioned in the left upper pole calyx,
the caudad double-]J ureteral stent loop
positioned in the urinary bladder (Figure
3c). Additionally, the left nephrostomy
tube was replaced.

Thirteen days following double-J
ureteral stent placement, contrast
injection of the nephrostomy tube
demonstrated that contrast traversed the
stent lumen with opacification of the
urinary bladder, and there was not
extravasation of contrast into the urinoma.
The nephrostomy tube was removed
15 days following placement of the
ureteral stent. A retrograde pyelogram was
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Figure 3. Fluoroscopic save images during percutaneous intubated ureterotomy. (A) The loop snare is open (blue arrow) in the urinoma and placed

through the retrograde sheath, with the antegrade wire traversing the open snare (green arrow). (B) The snare is closed around the wire (blue arrow)
and the wire is being withdrawn into the retrograde sheath. (C) Double-J ureteral stent traversing the distal and proximal ureter (blue arrow) with the
proximal loop in the upper pole calyx (green arrow) which is opacified with contrast.

A

Figure 4. CT 3-D rendering of the left double-J
ureteral stent (blue arrow), obtained one day
after placement, with the proximal stent loop
in the intrarenal collecting system and the
distal loop in the urinary bladder.

Applied Radiology

performed 6 weeks following ureteral stent
placement, demonstrating opacification of
an intact ureter and nondilated intrarenal
collecting system. A proximal ureteral
stricture was identified 2 months following
the initial stent placement on a retrograde
pyelogram, and interval ureteral stent
exchanges were performed out to at least
12 months.

A minimally invasive, image guided
approach for repair of segmental ureteral
gaps is an increasingly important topic.
Since the introduction of laparoscopic
surgery, the rate of ureteral injury has
increased, and most injuries are identified
postoperatively.” The most common
urologic structure injured during pelvic
surgery is the ureter, with risk factors
including obesity, excessive bleeding,
enlarged uterus, and adhesions from
prior surgeries.®

The intubated ureterotomy is successful
because of the unique healing proc-
ess and regeneration capabilities of the

C

ureter. Research into the regeneration

process raised the question whether the
smooth muscle can completely regener-
ate either by muscle cell hypertrophy or
true replication.” Some studies found that
smooth muscle cells did not completely
regenerate around the circumference of
the ureter and instead the gap was

filled with connective tissue.>" Current
research has shown that there is a more
complete understanding of how ureteral
healing occurs. Uroepithelial regenera-
tion is the initial step in ureter heal-

ing, which usually occurs within the
first three weeks." The stent acts as

a guide to direct the epithelial growth

so that the gap is closed in an organ-
ized manner.’ Once the epithelium has
regenerated, this serves as a foundation
for the rest of the ureteral layers to grow.
It is believed that stent removal after
three weeks results in normal healing of
the ureter because the epithelium has
grown back at that point.'’ Next, the
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wound begins contracting and the gap is
filled with connective tissue.'>"” Lastly, the
fibroblasts in the connective tissue are
replaced by smooth muscle cells."” This
regeneration process is the foundation for
why intubation and stenting works well in
patients with ureteral injuries.

The reported success rate for a Davis
intubated ureterotomy approaches 89%.'
The rate of success using minimally
invasive techniques are likely similar,
however, no large series are available for
guidance. Complications include irregular
regeneration, diverticulum formation,
and obstruction secondary to strictures
or scarring. Other problems that can
be identified are infection, urinoma
formation, and loss of renal function.

Summary

Patients with ureteral injuries who lack
enough tissue to perform reanastomosis or
atransureteroureterostomy are candidates
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for a modified Davis Ureterotomy. The
minimally invasive Davis Ureterotomy
can effectively bridge large and small
ureteral defects.
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