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ABSTRACT
Objectives: To evaluate possible predictors of elevated postvoid residual volume (PVR) following onabotulinumtoxinA admin-
istration in patients with idiopathic overactive bladder (OAB), a condition that may include urinary urgency, frequency, and 
nocturia, without any identifiable cause or underlying neurological or metabolic condition.
Methods: Adults who had been treated with 100–200 U onabotulinumtoxinA for OAB and had previous failure of other OAB 
treatments were identified by retrospective review of medical chart data from three urology clinics in the United States treating 
patients with a variety of urological conditions. A total of 211 patients were allocated to cohorts based on posttreatment PVR 
< 200 mL (n = 173) and ≥ 200 mL (n = 38). Logistic regression analyses were performed to evaluate potential predictors of post-
treatment PVR ≥ 200 mL, including pretreatment peak urine flow rate (Qmax), average urine flow rate (Qavg), and Modified 
Liverpool Qmax and Qavg flow index (FI), and to determine whether patient age and baseline PVR were associated with the 
likelihood of PVR ≥ 200 mL. Patients were excluded if symptoms of OAB were secondary to a neurological condition, they had 
a PVR > 200 mL within 2 weeks prior to the index therapy or had been treated with other botulinum toxin formulations for a 
urinary condition.
Results: In the predictor analyses, neither Qmax nor Qavg alone was a likely predictor. Odds ratios of PVR ≥ 200 mL for Modified 
Liverpool Qmax FI and Qavg were 0.30 (95% CI: 0.08–0.91; p = 0.0488) and 0.07 (95% CI 0.01–0.40; p = 0.0045), respectively. 
When patient age and baseline PVR were incorporated into the analyses, results suggested that Qmax, Qavg, Qmax FI, and Qavg 
FI, as well as increased age and baseline PVR, were likely predictors of elevated posttreatment PVR.
Conclusions: Patients who are older, have high pretreatment PVR values, and have lower pretreatment urine flow indexes and 
flows may be at increased risk of developing elevated PVR after receiving onabotulinumtoxinA treatment for OAB.

1   |   Introduction

OnabotulinumtoxinA can be used to treat patients with id-
iopathic overactive bladder (OAB) and urinary incontinence 
inadequately treated with anticholinergic agents [1–3]. Some 

patients who receive onabotulinumtoxinA via intradetrusor 
injection for OAB experience elevated postvoid residual vol-
ume (PVR) that may require clean intermittent catheterization 
(CIC) [2–4], which increases the risk of urinary tract infec-
tion [4]. The American Urological Association recommends 
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monitoring PVR prior to intradetrusor botulinum toxin injec-
tion and 2 weeks after the first botulinum toxin injection [5]. 
PVR should be performed immediately after voiding, using 
non-invasive bladder ultrasound (preferred) or alternatively, 
straight catheterization.

The definition of an elevated PVR can range from 100 to 
400 mL, with limited data available to guide diagnosis and 
treatment of patients with elevated PVR [6]. Determining 
which patients are at increased risk for elevated PVR follow-
ing onabotulinumtoxinA treatment would enhance patient 
counseling and inform monitoring patients at risk for ele-
vated PVR.

Several patient characteristics have been identified as poten-
tial risk factors for adverse outcomes following treatment with 
onabotulinumtoxinA for OAB. For instance, elevated baseline 
PVR and voiding efficiency (VE), defined by the formula voided 
volume (VV)/VV + PVR [7], are significant predictors of ad-
verse events (AEs) among patients treated with onabotulinum-
toxinA for OAB [8, 9]. Furthermore, acute urinary retention 
is more common among patients with baseline VE < 90%, and 
low baseline VE is a predictor of large PVR at 3 months after 
onabotulinumtoxinA injection [8, 10]. Increased age has also 
been associated with elevated PVR among patients with urolog-
ical symptoms [6]. The current study was performed to deter-
mine if it would be possible to predict which patients would be 
more likely to experience elevated PVR that could result in CIC 
induction following onabotulinumtoxinA administration using 
another method of measuring VE (i.e., flow index) derived from 
free flow rates.

2   |   Methods

This was a retrospective review of medical chart data from 
three urology clinics in the United States. Electronic medical 
records were queried using Current Procedural Terminology 
code 52287 (cystourethroscopy, with injection(s) for chemo-
denervation of the bladder), then screened to identify male and 
female patients who had been treated with 100–200 U onabot-
ulinumtoxinA per physicians' usual practice for idiopathic 
OAB that was inadequately managed with one or more anti-
cholinergic agents [1]. The dosages used were at the discretion 
of the treating clinician, based on each patients clinical char-
acteristics and treatment needs. Patients were required to be 
≥ 18 years of age on the day of their first onabotulinumtoxinA 
injection and have a negative urine dipstick test for nitrites 
and leukocyte esterase, or be asymptomatic for urinary tract 
infection, at that time. Patients were excluded if symptoms of 
OAB were secondary to a neurological condition, they had a 
PVR > 200 mL within 2 weeks prior to the index therapy or 
had been treated with other botulinum toxin formulations for 
a urinary condition.

Data were collected in accordance with applicable privacy re-
quirements, and no identifying or personal health information 
was collected without written, informed consent by the patient. 
During the study, patient information remained confidential 
and accessible only to investigators and authorized research 
staff, and all data entry and analyses were conducted using 

anonymized study identification codes that were destroyed after 
study completion. De-identified case report forms were to re-
main securely stored for a minimum of 2 years or as necessary 
to conform to local regulations.

For this study, elevated PVR was defined as 200 mL or greater, 
as this was expected to be high enough to require induction of 
CIC. During phase 3 studies, symptomatic patients with a PVR 
of 200 mL or higher may have been catheterized. Only data from 
patients receiving their first treatment with onabotulinumtox-
inA for OAB were used in the analysis. Potential predictors of 
posttreatment PVR ≥ 200 mL analyzed were VE, pretreatment 
free flow peak urine flow rate (Qmax), average urine flow 
rate (Qavg), and flow index (FI) Qmaxactual/Qmaxestimated and 
Qavgactual/Qavgestimated, where estimated flows were derived 
from formulas that predict Qmax and Qavg, created from the 
previously developed Liverpool nomogram equations  [11]. 
These equations (Equations 1–4) were used in the original form 
and modified to include total bladder capacity (TBC) instead of 
VV and are referred to in this analysis as the modified Liverpool 
equations (MLE).

As previously demonstrated, the use of the TBC instead of VV is 
more effective in predicting outcomes than the use of formulas 
that only measure VV [7, 12, 13]; estimated Qmax and Qavg val-
ues by TBC are presented in Table S1. Each potential predictor 
was analyzed individually, then in combination with patient age 
and baseline PVR.

2.1   |   Statistical Analysis

No formal sample size determination was performed. Categorical 
parameters are presented descriptively as number and percent-
age, and continuous parameters as mean, standard deviation 
(SD), median, and range.

Logistic regression analyses were used to evaluate whether pre-
selected patient characteristics were associated with the like-
lihood that PVR would be < 200 versus ≥ 200 mL. Odds ratios 
(ORs), confidence intervals, and p values were derived from the 
logistic regression models. Receiver operating characteristic 
(ROC) curves were used to determine whether specific cutoffs 
(Youden cutoff method [14]) of the potential predictors could 
be identified that were predictive of PVR. Sensitivity, specific-
ity, accuracy, positive predictive value, and negative predictive 
value were also determined. Wilcoxon rank sum, two-sample, 
nonparametric tests were used to compare the distributions of 
the quantitative measures (Qmax, Qavg, MLE Qmax FI, and 
MLE Qavg FI) between the PVR ≥ 200 and < 200 mL cohorts. 
All statistical analyses were performed using R version 3.5.0 

(1)Female MLE Qmax = e(0.511+0.505×ln[TBC])

(2)Female MLE Qavg = (−0.921+0.869× ln[TBC])2

(3)Male MLE Qmax =
(

2.37+0.18×TBC0.5
)2

(4)Male MLE Qavg =
(

1.8+0.14×TBC0.5
)2
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or greater (The R Foundation for Statistical Computing), with 
the notable exception of the ROC analysis of VE, defined as 
PVR/(PVR + VV) (shown in Figure  S3), which was analyzed 
using Microsoft Excel with XLStat version 2022.4.1 (Addinsoft, 
New York, NY).

3   |   Results

3.1   |   Study Population

Posttreatment PVR data were available from 211 patients, 
who were allocated to posttreatment PVR cohorts of < 200 mL 
(n = 173) and ≥ 200 mL (n = 38) (Table  1). Within the elevated 
PVR cohort, patients had values ranging 200–299 mL (n = 25), 
300–399 mL (n = 7), and ≥ 400 mL (n = 6). Demographics and 
clinical characteristics were well-balanced between cohorts. 
Patients in the ≥ 200 mL cohort had failed a mean (± SD) of 

2.4 ± 1.4 prior OAB medications and 100% had no prior exposure 
to botulinum toxins, while patients in the < 200 mL cohort had 
failed 2.8 ± 1.4 prior OAB medications and 95.4% had no prior 
botulinum toxin exposure.

3.2   |   Predictor Analyses

When Qmax and Qavg were each evaluated as individual predic-
tors of elevated posttreatment PVR, trends toward potential re-
lationships with PVR ≥ 200 mL were observed but they were not 
statistically significant. In the PVR ≥ 200 and < 200 mL cohorts, 
mean (± SD) Qmax values were 24.0 ± 8.7 and 21.3 ± 8.5 mL/s, 
respectively (p = 0.0855) (Table  1). For the logistic regression 
analysis, the OR for Qmax versus PVR ≥ 200 mL was 1.04 (95% 
CI: 1.00–1.08; p = 0.0827). In the corresponding ROC analy-
sis, the AUC was 0.5891, sensitivity was 66%, and specificity 
was 51% (Figure S1). In the Qavg analysis, the mean Qavg was 

TABLE 1    |    Baseline demographics, medical history, and urinary flow parameters.

Characteristic

Posttreatment PVR

p< 200 mL (n = 173) ≥ 200 mL (n = 38)

Age (years)

Mean ± SD 68.5 ± 13.8 73.3 ± 10.6 —

Female, n (%) 140 (80.9) 28 (73.7) —

Race, n (%)

African American 23 (13.3) 3 (7.9) —

White 142 (82.1) 33 (86.8) —

Other/unknown 8 (4.6) 2 (5.3) —

Botulinum toxin naive, n (%) 165 (95.4) 38 (100) —

Number of failed OAB medications

Mean ± SD (min, max) 2.8 ± 1.4 (1.0, 8.0) 2.4 ± 1.4 (1.0, 7.0) —

Baseline PVR (mL)

Mean ± SD 29.9 ± 50.9 74.8 ± 73.9 —

Qmax

Mean ± SD 21.3 ± 8.5 24.0 ± 8.7 0.0855

Median (IQR) 20.5 (14.6–27.1) 24.3 (18.0–29.3)

Qmax FI

Mean ± SD 0.7 ± 0.4 0.5 ± 0.3 0.0896

Median (IQR) 0.6 (0.4–0.9) 0.5 (0.3–0.8)

Qavg

Mean ± SD 11.7 ± 4.8 13.3 ± 4.7 0.0773

Median (IQR) 11.8 (7.9–15.2) 14.2 (10.1–16.8)

Qavg FI

Mean ± SD 0.5 ± 0.2 0.3 ± 0.2 0.0020

Median (IQR) 0.4 (0.3–0.6) 0.3 (0.2–0.5)

Abbreviations: FI, flow index, where flow index = actual flow rate/estimated flow rate; IQR, interquartile range; OAB, overactive bladder; PVR, postvoid residual 
urine volume; Qavg, average urine flow; Qmax, peak urine flow, SD, standard deviation.
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13.3 ± 4.7 mL/s in the PVR ≥ 200 mL cohort and 11.7 ± 4.8 mL/s 
in the < 200 mL cohort (p = 0.0773) (Table 1). In the logistic re-
gression analysis, the OR for Qavg versus PVR ≥ 200 mL was 
1.07 (95% CI: 1.00–1.16; p = 0.0727), while the corresponding 
ROC analysis revealed an AUC of 0.5916, sensitivity of 68%, and 
specificity of 50% (Figure S1).

Assessment of MLE Qmax FI or MLE Qavg FI as an individual 
predictor of elevated posttreatment PVR suggested a reduced 
risk of developing elevated posttreatment PVR with increases 
in pretreatment MLE Qmax Fl or MLE Qavg Fl. Mean MLE 
Qmax FI values in the PVR ≥ 200 and < 200 mL cohorts were 
0.5 ± 0.3 and 0.7 ± 0.4, respectively (p = 0.0896) (Table  1). 
The logistic regression analysis of MLE Qmax FI versus PVR 
≥ 200 mL provided a significant OR of 0.30 (95% CI: 0.08–0.91; 
p = 0.0488). In the corresponding ROC curve, AUC was 0.5880, 
sensitivity was 95%, and specificity was 23% (Figure S1). In the 
MLE analysis, the mean Qavg FI in the PVR ≥ 200 mL cohort 
(0.3 ± 0.2) was significantly increased versus the < 200 mL 
cohort (0.5 ± 0.2; p = 0.0020) (Table 1). The logistic regression 
analysis of Qavg FI versus PVR ≥ 200 mL was also significant 
with an OR of 0.07 (95% CI 0.01–0.40; p = 0.0045). In the cor-
responding ROC analysis, the AUC was 0.6603, sensitivity 
was 71%, and specificity was 61% (Figure  S1). Comparison 
of the original Liverpool equations utilizing VV to the MLE 
TBC equations indicated good correlation, as low PVR values 
and greater deviations with increased PVR would be expected 
(Figure  S2). Probability analysis showed that the MLE had 
better discernibility of elevated postvoid residuals than the 

original Liverpool formulas, regardless of whether flow rates 
or flow indexes were being evaluated.

When age was added to Qmax, the OR versus PVR ≥ 200 mL 
in the logistic regression analysis was 1.03 (95% CI: 1.00–1.07; 
p = 0.0601), while adding baseline PVR to Qmax resulted in 
an OR of 1.01 (95% CI: 1.00–1.02; p = 0.0025) (Table 2). In the 
ROC analysis of Qmax with age and baseline PVR, the AUC was 
0.7378, sensitivity was 61%, and specificity was 77%. When pa-
tient age was added to Qavg, the OR versus ≥ 200 mL PVR was 
1.03 (95% CI: 1.00–1.07; p = 0.0570), while the addition of base-
line PVR to Qavg resulted in an OR of 1.01 (95% CI: 1.00–1.02; 
p = 0.0028) (Table 2). In the ROC analysis of Qavg with age and 
baseline PVR, the AUC was 0.7408, sensitivity was 60%, and 
specificity was 79% (Figure 1A).

Similar combined analyses were performed for MLE Qmax FI 
and Qavg FI. For MLE Qmax FI, adding patient age resulted 
in an OR versus ≥ 200 mL PVR of 1.03 (95% CI:1.00–1.07; 
p = 0.0690), while adding baseline PVR to MLE Qmax FI re-
sulted in an OR of 1.00 (95% CI: 1.00–1.02; p = 0.0014). Similar 
results were observed with MLE Qavg FI, as adding patient age 
resulted in an OR of 1.03 (95% CI: 1.00–1.07; p = 0.1031) while 
adding baseline PVR resulted in an OR of 1.01 (95% CI: 1.00–1.01; 
p = 0.0062) (Table 2). In the ROC analysis, the AUC was 0.7362, 
sensitivity was 74%, and specificity was 68% (Figure  1B). As 
shown in Figure 2, the probability of achieving posttreatment 
PVR > 200 mL decreases as MLE Qavg FI increases for all pa-
tients, but the overall risk increases with increased age and 

TABLE 2    |    Logistic regression analysis of Qmax, Qavg, Liverpool Qmax FI, and Qavg FI versus PVR ≥ 200 mL with the addition of age and 
baseline PVR as covariates.

Model Estimate ± SE Odds ratio (95% CI) of PVR ≥ 200 mL p

Qmax

Qmax −0.0150 ± 0.0277 0.99 (0.93–1.04) 0.5885

Age, years 0.0320 ± 0.0170 1.03 (1.00–1.07) 0.0601

Baseline PVR (mL) 0.0108 ± 0.0036 1.01 (1.00–1.02) 0.0024

Qmax FI

Qmax FI −0.0915 ± 0.6316 0.91 (0.24–2.91) 0.8849

Age, years 0.0319 ± 0.0176 1.03 (1.00–1.07) 0.0690

Baseline PVR (mL) 0.0094 ± 0.0029 1.00 (1.00–1.02) 0.0014

Qavg

Qavg −0.0186 ± 0.0491 0.98 (0.89–1.08) 0.7046

Age, years 0.0324 ± 0.0170 1.03 (1.00–1.07) 0.0570

Baseline PVR (mL) 0.0104 ± 0.0035 1.01 (1.00–1.02) 0.0028

Qavg FI

Qavg FI −1.1073 ± 0.9916 0.33 (0.04–2.12) 0.2642

Age, years 0.0281 ± 0.0172 1.03 (1.00–1.07) 0.1031

Baseline PVR (mL) 0.0081 ± 0.0030 1.01 (1.00–1.01) 0.0062

Abbreviations: CI, confidence interval; FI, flow index; IQR, interquartile range; PVR, postvoid residual urine volume; Qavg, average urine flow; Qmax, peak urine 
flow; SE, standard error.
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baseline PVR. In the ROC analysis of VE (n = 211), defined as 
PVR/(PVR + VV), the AUC was 0.716, the sensitivity was 0.684, 
and the specificity was 0.665 (Figure S3).

4   |   Discussion

Results of this exploratory analysis suggest that older patients 
with high pretreatment PVR values and a lower pretreatment 
urine flow may be at higher risk of developing an elevated PVR 
following onabotulinumtoxinA treatment for OAB. In addition, 
a flow index that utilizes TBC in estimated flow calculations, 
whether maximum or average, improved predictive capabilities 
vs. VV formulas or Qmax and Qavg. Similar findings were ob-
served in previous studies that applied flow indexes utilizing 
TBC as the independent variable to better predict outcomes 
based on flow rates [7, 12, 13]. Because flow index normalizes 

differences that may be due to patients' sex, it is an appropriate 
measure of voiding efficiency [7, 13, 15].

These results are important, as predicting which patients may 
have an increased risk of elevated posttreatment PVR follow-
ing onabotulinumtoxinA treatment, and thus may require CIC, 
would allow more effective, individualized counseling for pa-
tients, and for more specific monitoring for those patients at risk. 
In phase 3 clinical trials evaluating onabotulinumtoxinA for 
the treatment of patients with OAB, the proportion of patients 
who developed a PVR ≥ 200 mL was low (8.7% to 8.8%) [2, 3]. 
Notably, in this analysis, only 13 of 211 patients (6%) developed 
a PVR > 300 mL after onabotulinumtoxinA administration. In 
addition, it is thought that many patients who are at low risk of 
elevated PVR and subsequent CIC do not utilize onabotulinum-
toxinA because they mistakenly believe that their risk of these 
adverse effects is high. By providing accurate risk stratification, 

FIGURE 1    |    ROC analysis of (a) Qavg and (b) Qavg FI versus PVR ≥ 200 mL with the addition of age and baseline PVR volume. AUC, area under 
the curve; FI, flow index; PVR, postvoid residual urine volume; Qavg, average urine flow; ROC, receiver operating characteristic.
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better counseling will allow patients who may have otherwise 
incorrectly perceived high risk associated with onabotulinum-
toxinA use to benefit from onabotulinumtoxinA treatment. 
Likewise, this will allow an informed decision regarding the 
benefits and risks of onabotulinumtoxinA treatment for patients 
at high risk of elevated PVR.

These data can be used to develop preliminary nomograms or 
formulas to help physicians better quantify the risk of elevated 
PVR for individual patients treated with onabotulinumtoxinA 
to assist with counseling and follow-up monitoring, similar to 
those previously generated for other urinary conditions [16–18]. 
As the nomograms are refined with more data, these prelimi-
nary nomograms can guide urologists' clinical decision-making 
when considering which patients are candidates for injection. 
For example, from our current analysis, approximately 600 
patients would be needed to develop a nomogram, assuming 
three continuous variables with no other transformation of con-
tinuous variables and a conservative prevalence of PVR at the 
200 mL threshold of 10%. Further studies are needed to produce 
additional nomograms based on these data that can be used by 
urologists in clinical practice.

This study was limited by the retrospective design and limited 
number of patients with elevated PVR values. The results are 
preliminary and should be interpreted with caution, partic-
ularly in light of the small sample size of the PVR > 200 mL 
group. In addition, the analysis did not control for potential 
interdependence among the factors that were examined as 
predictors of elevated PVR. Due to the small sample size and 
exploratory nature of this analysis, we are unable to reliably 
predict a risk cutoff for all three continuous variables simulta-
neously (age, Qmax, and PVR). Follow-up analyses should be 
performed in larger patient populations and employ continuous 
statistical methodology to confirm and extend the findings from 
this exploratory analysis.

5   |   Conclusion

The results of this study suggest that patients who are older and 
have high pretreatment PVR or lower pretreatment urine flow 
may be at higher risk of developing an elevated PVR follow-
ing onabotulinumtoxinA, increasing the risk of CIC induction. 
Few patients develop a PVR > 200 mL and even fewer develop 
a PVR > 300 mL, so retention concerns should be placed in 
context of risk. These preliminary results may aid clinicians in 
identifying which patients may require closer monitoring after 
receiving onabotulinumtoxinA and allow an informed deci-
sion weighing the risks and benefits of onabotulinumtoxinA 
treatment.
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States and Europe and after acceptance of this manuscript for publication. 
The data will be accessible for 12 months, with possible extensions consid-
ered. For more information on the process or to submit a request, visit the 
following link: https://​vivli.​org/​ourme​mber/​abbvie/​ then select “Home.”
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