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Objective: To analyze the benefit of voiding chain cystourethrography (VCC) [placing a 
radiographic opaque chain into the urethra and bladder and asking the patient to void un-
der fluoroscopy] in the urodynamic evaluation of female bladder outlet obstruction (BOO).
Materials and Methods: Females with post anti-incontinence operation voiding dys-
function who underwent urodynamic evaluation augmented with VCC and later had 
urethrolysis were identified. Six diagnostic criteria for obstruction were applied to each 
patient: (1) VCC ( obstructed: chain was angulated and could not be voiding out) (2) 
Video urodynamic study (VUDS) (detrusor contraction combined with radiographic 
obstruction) (3) maximum flow (Qmax) ≤ 15 cc/sec, detrusor pressure (pDet)@ Qmax ≥ 20 
cm H20 (4) Qmax ≤ 11 cc/sec, pDet@ Qmax ≥ 25 cm H20 (5) Qmax ≤ 12 cc/sec, pDet@ Qmax 
≥ 25 cm H20 (6) Blaivas-Groutz (B-G) nomogram. Urethrolysis results were reviewed. 
Agreement in assessment of BOO criteria was assessed by estimating the proportion of 
pair-wise agreements along with an exact binomial 95% confidence interval (CI) and 
by estimating kappa along with a 95% CI.
Results: Twenty-one patients were identified.  Twenty of the 22 urethrolyses (91%) 
were clinically successful. Diagnosis of BOO was most common for VCC (86%) and 
then B-G Nomogram (67%). Agreement with the VCC was relatively poor for each of 
the five other methods (14%-62%) with the video urodynamic study (VUDS) being the 
best. Three patients with successful urethrolysis were diagnosed only by the VCC. All 
of kappa values regarding agreement with the VCC were low; the highest value of 0.15 
was observed for VUDS.
Conclusion: VCC may augment selection criteria for urethrolysis.

INTRODuCTION

Selection for urethrolysis in symptomatic 
females with a history of an anti-incontinence 
procedure may be challenging, especially in the 
absence of immediate temporal association and/
or with a history of previous failed urethrolysis. 
While recognizing the value of the various pressu-
re flow criteria developed for female bladder ou-

tlet obstruction (BOO), our clinic relies principally 
on the video urodynamic appearance of the blad-
der and urethra with voiding as described by Nitti 
et al. (1) and the Blaivas Groutz (B-G) nomogram 
(2). In some patients with a high index of clinical 
suspicion, the pressure flow criteria for obstruc-
tion were not strictly met and/or it was difficult 
to identify the urethra during testing. One exam-
ple would be patients that voided with minimal or 
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no detrusor contraction. To augment the evalua-
tion and radiographic appearance of the urethral 
and bladder anatomy we incorporated the use of 
a historical test, the voiding chain cystourethro-
gram (VCC). We report on our experience using 
this classic historical test (3) in selection for ure-
throlysis.

MATERIALS AND METhODS

IRB approval was obtained for this re-
trospective review of 21 patients who underwent 
urethrolysis performed by a single surgeon and 
had VCC as part of their video urodynamic study 
(VUDS) for voiding dysfunction following an anti-
-incontinence procedure. All patients underwent a 
complete preoperative clinical and videourodyna-
mic evaluation including a catheter free uroflow 
and catheterized post-void residual videourody-
namics with pressure flow analysis, and fluoros-
copically visualized VCC.

Urodynamic Evaluation
 Video urodynamic study (VUDS) was 

completed using a multi-channel 7F transurethral 
catheter and a rectal air charged catheter. The 
filling portion of the cystogram was performed at 
50 mL per minute using contrast medium. Whe-
re clinically needed (e.g. severe sensory urgency/
detrusor overactivity/small capacity bladder), the 
fill rate was reduced to 12.5 - 25 mL per minu-
te. Intermittent fluoroscopic imaging was utilized 
to quantify trabeculation, vesicoureteral reflux, 
and voiding anatomy. During the voiding portion 
of the study, the patient was asked to void to 
the best of her ability. If the patient was unable 
to generate an uroflow, the maximum detrusor 
pressure generated was quantified. Notation was 
made of the patient’s voiding characteristics such 
as voiding with a detrusor contraction, Valsalva 
maneuvers, or a combination of both.  The pa-
tient then underwent VCC using the below tech-
nique.

Voiding chain cystography technique
 The urodynamics (UDS) catheter was 

removed, and the bladder was filled with ap-
proximately 250ml of diluted Omnipaque (G.E. 

Healthcare, Inc., 25 ml contrast with 100 ml ste-
rile water) using a sterile 14Fr catheter. Dilution 
optimized visualization of the chain through the 
contrast. After the instillation catheter was remo-
ved, the cystourethrography chain was dipped in 
2% lidocaine and inserted into the urethra using 
a rounded forceps. The chain used was a 14kt 
gold (rhodium-plated) link chain measuring 60 
mm in length and 2.15 mm in width; it weighs 
approximately 7.40 grams and has one round 
link on each end; the end links have an outsi-
de diameter of 5.00 mm and an inside diameter 
of approximately 3.20 mm (Figure-1). The chain 
was secured with tape loosely to the inner leg.

 The UDS table was elevated to 90 degrees 
and the patient was turned to the side, using flu-
oroscopy to check chain placement. The patient 
was radiographically examined while coughing, 
with Valsalva maneuvers, and with voiding. The 
VCC was used to identify the bladder, bladder 
neck, and urethral position (including the pre-
sence or absence of urethral angulation) during 
voiding, and notation was made whether the pa-
tient was able to void the chain out of the bla-
dder with micturition (Figures 2-4). The VUDS 
data was retrospectively analyzed separately by 
multiple criteria for female BOO.

Figure 1 - Demonstrates the 14kt gold (rhodium-plated) link 
chain measuring 60mm in length and 2.15mm in width; it 
weighs approximately 7.40 grams and has one round link on 
each end; the end links have an outside diameter of 5.00 mm 
and an inside diameter of approximately 3.20 mm. 
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Criteria for obstruction:
1. UDS obstruction: radiographic evidence for 

obstruction between the bladder and distal  
urethra with a sustained detrusor contrac-
tion (1,4);

2. Maximum flow (Qmax) ≤ 15 cc/sec, detrusor 
pressure (pDet) @ Qmax ≥ 20 cm H20 (Pressu-
re Flow Criterion 1) (5);

3. Qmax ≤ 11 cc/sec, pDet @ Qmax ≥ 25 cm H20 
(Pressure Flow Criterion 2) (6);

4. Qmax ≤ 12 cc/sec, pDet @ Qmax ≥ 25 cm H20 
(Pressure Flow Criterion 3) (7);

5. Blaivas-Groutz nomogram obstructed (2);
6. VCC obstructed: a combination of radio-

graphic chain angulation and inability to 
void the chain out on command (Figures 
2a, 2b and 3).

 Successful urethrolysis was determined 
by resolution of presenting urinary complaints 
and normalization of physical examination in-
cluding the absence of urethral tethering.

Statistical analysis

Post-void residual values were compared 
before and after surgery using a Wilcoxon signed 
rank test.

Agreement in assessment of BOO between 
the VCC and each of the five other methods was 
assessed by estimating the proportion of pair-wi-
se agreements along with an exact binomial 95% 
confidence interval (CI), and also by estimating 
kappa along with a 95% CI. All statistical analy-
ses were performed using SAS (version 9.2; SAS 
Institute, Inc., Cary, North Carolina).

Figure 2a and 2b - shows the chain in position for the VCC and then the chain angulation with the attempted voiding during 
the VCC.  Figure 2a – white arrow shows chain in urethra with the patient relaxed. Figure 2b - white arrow shows angulation 
of chain, consistent with obstruction during voiding attempt with VCC. 

Figure 3 - Demonstrates chain angulation from a VCC test 
that is consistent with obstruction. White arrow shows chain 
angulation consistent with obstruction from patient with 
previous suburethral sling.

A B
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RESuLTS

A total of 21 female patients who un-
derwent a video urodynamic study for voiding 
dysfunction and went on to have urethrolysis were 
considered for inclusion in this study. Median age 
was 65 years (Range: 43 - 83 years). One patient 
in the series had an unsuccessful urethrolysis and 
underwent a second successful urethrolysis; only 
the set of measurements corresponding to the first 
urethrolysis were considered in these analyses in 
order to satisfy the statistical assumption of inde-
pendent measurements. Twenty of the 22 opera-

Figure 4a, 4b, and 4c - Reveals a VCC test that is consistent with no obstruction: the chain in place, voiding without angulation 
and then being voided from the bladder. Figure 4a reveals chain in urethra with the patient relaxed, with no angulation. Figure 
4b shows patient beginning to void, white arrow shows no angulation. Figure 4c – white arrow shows chain being expelled 
from urethra with voiding, consistent with no obstruction.

tions (91%) were classified as having a clinically 
successful urethrolysis based on postoperative cli-
nical evaluation and return of normal voiding ha-
bits.  Preoperative post-void residual assessment 
revealed a median of 115 cc’s (Range: 10 - 720), 
with a mean of 178 cc’s. For the postoperative 
post-void residual measurements, the median was 
50 cc’s (Range: 3 - 170), and the mean of 57 cc’s. 
When evaluating the difference between the post 
vs. presurgical values, the median difference was 
-76 (Range: -640 to 43), and the mean was -120.  
There was strong evidence of a difference between 
the pre and post measures (P < 0.001).

A B

C
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 A summary of assessments of BOO for 
each of the six different methods is provided in 
Table-1. An assessment of BOO was most common 
for the VCC (86%), followed by the B-G Nomogram 
(67%). One patient was rated as obstructed by all 
six methods; she later had a successful urethroly-
sis. Four patients had no detrusor contraction no-
ted on urodynamic evaluation but were obstructed 
by VCC, three had successful urethrolysis and one 
patient did not.

 An evaluation of agreement regarding 
BOO between the VCC and each of the five other 
methods is displayed in Table-2. Agreement with 
the VCC was relatively poor for each of the five 
individual methods but was best for the VUDS, 
where assessment of obstruction was the same as 

the VCC for 13 of the 21 patients (62%). The B-G 
nomogram had the next highest agreement with 
the VCC; assessment of obstruction was the same 
as the VCC for 11 patients (52%). Agreement with 
the VCC was particularly poor for Qmax ≤ 15 cc/
sec, pDet@ Qmax ≥ 20 cm H20, Qmax ≤ 11 cc/sec, 
pDet@ Qmax ≥ 25 cm H20, and Qmax ≤ 12 cc/sec, 
pDet@ Qmax ≥ 25 cm H20, where assessment of 
obstruction was the same as the VCC for between 
14% and 33% of patients. All values of kappa re-
garding agreement with the VCC were quite low; 
the highest value of 0.15 was observed for VUDS.

 Although it is of interest to evaluate whe-
ther any of the six measures of BOO are associated 
with the unsuccessful urethrolysis patients (2/22), 
such analysis was impossible due to the very small 

Table 1 - Assessment of bladder outlet obstruction by six different methods.

Method No. (%) of assessments of bladder outlet obstruction (N = 21)

VCC 18 (86%)

VUDS 12 (57%)

Qmax ≤ 15 cc/sec, pDet@ Qmax ≥ 20 H20 8 (38%)

Qmax ≤ 11 cc/sec, pDet@ Qmax ≥ 25 H20 7 (33%)

Qmax ≤ 12 cc/sec, pDet@ Qmax ≥ 25 H20 4 (19%)

B-G nomogram 14 (67%)

Table 2 - Agreement in assessment of bladder outlet obstruction between the VCC and five other methods.

Agreement with VCC assessment of obstruction

Measure of obstruction Kappa (95% CI) Fraction (%)
of agreement

95% CI

VUDS 0.15 (-0.19, 0.49) 13/21 (62%) 38% - 82%

Qmax ≤ 15 cc/sec,pDet@ Qmax ≥ 20 H20 -0.14 (-0.42, 0.14) 7/21 (33%) 15% - 57%

Qmax ≤ 11 cc/sec, pDet@ Qmax ≥ 25 H20 -0.15 (-0.43, 0.13) 6/21 (29%) 11% - 52%

Qmax ≤ 12 cc/sec, pDet@ Qmax ≥ 25 H20 -0.19 (-0.47, 0.10) 3/21 (14%) 31% - 36%

B-G nomogram -0.25 (-0.47, -0.03) 11/21 (52%) 30% - 74%
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number of patients who experienced this outcome. 
For the first patient with unsuccessful urethrolysis, 
the only test with an assessment of obstruction was 
the VCC, while the only test with an assessment of 
obstruction for the second patient was the VUDS.

DISCuSSION

The challenge in diagnosing BOO in fema-
les is well documented in the literature with the 
symptoms being quite variable (i.e. obstructive, 
irritative, or a combination of both) (8-11). Fur-
ther complicating matters is the variable personal 
nature of female voiding habits.  Consequently, 
physicians often rely on the temporal association 
of voiding dysfunction to an anti-incontinence 
operation to initiate evaluation and/or offer the-
rapy (8,12,13). When patient history or time fra-
me does not offer this diagnostic advantage, more 
thorough evaluation is warranted than just proce-
eding to urethrolysis, especially if she has already 
had a history of that operation (14). The complex 
nature of female voiding dysfunction may require 
additional parameters besides pressure-flow crite-
ria (1-7,15). We desired to see if the VCC, as a 
non-pressure-flow based test, would assist in po-
sitively predicting those patients that would have 
a successful urethrolysis. Radiographic imaging 
will potentially not clearly illuminate a urethral 
obstruction, secondary to the air, soft tissue in-
terface or the absence of a well-defined detrusor 
contraction (16). Consequently, we tried to over-
come this problem by resurrecting the use of the 
urethral chain to look for an angulation or point 
of obstruction. Past physicians have described the 
use of the urethral chain when evaluating fema-
le voiding dysfunction. Stevens and Smith noted 
that in certain settings, placing a chain into the 
urethra may provide distinct advantages over the 
use of contrast medium while others noted that a 
chain may be less distorting than a rubber catheter 
in assessing urethrovesical anatomy (17,18). Chain 
cystogram was described by Hodgkinson in 1953 
to study urethrovesical relationships in order to 
classify types of female stress incontinence (19). 
However, it was later discovered that chain cysto-
gram alone had a 50 percent margin of error and 
65 percent of continent controls had positive fin-

dings (16). Nevertheless, we found the chain was 
an excellent adjunct for assisting with urethral 
radiographic visualization. We came to learn that 
not only was the configuration of the chain im-
portant, but that the ability to void the chain out 
was an added finding when dealing with obstruc-
tion: the ability to push the chain out served as a 
proxy to gauge voiding efficacy in patients that 
voided with abdominal straining and not a true 
detrusor contraction. That four of the 21 patients 
evaluated failed to generate a detrusor contrac-
tion during urodynamic testing but were obstruc-
ted by VCC criteria with three having a successful 
urethrolysis reveals the potential value of the test 
capturing treatable patients by, at the minimum, 
reinforcing clinical intuition.

 VCC definition of obstruction itself had 
the highest agreement with the video urodynamics 
definition of obstruction (1,4). This may be due to 
the similarity between the tests as a urethral ima-
ging based study. Table-1 confirms that 18 of the 
21 patients that underwent urethrolysis were rated 
as non-obstructed by at least one of the methods, 
but VCC rated the fewest number of patients as 
non-obstructed (3/21). In one of those three cases, 
the chain was radiographically angulated, but the 
patient was able to void the chain out with di-
fficulty and concentrated effort thus technically 
making the VCC test negative (which required 
failure to expel the chain with voiding). Despite 
that observation, secondary to temporal associa-
tion, physical exam and other criteria positivity, 
the patient was offered and underwent a success-
ful urethrolysis. In another patient with negative 
criteria including the VCC but with a positive B-G 
nomogram, surgery again was offered secondary 
to clinical suspicion of temporal association. She 
underwent a later unsuccessful urethrolysis.

 A potential criticism of this study may be 
that if patients seemed to do well with urethrolysis 
regardless of the parameter used to define obs-
truction, is this test really one of additive value? 
We counter that in cases with a challenging diag-
nosis, additional objective data has inherent value 
and will help reinforce clinical suspicion. Another 
criticism is that perhaps the VCC had the highest 
diagnostic capture rate secondary to its use on 
patients that we were confident were obstructed 
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and were thus looking for a test to confirm our 
intuition. Postoperative pressure-flow urodyna-
mic studies would have been of value to further 
evaluate the sensitivity of the test for obstruction; 
nevertheless, this was not able to be completed 
secondary to this study being a retrospective re-
view and the lack of desire of patients to undergo 
testing in the event of a good clinical result at the 
time of their treatment course.

 The variable nature of female voiding pat-
terns solidifies the drive for diagnostic accuracy 
and confirmation of clinical suspicion. Patients re-
adily grasp both the concept of radiographic chain 
angulation when gazing upon the X-ray monitor 
and the ability/inability to successfully void the 
chain. Perhaps the VCC should not return from its 
historical past as a standalone test but to be resur-
rected when needed and combined with the other 
methods of evaluation. We will continue to utilize 
VCC secondary to the above reasoning when fa-
ced with clinical suspicion and variable findings of 
obstruction on urodynamic evaluation (15).

CONCLuSIONS

The voiding chain cystourethrogram may 
help confirm clinical suspicion and serve as an 
adjunct to urodynamic testing in female patients 
with post-surgical voiding dysfunction when se-
lecting for urethrolysis.

ABBREVIATIONS

BOO = Bladder outlet obstruction
B-G = Blaivas-Groutz;
CI = confidence interval
pDet = detrusor pressure
Qmax = maximum flow
UDS = Uurodynamics
VUDS = Video urodynamic study
VCC = voiding chain cystourethrography
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