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Abstract
Purpose  To evaluate magnetic resonance imaging findings that differentiate among periurethral bulking agents (primarily 
collagen), urethral diverticulum, and periurethral cyst.
Methods  We searched our radiologic database retrospectively from 2001 to 2017 for periurethral cystic lesions, identify-
ing a total of 50 patients with 68 lesions. Final diagnoses in 68 lesions were bulking agents (27), urethral diverticula (29), 
and periurethral cysts (12). Two abdominal radiologists, blinded to clinical history, independently evaluated T1, T2, and 
post-contrast images. The readers assessed number, morphological features, location, connection to urethra and mass effect, 
signal intensity, and enhancement for each lesion. Fisher exact test and logistic regression analysis were performed for each 
univariate significant feature. The operative and pathologic reports were the reference standard.
Results  Magnetic resonance imaging features found more often in bulking agents versus urethral diverticulum were mul-
tiple lesions (P = 0.011), upper or upper-mid-urethral location (P ≤ 0.0001), lack of internal fluid/fluid level (P = 0.002), 
no urethral connection (P = 0.005), T1 isointensity, and T2 mild hyperintensity compared to muscles but lower T2 signal 
than urine (P < 0.0001). Most cases of urethral diverticula and periurethral cysts were detected at mid- and lower urethra. 
Urethral diverticula were larger than bulking agents and periurethral cysts (P = 0.005 and P = 0.023) (mean diameter = 24, 
16, 15 mm, respectively). Most bulking agents (93%) and urethral diverticula (90%) showed mass effect on urethra, while 
periurethral cysts (75%) did not (P < 0.0001).
Conclusion  Signal intensity and lesion characterization on magnetic resonance imaging can significantly differentiate bulk-
ing agent from urethral diverticulum and periurethral cyst. Radiologists should consider differential diagnosis of a bulking 
agent, especially when distinguishing characteristics described here are present to prevent incorrect diagnosis and ultimately 
unnecessary surgical intervention.
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Introduction

Stress urinary incontinence (SUI) is the most common 
type of urinary incontinence, defined as the “Complaint 
of involuntary loss of urine on effort or physical exertion 
(e.g., sporting activities), or on sneezing or coughing” [1]. 
The prevalence ranges from 5 to 35% [2–4] with an esti-
mated annual incidence of 4–10% [5]. Treatments include 
behavioral therapies, medications, devices, and surgery—
including bulking agents [6, 7].

Transurethral and periurethral injection comprise one 
class of surgical treatment for stress urinary incontinence. 
According to the American Urological Association (AUA) 
guidelines, “bulking agents may best be considered in 
patients who wish to avoid invasive surgical management 
or who are concerned with the lengthier recovery time 
after surgery or who experience insufficient improvement 
following a previous anti-incontinence procedure” [8, 9]. 
Technique: during the procedure, cystoscopy is performed 
either under monitored anesthesia care (MAC) or just local 
anesthesia (intravesical lidocaine). A bulking material is 
injected into the urethral submucosa between the blad-
der neck and mid-urethra in order to coapt the urethra. A 
transurethral injection (the technique used out our institu-
tion and in the study population reported below) involves 
passing the needle through the cystoscope, and through 
the urethral lumen for injection under direct vision. A 
periurethral injection (less commonly used) involves pas-
sage of the needle next to the urethral meatus through the 
epidermal skin and observing the urethral bulging cys-
toscopically from within the lumen during the injection 
for coaptation, location, and to ensure the needle has not 
traversed the lumen. Adding bulk underneath the urethral 
surface at the bladder neck or external sphincter (loca-
tion according to surgeon preference) increases urethral 
resistance, resulting in decreased urinary leakage during 
increased intra-abdominal pressure.

Various types of biosynthetic and biological materi-
als have been approved as bulking agents over the years 
including collagen (Contigen®), silicone particles (Macro-
plastique®), calcium hydroxylapatite (Coaptite®), carbon-
coated beads (Durasphere®), dextranomer–hyaluronic 
acid compound (Zuidex®), polytetrafluoroethylene (Pol-
ytef®), ethylene vinyl alcohol (Uryx® or Tegress®), and 
autologous fat [10]. Some of these materials have been 
removed from the market in the United States (collagen, 
carbon-coated beads, ethylene vinyl alcohol, and dex-
tranomer–hyaluronic acid compound) but are clinically 
relevant as they will still be encountered on imaging. The 
biochemical properties of these materials lead to varying 
imaging characteristics on magnetic resonance imaging 
(MRI) and may be important to distinguish from urethral 

diverticulum, cyst, or tumor [11]. A recent review [12] of 
urethral bulking agents reported that Calcium hydroxyapa-
tite (currently available in the United States) has minimal 
inflammatory response, 63.4% success at 12 months, and 
is radiopaque; polydimethylsiloxane (silicone, currently 
available in the United States) stimulates fibroblasts to 
surround the site of injection and has 59% success at 
12-month follow-up; glutaraldehyde cross-linked bovine 
collagen (no longer available) provides 40–60% cure 
at 1-year follow-up but high resorption rates due to the 
inflammation. Long-term data are not consistently avail-
able across the board but where available most agents 
maintain efficacy over time.

Bulking agent is a small minimally invasive procedure 
and may not be a focus of the medical history, either from 
the standpoint of the patient or the physician ordering imag-
ing, and is commonly not seen or mentioned on prior imag-
ing. Frequently, the material is incidentally observed as 
periurethral lesion when patients undergo MRI of the pelvis 
or lower abdomen. Without pertinent history, it is plausi-
ble that radiologists may interpret a urethral bulking agent 
as more serious pathology. Even in the setting of a well-
delineated history, it can be difficult to determine if there is 
a diverticulum in addition to bulking material. Mischarac-
terization on the MRI report by the radiologist may lead to 
misdiagnosis, unnecessary referral, and surgical intervention 
if the history is not recalled by the patient or specifically 
suspected by the surgeon [13]. Accordingly, the aim of this 
study is to improve differentiation of MRI findings among 
transurethral bulking agent, urethral diverticulum, and periu-
rethral cyst, and to encourage radiologists to consider these 
in the differential.

Materials and methods

Patients

This retrospective Health Insurance Portability and Account-
ability Act (HIPAA)-complaint study was approved by our 
Institutional Review Board. Between January 2001 and 
December 2017, a total of 542 patients were identified as 
having had periurethral cystic lesions on imaging. These 
were found by crosschecking current procedure terminol-
ogy (CPT) codes for bulking agent injection or urethral 
diverticulum/periurethral cyst surgery as well as relevant 
keywords (such as urinary incontinence, bulking agent, 
periurethral cystic lesion, and urethral diverticulum) in our 
radiologic department database. The exclusion criteria were 
(a) no surgical record and/or pathological report of bulking 
agent injection, urethral diverticulum, or periurethral cyst 
(n = 258), (b) no available MRI following bulking injection 
or prior to urethral diverticulum/periurethral cyst surgery in 
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our picture archiving and communication system (PACS) 
workstations (AGFA Impax; AGFA Technical Imaging Sys-
tems, Ridgefield Park, NJ) (n = 225), and (c) poor image 
quality or incomplete MRI sequences (n = 9). Of these, a 
final 50 patients had good quality images and confirmatory 
operative dictations or pathology and were included in our 
study.

MR imaging

MRI scans were performed either on a 1.5-T (Signa, GE 
Healthcare, Milwaukee, Wisconsin, USA; Avanto; Sie-
mens Healthcare, Erlangen, Germany) or a 3-T (Discovery 
MR750w, GE Healthcare, Milwaukee, Wisconsin, USA; 
Skyra, Siemens Healthcare, Erlangen, Germany) scanner. 
No bowel preparation, laxative or spasmolytic agent were 
required as premedication before MRI examination. The 
patient was positioned in the supine position with the pelvic 
phased-array coil centered on the pelvis to fully cover the 
urethra. The MR imaging protocol was considered when 
at least the following sequences were available: (1) axial, 
(2) coronal, and (3) sagittal T2-weighted imaging (T2WI) 
without fat suppression (FS), (4) axial T1-weighted imaging 
(T1WI) without FS, (5) axial fat-saturated T1WI gradient 
echo before, and (6) after gadolinium administration.

Image analysis

Two board-certified abdominal radiologists (with over 8 and 
4 years of experience) blinded to clinical, operative, and his-
topathologic data, independently evaluated the MR images. 
The readers assessed size, number, location on the clock 
face, urethral location, and shape on axial images (Fig. 1), 
angle degree of each lesion, unilocular/multilocular nature, 
presence of internal septation, fluid/debris or fluid/blood 
level, calcification, solid component, urethral indentation or 

displacement, urethral connection (ostium), and T1/T2 sig-
nal intensity (SI) compared to the obturator internus muscle. 
Hypo-, iso-, and hyper-signal intensities were defined by SI 
of the lesion less than, closer to, or higher than the referen-
tial obturator internus muscles, respectively. The T2 SI was 
also compared to urine in the urinary bladder. Homogene-
ous SI referred to similar components or SI in each lesion. 
Heterogeneous SI was defined by intra- and interlesional dis-
similar components or SI. The enhancement of each lesion 
after gadolinium injection was also observed.

Diagnosis of bulking agent

The patient’s operative note was used to confirm a history 
of bulking agent. Type of bulking agent, date and number 
of injection sessions, number and location of injection sites, 
as well as the interval from the last injection to MRI were 
recorded.

Diagnosis of urethral diverticulum and periurethral 
cyst

To confirm a diagnosis of a urethral diverticulum, we docu-
mented pathologic results and/or operative records. Diver-
ticulum was confirmed by identification of the neck/ostium 
from the diverticulum to the urethra during urethroscopy 
and/or surgical dissection, by expression of fluid or exudate 
from the urethra with pressure on the diverticulum and/or 
by pathologic diagnosis of urethral diverticulum. A ure-
thral diverticulum is defined according to pathology as a 
saclike protrusion or a pocket continuous with the lumen 
of the urethra. A true diverticulum implies the presence of 
all urethral layers, including muscle tissue, while a pseudo-
diverticulum denotes the absence of one or more of those 
layers [14]. Intralesional stones and malignant change were 
also recorded. For periurethral cysts, we documented the 
diagnosis from the operative note and pathologic report. A 
periurethral cyst is defined according to pathology as a sac 
containing liquid or semisolid material that is found any-
where along the course of urethra, but not consistent with a 
diverticulum [15].

Statistical analysis

Stata statistical software (Stata/IC 15.0; Stata Statistical 
Software, College Station, TX, USA) and MedCalc version 
18.2.1 (Medcalc Software, Ostend, Belgium) were used for 
analysis. A two-sided P value less than 0.05 was considered 
significant. Interobserver agreement of MRI findings was 
expressed with Cohen Kappa coefficient [16]. The Fisher 
exact test was used to provide an exact P value computa-
tion for each univariate significant feature when at least one 
expected cell size in the contingency table was ≤ 5. Logistic 

Fig. 1   Shape assessment of each lesion on MRI; round, oval, wedge, 
crescent, horseshoe, and circumferential configuration
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regression analysis was performed for each univariate sig-
nificant feature with continuous data. Odds ratios with a 
95% confidence interval (CI) were also reported. The Hal-
dane–Anscombe correction was used to calculate odds ratios 
and 95% CI when one or more cell counts were zero.

Results

Fifty patients with 53 diagnoses met selection criteria, with 
a mean age of 46.5 ± 15.2 years (range 21–82 years), includ-
ing forty-eight (96%) females and two (4%) males. There 
were 16 cases of bulking agents, 27 cases of urethral diver-
ticula, and 10 cases of periurethral cysts. Three patients had 
2 diagnoses: one female with urethral diverticulum and prior 
transurethral collagen injection (Fig. 2), a male with a trau-
matic urethral diverticulum status post radical prostatectomy 
and two transurethral collagen injections, and a female with 
urethral diverticulum concurrent with Gartner’s duct cyst. 
From 53 diagnoses, the final 68 lesions included 27 bulking 
agents, 29 urethral diverticula, and 12 periurethral cysts. In 
7 patients with bulking agents, there were multiple lesions 
(2–5 lesions) owing to multiple sessions and locations of 
injection; we analyzed each bulking agent lesion separately 
since some of them had different imaging characteristics. 
Two patients had 2 urethral diverticula and one patient had 
three periurethral cysts. The most common indications for 
MRI were urinary incontinence and periurethral or vagi-
nal mass on physical examination (Table 1). Of these 50 
patients, 13 studies did not perform post-contrast imaging 
(8 bulking agents, 4 urethral diverticula, and 1 periurethral 
cyst).

The types of bulking agents included 13 cases of col-
lagen, 1 case of silicone particle, 1 case of chondrocyte and 
alginate mixture (investigational product), and 1 case who 
received collagen twice and calcium hydroxyapatite once at 
different time points. The types of bulking agents, timing 
of injections, number of injection sites, and time elapsed 
between the last injection and MRI are shown in Table 1. 
Operative notes were documented on all 50 patients. The 
median interval between MRI examination and surgical pro-
cedure of 27 urethral diverticular cases was 2 months (range 
0–34 months; interquartile range [IQR] 3.75 months) and of 
10 periurethral cyst cases was 1 month (range 0–6 months; 
IQR 2 months). Pathologic review was performed on 24 
lesions of urethral diverticula (Table 2). The other 5 urethral 
diverticular lesions were characterized by operative note 
only, including 3 urethral diverticular abscesses and 2 trau-
matic urethral diverticula (one from urethroscopic injury and 
the other from an accident). Most cases of urethral diverticu-
lar pathology were benign mucosa with two cases addition-
ally containing stones. There was one case of nephrogenic 
adenoma and one squamous cell carcinoma in situ—both 
arising in urethral diverticula—but no solid component was 
observed on MRI in either case. Chronic inflammation and 
fibrosis were found in one-half and one-third of diverticular 
specimens, respectively. The pathology of the periurethral 
cysts consisted of 2 Gartner’s duct cysts, 2 Bartholin’s cysts, 
1 Skene’s duct abscess, 4 epidermal inclusion cysts, and 3 
unspecified vaginal cysts.

Interobserver agreements between 2 readers were excel-
lent (K = 0.83–1.00) in all MR imaging findings. Univariate 
analysis of MRI features and lesion characteristics among 
bulking agent, urethral diverticulum, and periurethral cyst 

Fig. 2   A case of urethral diverticulum in 49-year-old woman with 
history of prior collagen injection. a Axial T2-weighted fast SE MR 
image shows a posteriorly located unilocular diverticulum and a com-
munication (thin arrow) with the urethral lumen. b and c Axial and 
Coronal T2-weighted fast SE MR image shows mild hyperintense 
signal intensity of collagen (thick arrow) at left superior wall and 
along right lateral wall of the urethral diverticulum mimicking tumor, 

debris, or blood. Histopathology revealed that “squamous and tran-
sitional mucosa with granulation tissue, fibrosis and chronic inflam-
mation consistent with urethral diverticulum. There is no evidence of 
malignancy.” Knowledge of prior bulking agent injection is impera-
tive to make the correct diagnosis of collagen within urethral diver-
ticulum. Note contrast study was not performed in this case
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are summarized in Table 3. Univariate analysis revealed that 
significant MRI findings in bulking agents which helped dif-
ferentiate from urethral diverticulum were bulking agents 
were more likely to have multiple lesions (P = 0.011), upper 
or upper-mid-urethral location (P < 0.0001), lack of inter-
nal fluid/fluid level (P = 0.002) and lack of urethral con-
nection (P = 0.005), T1 isointensity, T2 mild hyperinten-
sity compared to muscles but lower T2 signal than urine 
(P < 0.0001), while the SI of urethral diverticula in most 

cases were similar to urine (T1 hypointensity and T2 marked 
hyperintensity). One case who received collagen twice and 
calcium hydroxyapatite once at different time points showed 
crescent shape, T1 isointensity, T2 hypersignal intensity 
of collagen with internal wedge shape T1 isointensity, T2 
hyposignal intensity of calcium hydroxyapatite located at 
upper to mid-urethra. This case was misdiagnosed as ure-
thral diverticulum with stone by reviewer. One case of sili-
cone particles demonstrates two wedge-shaped, T1 hypoin-
tensity, T2 mild hyperintensity lesions with less signal than 
urine at upper to mid-urethra. And one case of chondrocyte/
alginate mixture gel had oval shape with T1 isointensity, T2 
mild hyperintensity indenting the upper urethra.

Table 1   Patient characteristics, indication for MRI, and transurethral 
bulking injection information in 16 patients

N/A not applicable

Characteristic Number of patients (%)

Sex
 Female 48 (96)
 Male 2 (4)

Age
 Mean ± standard deviation 46.5 ± 15.2 years
 Range 21–82 years

Indication for MRI
 Urinary incontinence 17 (34)
 Vaginal/periurethral mass 16 (32)
 Recurrent urinary tract infection 8 (16)
 Vaginal discomfort 4 (8)
 Vaginal bleeding 2 (4)
 Decreased urinary stream 1 (2)
 Pelvic pain 1 (2)
 Traumatic urethral injury 1 (2)

Type of periurethral bulking agent injection
 Collagen 13 (81.25)
 Collagen and calcium hydroxylapatite 1 (6.25)
 Silicone particles 1 (6.25)
 Chondrocyte/alginate mixture 1 (6.25)

Number of injection procedures
One 7 (43.75)
Two 3 (18.75)
Three 3 (18.75)
Five 1 (6.25)
N/A 2 (12.5)
Number of injection sites
 Two 3 (18.75)
 Three 4 (25)
 Four 1 (6.25)
 N/A 8 (50)

Time from last injection to MRI
 1–8 months 5 (31.25)
 1–3 years 3 (18.75)
 5–6 years 2 (12.5)
 9–12 years 3 (18.75)
 N/A 3 (18.75)

Table 2   Diagnosis of urethral diverticula in 29 lesions and periure-
thral cysts in 12 lesions

Data are number of lesions with percentages in parentheses
N/A not applicable (pathology reported urethral diverticulum without 
epithelial cell type.)
a Surgical diagnosis without pathologic result
b Clinical diagnosis

Findings Lesions

Urethral diverticulum 29
 Available pathologic result 24 (100)
  Epithelium types
   Squamous 9 (37.5)
   Squamous and transitional 4 (16.7)
   Transitional 4 (16.7)
   Cuboidal and focal squamoid to transitional 1 (4.1)
   Denuded 1 (4.1)
   Benign urethral tissue 1 (4.1)
   N/A 4 (16.7)
  Intralesional tumor
   Nephrogenic adenoma 1 (4.2)
   Squamous carcinoma in situ 1 (4.2)
  Chronic inflammation 12 (50)
  Fibrosis 8 (33.3)
  Fibrovascular tissue 2 (8.3)
  Epithelial ulcerations 1 (4.2)
  Cystitis glandularis 1 (4.2)
  Intralesional hemorrhage 3 (12.5)
  Intralesional stones 2 (8.3)

 No available pathologic result 5
  Urethral diverticular abscessa

  Traumatic urethral diverticulumb
3
2

Periurethral cysts 12 (100)
 Gartner’s duct cyst 2 (16.7)
 Bartholin cyst 2 (16.7)
 Skene’s duct abscess 1 (8.3)
 Epidermal inclusion cyst 4 (33.3)
 Unspecified vaginal cyst 3 (25)
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Table 3   Comparison of MRI features among 27 lesions of transurethral bulking agent, 29 lesions of urethral diverticulum, and 12 lesions of 
periurethral cyst (from 16 cases of bulking agent, 27 cases of urethral diverticulum, and 10 cases of periurethral cyst)

Data are number of lesions with percentages in parentheses. Dash (–) indicates the value cannot be calculated
BA bulking agent, UD urethral diverticulum, PC periurethral cyst, n number of lesions
*Statistically significant

MRI findings Bulking agent Urethral diverticu-
lum (n = 29)

Periurethral 
cyst (n = 12)

P values

(n = 27) BA vs. UD UD vs. PC BA vs. PC

Number of lesions (BA16, UD27,PC10 cases)
 One 9 (56.25) 25 (92.6) 9 (90) 0.011* 0.322 0.177
 Two 5 (31.25) 2 (7.4) 0 (0)
 Three 1 (6.25) 0 (0) 1 (10)
 Five 1 (6.25) 0 (0) 0 (0)

Location at urethra
 Upper 6 (22.2) 0 (0) 1 (8.3) < 0.0001* 0.199 < 0.0001*
 Upper to mid 21 (77.8) 0 (0) 0 (0)
 Mid 0 (0) 16 (55.2) 4 (33.3)
 Lower 0 (0) 13 (44.8) 7 (58.3)

Unilocular 17 (63) 22 (75.9) 11 (91.7) 0.386 0.398 0.122
Multilocular 10 (37) 7 (24.1) 1 (8.3)
Internal septation 7 (25.9) 14 (48.3) 2 (16.7) 0.104 0.084 0.693
Fluid/fluid level 0 (0) 9 (31) 1 (8.3) 0.002* 0.231 0.308
Calcification 1 (3.7) 2 (6.9) 0 (0) 1.000 1.000 1.000
Indentation or displacement of urethra 25 (92.6) 26 (89.7) 3 (25) 1 < 0.0001* < 0.0001*
Urethral connection 0 (0) 8 (27.6) 0 (0) 0.005* 0.079 –
Solid component 0 (0) 0 (0) 0 (0) – – –
Enhancement (BA14, UD24, PC11 cases)
 Absence 2 (14.3) 4 (16.7) 2 (18.2) 1 1 1
 Rim 12(85.7) 20 (83.3) 9 (81.8)

Mean maximal diameter ± SD (mm) 15.8 ± 6.8 23.9 ± 11.1 15 ± 6.5 0.005* 0.023* 0.732
Shape
 Round 0 (0) 5 (17.2) 2 (16.7) < 0.0001* 0.13 < 0.0001*
 Oval 2 (7.4) 9 (31.1) 8 (66.7)
 Wedge 11 (40.7) 1 (3.4) 1 (8.3)
 Crescent 8 (29.6) 9 (31.1) 1 (8.3)
 Horseshoe 1 (3.7) 5 (17.2) 0 (0)
 Circumferential 5 (18.5) 0 (0) 0 (0)

Mean angle ± SD (degree) 154 ± 105 150 ± 64 87 ± 30 0.851 0.012* 0.067
T1 signal
 Isointense 25 (92.6) 1 (3.4) 0 (0) < 0.0001* < 0.0001* < 0.0001*
 Hypointense 2 (7.4) 24 (82.8) 3 (25)
 Hyperintense 0 (0) 4 (13.8) 9 (75)

T2 signal
 Isointense 0 (0) 0 (0) 1 (8.3) < 0.0001* 0.204 < 0.0001*
 Hypointense 0 (0) 1 (3.4) 1 (8.3)
 Mild hyperintense 25 (95.6) 1 (3.4) 1 (8.3)
 Marked hyperintense 2 (7.4) 27 (93.2) 9 (75)

T2 signal compare to urine
 Less 25 (92.6) 4 (13.8) 3 (25) < 0.0001* 0.398 < 0.0001*
 Equal 2 (7.4) 25 (86.2) 9 (75)

Homogeneous 25 (92.6) 21 (72.4) 10 (83.3) 0.08 0.694 0.573
Heterogeneous 2 (7.4) 8 (27.6) 2 (16.7)
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All cases of urethral diverticula were detected at the 
mid- and lower urethra. Nine out of 29 urethral diverticular 
lesions (31%) showed internal fluid/fluid level and 8 lesions 
(27.6%) had urethral connection but no bulking agent had 
either of these. Bulking agents were likely to have smaller 
size than urethral diverticula (P = 0.005) with a mean maxi-
mal diameter of 15.8 mm versus 23.9 mm in urethral diver-
ticula. We evaluated the size of the bulking agent based on 
number of years since injection and found no correlation.

Shape also showed significant differences between bulk-
ing agent and urethral diverticulum (P < 0.0001). The most 

frequent shape (11 out of 27 lesions, 40.7%) of bulking 
agent on axial images was a wedge shape (Fig. 3) which 
was seen in only one lesion of urethral diverticulum. Cir-
cumferential shape was also observed only with the bulking 
agent (5 lesions) (Fig. 4) but none of urethral diverticula. 
In contrast, we found round (5 out of 29 lesions), oval (9 
lesions), and horseshoe shapes (5 lesions) more frequently 
in urethral diverticula than in bulking agents (0, 2, and 1 
lesion, respectively). A crescent shape was demonstrated in 
8 lesions (29.6%) of bulking agents (Fig. 3) and 9 lesions 
(31.1%) of urethral diverticula.

Fig. 3   Collagen injection in 
a 47-year-old woman. Axial 
T2-weighted fast SE MR image 
shows multiple wedge-shaped 
(arrow in a) and crescent-
shaped (arrow in b) mild 
hypersignal intensity lesions 
compared to the obturator 
internus muscles (asterisk) 
surrounding the hypointense 
collapsed urethral lumen 
centrally (arrowhead in b). c 
Sagittal T2-weighted fast SE 
MR image shows collagen 
material at upper to mid-urethra 
indenting urinary bladder neck 
and urethra (arrows). Note the 
signal intensity of collagen is 
less than urine. d Axial 3D 
contrast-enhanced T1-weighted 
fat-suppressed gradient-echo 
MR image shows rim enhance-
ment with absence of internal 
enhancement in the bulking 
agent (arrows)

Fig. 4   Collagen injection in a 79-year-old woman with a history 
of urinary incontinence. a Axial T2-weighted fast SE MR image 
shows a circumferential mild hypersignal intensity collagen mate-
rial (arrows) encircling the urethra (arrowhead). b Axial 3D con-

trast-enhanced T1-weighted fat-suppressed gradient-echo MR image 
shows absence of central enhancement of the urethral bulking agent 
with thin rim enhancement (arrows)
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One case of bulking agent had intralesional calcification 
consistent with the calcium hydroxyapatite injection noted in 
the clinical history (Fig. 5). Two cases of urethral diverticula 
were observed with intralesional stones on MRI (Fig. 6).

The most significant finding distinguishing periurethral 
cysts from the other two diagnoses was that few periurethral 
cysts (25%) showed urethral indentation or displacement, 

whereas urethral diverticula (89.7%) and bulking agents 
(92.6%) often did. The SI on T1WI, mean maximal diam-
eter, and angle degree of lesions were significant MRI find-
ings that helped to differentiate between urethral diverticula 
and periurethral cysts. Eight out of 12 periurethral cysts 
(66.7%) were oval shape and 11 lesions (91.6%) located at 
lower and mid-urethral locations. In addition, T1 and T2 SI 

Fig. 5   Injection of calcium 
hydroxyapatite (Coaptite®) 
and collagen as a urethral 
bulking agent in a 52-year-
old woman with a history of 
urinary incontinence. a Axial 
T2-weighted fast SE MR image 
and b Axial T1-weighted fast 
SE MR image show an area of 
marked hypointensity (thick 
arrows in a, b) characteristic of 
calcium hydroxyapatite within 
hyperintense collagen material 
on T2-weighted image (thin 
arrows in a). c Axial CT con-
firms calcific density. d Sagittal 
T2-weighted fast SE MR image 
shows areas of marked hypoin-
tensity of calcium hydroxyapa-
tite within hyperintense T2 of 
collagen (arrows) posterior to 
the urethra. It does not show 
mass effect on the urethral 
lumen in this case

Fig. 6   Several calculi in a 
giant urethral diverticulum in 
a 59-year-old woman. a and b 
Axial and sagittal T2-weighted 
fast SE MR image shows sev-
eral hypointense lesions (thick 
arrows) at the dependent portion 
of a horseshoe-shaped urethral 
diverticulum which located at 
mid-urethra. Note internal sep-
tation (thin arrow in a). c and d 
Axial 3D pre- and post-contrast-
enhanced T1-weighted fat-
suppressed gradient-echo MR 
image shows absence of internal 
enhancement with enhancing 
wall of urethral diverticulum. A 
urethral diverticulum can have a 
similar enhancement as bulking 
agent. arrowhead = urethra, 
B = urinary bladder
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were significant MRI characteristics distinguishing between 
bulking agent and periurethral cyst (Fig. 7). Nine out of 12 
periurethral cysts (75%) showed hyperintensity on T1WI and 
marked hyperintensity on T2WI compared to the muscles, 
reflecting internal hemorrhage or high proteinaceous con-
tent. Three cases (25%) exhibited hypointensity on T1WI 
and marked hyperintensity on T2WI, suggestive of simple 
fluid. None of them was isointense on T1WI.

Among all the MRI findings, the SI of lesions on MRI 
including T1WI and T2WI compared to the reference mus-
cles and T2WI compared to urine had the highest odds ratio 
of distinguishing (primarily collagen) bulking agent from 
urethral diverticulum, bulking agent from periurethral cyst 
and urethral diverticulum from periurethral cyst on univari-
ate analysis (Table 4). We describe the SI of our three non-
collagen bulking agents in the discussion below.

Discussion

Bulking agents used in the treatment of stress urinary 
incontinence have various imaging characteristics based 
on the composition of material and time interval between 
injection and imaging. Because this procedure is often not 

documented within the patient’s surgical history, clinical 
risk includes a radiologic misdiagnosis impacting future 
management. Gaines et al. [13] demonstrated that 65% of 
radiographic studies incorrectly reported bulking agents 
as other diagnoses including bladder calcification, urethral 
diverticulum with stone, and malignancy.

The majority of the transurethral bulking agents reported 
in this study were collagen, which is no longer on the market 
in the United States. Currently silicone particles (Macro-
plastique®) and calcium hydroxylapatite (Coaptite®) 
are marketed for use as bulking agents. There is no clini-
cal advantage of one over the other of these two products. 
Other historic products include carbon-coated beads (Dura-
sphere®), dextranomer–hyaluronic acid compound (Zui-
dex®), polytetrafluoroethylene (Polytef®), ethylene vinyl 
alcohol (Uryx® or Tegress®), and autologous fat [10]. The 
historic materials are still clinically relevant as they will still 
be encountered on imaging. Collagen is biodegradable and 
may be resorbed over time, producing variable SI on MRI. 
Maki et al.[17] showed that collagen was slightly higher in 
SI than saline on T1WI and lower in SI than saline on T2WI 
in vitro imaging. These findings are similar to our study 
which showed collagen to be isosignal on T1WI and mildly 
hypersignal on T2WI compared to muscles, but having 

Fig. 7   A case of 46-year-old 
woman with history of chondro-
cyte/alginate mixture bulking 
agent injection 20 months prior 
to MRI (a, b) compared to a 
case of 29-year-old woman with 
periurethral cyst (c, d). a Axial 
and b sagittal T2-weighted 
fast SE MR image shows mild 
hyperintense oval-shaped mate-
rial (arrows) along the posterior 
wall of the upper urethra indent-
ing bladder neck. This lesion 
has less signal intensity com-
pared to urine, consistent with 
prior collagen injection. c Axial 
and d sagittal T2-weighted fast 
SE MR image shows marked 
hyperintense, oval-shaped lesion 
(thick arrows) with signal inten-
sity close to the urine located 
at the right lateral wall of the 
lower urethra displacing the 
urethra to the left (thin arrow 
in c). Operative note reported 
Skene’s duct abscess in this 
case. Bulking agent can mimic 
periurethral cyst. Upper urethral 
location and signal intensity less 
than the urine are the findings 
that help to correct diagnosis. 
(Asterisk) in c = vagina
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less signal than urine. Surprisingly, we can demonstrate 
50% of our collagen bulking agent cases to still be present 
on MRI three years after injection (median interval from 
last injection to MRI 24 months; interquartile range [IQR] 
92 months). In the Appel study [18], the physical persistence 
of collagen was histologically demonstrated 9–19 months 
after injection, with presumably a longer retention time 
in elder patients. Cunningham et al studied collagen by 
3-dimensional transvaginal ultrasound, demonstrating the 
volume retention rate compared with the baseline to be 84% 
at a mean of 43 months (12–100%), with a mean of 0.11 mL 
reduction for each year past the final injection [19]. Silicone 
particles have also been used with the intention of greater 
durability and less likelihood of particle migration due to 
large particle diameter [20]. On MRI, silicone particles show 
hyperintensity on T2WI and reportedly cannot be distin-
guished from collagen [10]—our findings in the one lesion 
are similar. Calcium hydroxylapatite appears radiodense on 
radiograph and CT immediately after injection [21]—our 
one case showed hypointensity on T2WI in this study in con-
trast to collagen, which exhibited hyperintensity on T2WI. 
Chondrocyte/alginate mixture gel is a compound previously 
researched at our institution consisting of autologous chon-
drocytes harvested from the ear pinna in a calcium alginate 
gel [22]. Its MRI signal on the one lesion in this study did 
not show a calcific SI but rather a signal similar to collagen. 
Other than signal characteristics, we expect the remain-
ing distinguishing features to be consistent across bulking 
agents, accounting for injection technique.

The MRI features of urethral diverticula may be single 
or multiple, unilocular, multilocular or multiseptated, with 
a narrow or wide neck, usually located posterior or lateral 
to the urethra, with SI parallels to urine on T2WI [23, 24]. 
They can have round, oval, or horseshoe shape. Although 

it is known that a circumferential urethral diverticulum can 
occur [24, 25], surprisingly in our study the urethral diver-
ticula did not have completely circumferential configura-
tion (360 degree), in contrast we found 5 cases of bulking 
agent with circumferential configuration. This could be due 
to dissection of the tissue planes during injection depending 
on the location of the needle tip and the volume injected. 
Internal hemorrhagic content can be seen with a possible 
fluid–fluid level [26]. Periurethral cysts include Skene’s duct 
cyst, Bartholin’s cyst, Gartner’s duct cyst, and epidermal 
inclusion cyst, and these do not communicate with the ure-
thra and may have variable locations and appearances (T1 
and T2 signal intensities and morphologic features).

In our study, we found that other than T1 and T2 SI, num-
ber of lesions more than one, wedge and circumferential 
shapes, upper to mid-urethral location predominantly around 
the bladder neck, lack of internal fluid/fluid level, and no 
urethral connection were the significant findings that also 
helped to distinguish bulking agents from urethral divertic-
ula and periurethral cysts. It should be noted that the bladder 
neck position versus the mid-urethral position is reflective of 
surgeon choice of technique. Our findings are consistent with 
Del Gaizo et al showing that a transurethral bulking agent 
can mimic cystic and solid lesions (Fig. 2) [27]. Lack of 
enhancement of bulking agent allows it to be distinguished 
from a solid mass [28].

Most cases of urethral diverticula and periurethral cysts 
were detected to have only one lesion located at mid- and 
lower urethra. Oval and round shapes were found more 
frequently in urethral diverticula and periurethral cysts 
than bulking agents. Urethral diverticula were larger than 
bulking agents and periurethral cysts (mean diameter = 24, 
16, 15 mm, respectively). The absence of urethral inden-
tation or displacement was the most important finding to 

Table 4   Comparison of odds ratio and 95% confidence interval of each significant finding among bulking agent, urethral diverticulum, and 
periurethral cyst

Data are odds ratios with 95% CI in parentheses. Dash (–) indicates not significant
BA bulking agent, UD urethral diverticulum, PC periurethral cyst

MRI findings BA vs. UD UD vs. PC BA vs. PC

Number of lesions 0.133 (0.024, 0.740) – –
Location at urethra 0.391 (0.212, 0.721) – 0.547 (0.302, 0.993)
Indentation or displacement of urethra – 0.038 (0.006, 0.225) 0.026 (0.003, 0.186)
Fluid/fluid level 25.487 (1.401, 463.561) – –
Urethral connection 21.744 (1.187, 398.132) – –
Mean maximal diameter 1.105 (1.030, 1.185) 0.900 (0.823, 0.985) –
Shape 0.619 (0.404, 0.947) – 0.094 (0.020, 0.440)
Angle degree – 0.973 (0.952, 0.994) –
T1 signal 300.706 (25.630, 3527.967) 18.136 (3.399, 96.751) 65.336 (3.135, 1361.448)
T2 signal 66.590 (12.241, 362.237) – 4.299 (1.034, 17.867)
T2 signal compared to urine 78.125 (13.101, 465.877) – 37.499 (5.363, 262.171)
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separate periurethral cysts from bulking agents and ure-
thral diverticula.

Our study’s strengths are that each MRI had blinded 
independent reviewers and were confirmed with operative 
and/or pathologic records in all cases. We evaluated many 
MRI findings including various morphologic characteris-
tics, size, location, and number of lesions not only signal 
intensity. However, it had several limitations. First, it was 
a retrospective, single-center study with a relatively small 
number of patients due to rarity of the diagnoses and our 
strict inclusion criteria requiring both an MRI and opera-
tive or pathologic confirmation. For the best quantitative 
analysis, a prospective multi-center study with inclu-
sion of a larger patient number, varied surgeon technique 
(injection location) and a greater range of bulking agents 
(including those currently on the market) would be neces-
sary to fully characterize the MR distinguishing features of 
bulking agents. Second, most cases of bulking agent in our 
study were collagen, which as discussed above may result 
in the reported characteristics being limited in application 
to that of collagen. Nevertheless, collagen, whereas no 
longer on the market, is the most common historically used 
bulking agent worldwide and is still likely to be encoun-
tered in our patient population [29–31]. Third, with respect 
to MRI technique, 13 studies did not perform post-contrast 
imaging. Accordingly, we cannot evaluate enhancement in 
these cases. For example, we had one case with a urethral 
diverticulum who had also had a prior transurethral col-
lagen injection. Without the stated history of prior colla-
gen injection, it is difficult to distinguish between bulking 
agent and a solid component in the urethral diverticulum 
without a contrast agent. Our studies were performed with 
different MRI magnets. Although 3 T MRI has increased 
signal-to-noise ratio (SNR) compared to 1.5 T, the SI of 
the lesions are similar in both magnets. Lastly, because of 
our small cohort size, we were unable to perform multi-
variate analysis.

In conclusion, isosignal on T1WI and mildly hyper-
signal on T2WI but less signal than urine, number and 
shape of lesions, upper to mid-urethral location, lack of 
internal fluid/fluid level, and no urethral connection are 
the significant MRI findings of bulking agent that can dif-
ferentiate it from urethral diverticulum and periurethral 
cyst. Radiologists should consider the differential diag-
nosis of a bulking agent, especially when distinguishing 
characteristics described here are present—even when it 
is not recorded in the clinical history—in order to prevent 
incorrect diagnosis and ultimately unnecessary surgical 
intervention.
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