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Percutaneous endoscopic
creation of a neoinfundibulum
for a calyceal diverticulum:
A case report and review of
the literature
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Introduction: Calyceal diverticula (CD) are cystic structures within the renal

parenchyma that likely result from inappropriate interaction between the

ureteric bud and metanephric blastema during development and, if obstructed,

may cause problems that include flank pain, urinary tract infections, gross

hematuria, or nephrolithiasis. Herein, we present the results of percutaneous

management of an obstructed calyceal diverticulum causing recurrent flank pain

and infections in a 17-year-old girl.

Case summary: Thepatient initiallypresentedwith febrilepyelonephritis, atwhich

time an ultrasound was concerned about an abscess versus an infected cyst. She

underwentpercutaneousdrainplacementwith IVantibioticsand improved.Three

years later, she re-presented with similar symptoms. After a similar treatment

course, a sinogram revealed communication of the cystic-appearing lesion with

the proximal ureter, confirming a diagnosis of a calyceal diverticulum. The patient

opted for endoscopic management. An initial attempt at ureteroscopy was

unsuccessful due to both the small ureteral caliber as well as the stenotic

infundibular os. A repeat attempt at percutaneous management revealed a

stenotic infundibulum that could not accommodate a wire. A holmium laser

fiber was used to create a neoinfundibulum from the diverticulum to the renal

pelvis adjacent to the stenotic infundibular os. Follow-up retrograde pyelography

and ultrasonography confirmed an interval decrease in size of the infundibulum,

and the patient’s infectious symptoms and pain resolved.

Discussion: CD is a rare anomaly and is infrequently reported in the pediatric

population. PercutaneousmanagementofCD inadultshasbeenwell described in

the literature. Direct percutaneousmanagement of CD involves access to the CD

andablationof theCDcavity toprevent re-accumulationofurine.Previousstudies

done in adults have suggested that stone-free rates from thismanagement range

from about 80% to 100%. Diverticular obliteration, as measured by postoperative

CT scans, also appears to be feasible in a percutaneous, antegrade approach,with

complete diverticular obliteration rates ranging from 60% to 100%. Our case
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demonstrated a successful decrease in size from the original diverticulum (9 cm)

toa smaller size (2cm).Future studieswith longer follow-upswill needtoascertain

if percutaneous management of symptomatic CD is effective in the pediatric

population.
KEYWORDS

calyceal diverticulum, PCNL, infundibulum, nephroscopy, CAKUT (Congenital
Anomalies of the Kidney and Urinary Tract)
Introduction

Calyceal diverticula are cystic structures within the renal

parenchyma that likely result from inappropriate interaction

between the ureteric bud and metanephric blastema during

development (1). These nonsecretory structures communicate with

the calyceal or pelvic system through a narrow infundibulumand are

passively filledwith urine in a retrograde fashion (1). Oftenmistaken

for simple renal cysts on ultrasound, calyceal diverticula were

traditionally diagnosed on intravenous urograms, but more

recently on CT scans or MRI in an excretory phase (2). Most cases

are asymptomatic; however, some patients do present with

symptoms that include flank pain, urinary tract infections, or gross

hematuria (3). Herein, we present the case of a teenager who initially

presented with what was thought to be an infected cyst and was

eventually found to have calyceal diverticulum requiring

percutaneous endoscopic management.
Case

The patient, a 14-year-old girl, initially presented to the

emergency department with right-sided flank pain, nausea, and
02
emesis. On presentation to the hospital, she was found to be

febrile to 102.1°F and tachycardic to 120 bpm. She subsequently

underwent a renal ultrasound, which was notable for an 8.1-cm

cystic lesion in the right superior upper pole without

hydronephrosis (Figure 1A). The considered differential

included an obstructed upper pole moiety of a duplicated

renal collecting system versus an infected renal cyst or renal

abscess. She was admitted to the hospital for the initiation of

IV antibiotics.

However, despite the IV antibiotics, the patient continued to

have high-grade fevers with worsening leukocytosis and

worsening flank pain. Because of this, the decision was made

to place an image-guided drain into the upper pole fluid

collection. Under ultrasound guidance, a 10-Fr APD drain was

placed into the upper pole fluid collection with a return of about

200cc of seropurulent fluid. Following the drain placement, her

flank pain resolved, and she remained afebrile on antibiotics.

Her urine and drain culture both grew over 100,000 colony-

forming units of Proteus mirabilis, and she was discharged on a

10-day course of culture-appropriate antibiotics. Two weeks

after drain placement, the presumed abscess cavity was

evaluated under fluoroscopy, which showed resolution. The

drain was then subsequently removed.
FIGURE 1

View of the infected cyst: (A) initial presentation prior to drain placement (red arrow) and (B) second presentation prior to drain placement (blue arrow).
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She then re-presented to the emergency department 3 years

later with similar symptoms of flank pain, nausea, emesis, and a

recently diagnosed urinary tract infection (Proteus mirabilis).

Renal ultrasound at that time demonstrated a 6.8-cm cystic

upper pole lesion with complex external fluid concerning repeat

infection of an upper pole cyst versus internal hemorrhage

(Figure 1B). A CT angiography of the abdomen and pelvis was

obtained to determine if there was any active hemorrhage into the

renal cyst. This scan demonstrated a 5.6-cm complex cystic lesion

in the right upper pole without any active extravasation of contrast

(Figures 2A, B). She was again admitted for IV antibiotics and

underwent ultrasound-guided placement of a 12-Fr pigtail drain

into her right upper pole abscess with an aspiration of 75 cm3 of

purulent fluid. Drain cultures again grew >100,000 colony-

forming units of Proteus mirabilis, and she was discharged on a

14- day course of culture-appropriate antibiotics.

In order to prevent future recurrence, she was brought back to

the hospital 7 days after drain placement for planned sclerotherapy

of the cyst.However, the sinogramat that timedemonstrated a trace

amount of contrast reaching the proximal ureter, raising concern

for a calyceal diverticulum rather than a true cyst and precluding

sclerotherapy (Figure2C). The treatmentplanswere discussedwith

the patient and her family, which included retrograde and

antegrade ablation of the diverticulum versus laparoscopic

calyceal diverticulectomy. The patient and her family had opted

to start off with retrograde calyceal diverticulum ablation, with or

without possible percutaneous antegrade ablation, due to the

shortened required convalescence from work.
Frontiers in Urology 03
We initially attempted retrograde diverticulum ablation but

were unable to pass 5–9 Fr instruments or ureteroscopes due to a

narrow caliber distal ureter. This appeared to be an intrinsically

narrow ureter, without focal evidence of stricture. Attempts to

fluoroscopically cannulate the calyceal diverticulum with a wire

in a retrograde fashion were similarly unsuccessful, due to a long,

narrow, and circuitous infundibulum seen on retrograde

pyelography. Therefore, a ureteral stent and nephrostomy tube

were placed for planned antegrade ablation in the future.

About 2 weeks later, we brought the patient back for the

antegrade ablation. We began our antegrade ablation by

exchanging her ureteral stent for a 5-Fr open-ended ureteral

access catheter. Her existing renal access was dilated and

exchanged for a 30-Fr sheath to accommodate a 26-Fr rigid

nephroscope. Dilute betadine was injected retrograde through

the ureteral access catheter, which showed that the infundibular os

was at the inferior aspect of the diverticulum. However, this was

severely stenotic and was unable to be cannulated using a variety

of wires or catheters. Therefore, using the betadine injection as a

guide, we used a 400-nm holmium laser fiber to ablate diverticular

tissue adjacent to the os until the renal pelvis was visualized. Once

this communication had been established, we passed a wire from

below and brought it through our access sheath, giving us

through-and-through access. The infundibular os was then

dilated using an 8-Fr fascial dilator. We then proceeded to

ablate the diverticulum tissue using a Bugbee electrode, with

care to avoid any collecting system injury. Once complete, we

placed a 6-Fr-×-28-cm double-J ureteral stent in antegrade fashion
FIGURE 2

(A) Views of the diverticulum on coronal CT imaging (red arrow), (B) axial CT imaging (red arrow), and (C) ureteral contrast on fluoroscopic
sinogram (blue arrow).
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across the infundibulum to keep the os open (Figure 3A). A 22-Fr

Foley was placed through our percutaneous access site for

maximal drainage and subsequently removed on postoperative

day 2. She was discharged on postoperative day 2.

Two months following the ablation, the patient was brought

back to the operating room for retrograde pyelograms. This

demonstrated opacification of the entire renal pelvis along with

the diverticulum (Figure 3B). The infundibulum was noted to

have a wide neck, and the diverticulum appeared to drain well

along with the rest of the kidney. The stent was then subsequently

removed. Repeat kidney ultrasound 2 months following ablation

showed that this diverticulum was smaller, measuring 2 cm

compared to the original 9 cm when compared to previous

images (Figure 3C). The patient has since been asymptomatic.

She will undergo a repeat ultrasound in another 6 months.
Discussion

Calyceal diverticula (CD) are rare congenital cystic structures

often mistaken for simple cysts. These nonsecretory cystic lesions

passively fill with urine via a narrow infundibulum that

communicates with the main collecting system (1). While the

exact etiology of these lesions is unknown, it is generally accepted

that these structures form due to inappropriate interactions

between the ureteric bud and metanephric blastema (4, 5).

Despite being a congenital malformation, the data regarding the

management of CD in the pediatric population remain sparse.

CD are classically divided into two types, as described by

Wulfoshn (5). Type 1 CD communicates with a minor calyx,

generally occurs at the poles, and is the most common type. Type
Frontiers in Urology 04
II tends to be larger and communicates directly with the renal

pelvis or a major calyx. An alternative classification schema was

proposed by Dretler based on the length and width of the

infundibulum (ranging from type I with an open mouth and

short neck to type IV with an obliterated neck) (6). In addition to

anatomic descriptions, his classification method came with

suggested interventions for each type.

Despite these classification schemas, establishing a diagnosis

of CD is often unclear. Physical exams, history, or laboratory

exams are not specific to the diagnosis of CD. Clinicians must

rely on imaging to make the diagnosis. Even then, differentiating

between CD and other cystic structures can be difficult and

requires a high index of suspicion. On ultrasound, CD appears

nearly identical to cysts, with similar echotexture and

appearance (1). Increasing size, stones, or sludge in the cyst

can suggest a CD, but none of these features are diagnostic.

Cross-sectional imaging with computed tomography (CT) or

magnetic resonance imaging (MRI) urograms can be particularly

helpful in diagnosing CD. Given that CD rely on the

infundibulum to passively fill with urine, a CD can appear on

urograms to fill in a delayed fashion compared to the rest of the

collecting system. However, in patients whose CD have an

obliterated infundibular neck, this may not even occur (7).

The majority of patients with CD are asymptomatic and do

not require treatment. However, in patients with recurrent urinary

tract infections, gross hematuria, nephrolithiasis, chronic pain, or

a decrease in renal function, surgical intervention may be

required. Adult literature has primarily focused on stone

clearance. Pediatric data remain limited. The largest series

comes from McGarry and colleagues from the Children’s

Hospital of Philadelphia (8). Of the 757 patients they saw for
FIGURE 3

(A) Stent placement across the neoinfundibulum (red arrow). (B) View of the infundibulum after stent removal (blue arrow). (C) Appearance of
the diverticulum at follow-up ultrasound (blue circle).
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renal cysts, 43 (5%) were ultimately found to have a CD and 25 of

these 43 (58%) ultimately required surgical intervention. Pain and

increasing size of CD were the two clinical variables associated

with an increased likelihood of requiring intervention. Surgical

intervention in their study included ureteroscopic ablation (17

patients) and laparoscopic/robotic deroofing, ablation, and

decortication (eight patients). They found that the success rate

of ureteroscopic intervention was 40% compared to 100% among

the eight patients who underwent laparoscopic/robotic

intervention (p = 0.016). However, despite being the largest

series, this remains a relatively small, retrospective cohort with a

high likelihood of significant bias. Despite the differences in

success rates, our patient opted to attempt endoscopic

intervention due to the shorter required convalescence from her

employment, with the understanding that laparoscopic excision

could be required if her initial treatment was unsuccessful.

Percutaneous management of CD in adults has been well

described in the literature (9–12). Direct percutaneous management

of CD involves direct percutaneous access into the CD with the

extraction of stones and ablation of the CD cavity to promote closure

of the CD and prevent re-accumulation of urine. Previous studies

done in adults have suggested that stone-free rates from this

management range from about 80% to 100% (2). Diverticular

obliteration, as measured by postoperative CT scans, also appears to

be feasible in a percutaneous, antegrade approach, with complete

diverticular obliteration rates ranging from 60% to 100% (9, 12, 13).

However, as of 2022, there have been no published studies or

reports regarding the use of percutaneous, antegrade ablation of a

calyceal diverticulum. Herein, we present the case of a young

adolescent girl who was initially thought to have an infected renal

cyst. She represented 3 years later with a similar presentation.

Further evaluation at that time demonstrated the presence of a

calyceal diverticulum, which was successfully managed with

percutaneous ablation. We must acknowledge that our patient

was 17 years old at the time of intervention, and we would need to

investigate further the utility of percutaneous endoscopic ablation

in the prepubertal population and the associated challenges.

Future studies are needed to determine the most effective

method of management of pediatric calyceal diverticula.
Frontiers in Urology 05
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