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Abstract
Introduction and hypothesis Multiple publications have demonstrated the efficacy of percutaneous tibial nerve stimulation
(PTNS) for overactive bladder syndrome (OAB). However, patient characteristics associated with successful treatment have
not been well established.

The aim of this study was to identify prognostic factors for successful PTNS treatment.
Methods This was a retrospective chart review of women who underwent PTNS therapy for OAB between January 2011–
Decemeber 2017. Treatment success was defined by subjective improvement according to patient self-report and objective
bladder diary parameters including the intervoiding interval, nocturia episodes and urgency urinary incontinence (UUI) episodes
per day, before and after PTNS treatment. Baseline symptoms were dichotomized for each symptom based on severity.
Results One hundred sixty-two women with a mean age of 72.7 ± 11.3 years and BMI of 28.5 ± 7.1 were included in the study.
There was a statistically significant improvement in all three OAB symptoms after treatment. Multivariable analysis revealed that
a history of depression and anxiety was associated with subjective improvement, whereas decreased subjective improvement was
associated with a history of hypertension, prior intravesical onabotulinnumtoxinA injection and sacral neuromodulation. While
dichotomizing subjects into two groups defined by < 50% versus ≥ 50% improvement, depression/anxiety, urodynamic volume
at first sensation to void and more severe baseline urgency urinary incontinence severity were all significant predictors of
subjective improvement.
Conclusions Among women treated with PTNS for refractory OAB, a history of depression/anxiety and severe baseline urgency
urinary incontinence were positive predictors of a successful PTNS outcome.
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Introduction

Overactive bladder syndrome (OAB) is a clinical diagnosis
characterized by the presence of bothersome urinary symp-
toms. The International Urogynecological Association and
the International Continence Society Joint Terminology
Committee defines OAB as the presence of Burinary urgency,

usually accompanied by frequency and nocturia, with or with-
out urgency urinary incontinence, in the absence of UTI or
other obvious pathology^ [1]. In population-based studies,
OAB prevalence rates range from 7% to 27% in men and
9% to 43% in women [2–4]. The negative impact of OAB
symptoms on psychosocial functioning and quality of life also
has been well documented [4, 5]. Recent studies indicate that
over 50% of individuals with OAB discontinue pharmacother-
apy at 12 months (regardless of the agent) because of the lack
of efficacy or intolerable side effects [6, 7]. In the patient who
has failed behavioral and pharmacologic therapies or who is
not a candidate for these therapies, onabotulinumtoxinA ther-
apy, PTNS or neuromodulation may be offered.

Percutaneous tibial nerve stimulation (PTNS) is an alterna-
tive accepted neuromodulation therapy approved by the Food
and Drug Administration for nonneurogenic lower urinary
tract dysfunction (LUTD) [8, 9]. Effectiveness of PTNS in
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Table 1 Demographics comparing those who completed vs. those who did not complete 12 weekly sessions

Completed
(N = 162)

Not completed
(N = 21)

p value

N % N %

Age (years), mean ± SD 72.65 ± 11.30 73.81 ± 10.75 0.6583
Race
African-American 3 1.85 0 0.00 0.8957
Caucasian 133 82.10 18 85.71
Asian 4 2.47 0 0.00
Other 21 12.96 3 14.29
Declined/unknown 1 0.62 0 0.00

Weight (kg), mean ± SD 71.10 ± 17.86 71.41 ± 19.35 0.9408
Height (inches), mean ± SD 5.21 ± 0.46 5.17 ± 0.42 0.7240
BMI (kg/m2), mean ± SD 28.47 ± 7.10 28.89 ± 7.26 0.8006
Gravidity, median (range) 2 (0–14) 3 (0–6) 0.3850
Parity, median (range) 2 (0–14) 2 (0–5) 0.6040
H/o breast cancer
Yes 24 14.81 2 9.52 0.5135
No 138 85.19 19 90.48

Diabetes
Yes 17 10.49 5 23.81 0.0775
No 145 89.51 16 76.19

Hypertension
Yes 57 35.19 6 28.57 0.5484
No 105 64.81 15 71.43

Spine disease
Yes 60 37.04 8 38.10 0.9248
No 102 62.96 13 61.90

Depression/anxiety
Yes 49 30.25 3 14.29 0.1270
No 113 69.75 18 85.71

Peripheral neuropathy
Yes 1 0.62 0 0.00 0.7181
No 161 99.38 21 100.00

CNS
Yes 28 17.28 5 23.81 0.4643
No 134 82.72 16 76.19

H/o Spine surgery
Yes 27 16.67 1 4.76 0.1539
No 135 83.33 20 95.24

H/o Urogynecology surgery
Yes 83 51.55 12 57.14 0.6296
No 78 48.45 9 42.86

H/o Gastric bypass
Yes 3 1.85 0 0.00 0.5295
No 159 98.15 21 100.00

H/o interstim
Yes 10 6.17 2 9.52 0.5594
No 152 93.83 19 90.48

H/o botox
Yes 30 18.52 4 19.05 0.9532
No 132 81.48 17 80.95

H/o Instillation
Yes 3 1.85 3 14.29 0.0026
No 159 98.15 18 85.71

Ucx + during treatment period, median (range) 0 (0–5) 0 (0–1) 0.2558
First sense volume (ml), mean ± SD (Urodynamics study) 128.64 ± 81.12 95.53 ± 55.82 0.1289
Strong desire volume (ml), mean ± SD (Urodynamics study) 268.83 ± 118.13 206.27 ± 62.91 0.0036
Capacity (ml), mean ± SD 428.03 ± 166.73 382.80 ± 158.63 0.3239
DO max pressure (cm H2O), mean ± SD (Urodynamics study) 26.45 ± 32.31 26.33 ± 18.29 0.9834
DO start volume (ml), mean ± SD (Urodynamics study) 334.10 ± 166.40 250.13 ± 174.54 0.0730
PVR (ml), mean ± SD 40.73 ± 43.85 40.94 ± 40.78 0.9848
OAB duration (years), mean ± SD 8.65 ± 14.59 10.57 ± 8.21 0.3736
Number of failed medications, mean ± SD 3.22 ± 1.69 3.24 ± 1.79 0.9555
Subjective improvement (%), mean ± SD 57.29 ± 24.96 22.86 ± 21.25 <.0001

Significant values are shown in bold
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OAB, specifically in non-neurogenic OAB, has been proven
in sham-controlled trials in both the number of positive re-
sponders and voiding diary parameters of the patients [10,
11].While comparing its efficiency with anti-muscarinic med-
ications, in the OrBIT trial after 12 weeks of therapy PTNS
treatments demonstrated clinically significant objective reduc-
tions in OAB symptoms and compared favorably to extended-
release tolterodine [9, 12].

Despite reassuring reports on the effectiveness of PTNS
therapy for the treatment of OAB symptoms, there are still
patients whose response to PTNS is unsatisfactory and cur-
rently there are scarce data regarding patient selection charac-
teristics. Efficacy is often not seen during the first 6 weeks of
therapy leading to many patients discontinuing therapy before
they complete a full 12 weeks. Such data regarding patient
selection and predictors of success would be of value to clini-
cians to efficiently utilize PTNS as a healthcare resource and
to minimize the likelihood of patient non-response. The cur-
rent study aimed to investigate patient characteristics that are
predictive of successful PTNS treatment in a sample of wom-
en with refractory OAB treated in a single urogynecology
center.

Methods

This was a retrospective chart review study of women who
underwent PTNS therapy for OAB symptoms between
January 2011–December 2017 in our tertiary center. The study
was approved by the Institutional Review Board of
NorthShore University HealthSystem. Patients who had

completed 12 weekly sessions were recruited to the study.
We excluded charts with incomplete data.

PTNS treatment protocol

Patients presented to the urogynecology clinic for 30-min ses-
sions with the nurse once a week for 12 consecutive weeks. The
PTNS technique has been previously described and consists of
stimulating the nerve by means of a 34-gauge needle electrode
inserted 4–5 cm cephalad to the medial malleolus, delivering an
electric current in a continuous square wave form with a dura-
tion of 200 μs and a frequency of 20 Hz. Consistent with
described best practices, our protocol involved observing for
appropriate toe movement to confirm correct positioning of
the needle electrode. Current intensity was determined by the
highest level tolerated by the patient (Urgent® PC, Cogentix,
Minnetonka, MN, USA). Before each treatment session, the
nurse performing the PTNS asked the patient to report a per-
centage estimate of their subjective improvement or worsening
from baseline on a scale of −100% to +100% over the prior
week. The nurse also asked the patient to quantify the inter-
voiding interval, nocturia episodes and urgency urinary incon-
tinence (UUI) episode frequency over the prior week.

Outcome measures

Subjective outcome was defined by the self-reported percent-
age symptom improvement or worsening compared with
baseline, collected serially at each treatment visit. BObjective
outcome^ was defined by patient-reported values including
the inter-voiding interval, nocturia episodes and urgency uri-
nary incontinence episodes per day before and after treatment.

Table 2 Summary of outcome values at baseline and after 12 weekly PTNS sessions

Baseline 3 Months Change p value

N Mean Median SD N Mean Median SD N Mean Median SD

Inter-void duration (h)/day 162 2.04 2.00 0.94 162 3.10 3.00 0.98 162 1.06 1.00 1.04 < 0.0001

Nocturia/day 162 2.35 2.00 2.22 161 1.29 1.00 1.15 161 −1.06 −0.5 1.86 < 0.0001

Urge urinary leakage/day 162 2.25 1.50 3.15 161 0.91 0.50 1.46 161 −1.33 −0.5 2.47 < 0.0001

Significant values are shown in bold

Table 3 Percent of changes of outcome values from the baseline and
after 12 weekly PTNS sessions

N Mean Median SD

3 Months

Subjective improvement (%) 161 57.29 60.00 24.96

Changes in frequency (%) 162 85.44 50.00 120.24

Changes in nocturia (%) 159 −39.90 −40.00 41.70

Changes in UUI (%) 159 −46.44 −60.00 53.24

Table 4 Correlation between subjective and objective outcome
improvement

r p value

Changes in frequency (%) 0.2355 0.0026

Changes in nocturia (%) −0.2862 0.0003

Changes in UUI (%) −0.4383 < 0.0001

Significant values are shown in bold
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We did not use the written bladder diary. An Bobjective
improvement^ percentage was calculated for each of these
values. Additionally, each baseline symptom was dichoto-
mizedbasedonseverity, specifically: intervoiding interval>1h
vs. < 1 h, nocturia > 3 vs. < 3 episodes and urinary urgency
incontinence > 2 vs. < 2 daily episodes. Each subject’s age,
BMI, parity, medical and surgical history, urodynamic study
variables and duration of OAB symptoms were collected from
the electronic medical record.

Statistical analysis

Demographic data were summarized as means with stan-
dard deviation for continuous variables and as frequencies
and percentages for categorical variables. Paired t-tests
were used to evaluate the change from baseline to the
end of the study for each patient. t-tests and chi-squared
tests were used to assess group differences from baseline
to the end of the study. Multivariable regression models
were utilized to identify significant predictors of subjec-
tive and objective outcomes. The final model was evalu-
ated based on the area under the receiver-operating-
characteristic curve (AUC) for good discrimination. All
statistical analyses were conducted using SAS 9.3 (SAS
Institute Inc., Cary, NC), and p values < 0.05 were con-
sidered statistically significant.

Results

One hundred sixty-two women with a mean age of 72.7 ±
11.3 years, BMI of 28.5 ± 7.1 and median parity of 2 (0–14)
who completed the 12 weekly sessions entered the study.
Additionally, 21 patients during same time period did not
complete the treatment course. Demographic data are summa-
rized in Table 1. There were no statistically significant differ-
ences in demographic values between patients who stopped
the treatment and those who completed the course; however,
their subjective improvement rate was significantly lower.
There was statistically significant improvement (p < 0.05) in
all three OAB symptoms after PTNS treatment (Tables 2 and
3). While overall subjective improvement was weakly corre-
lated with improvement of objective variables, urgency uri-
nary incontinence improvement showed a moderate associa-
tion with self-reported subjective improvement (Table 4).

Multivariable analysis with continuous outcomes showed
that a history of breast cancer was significantly associated
with subjective improvement, and histories of hypertension,
prior intravesical onabotulinnumtoxinA injection and prior
sacral neuromodulation were significantly associated with less
favorable subjective outcomes (Table 5). After dichotomizing
the subjective and objective outcomes into two groups, < 50%
versus ≥ 50% improvement, study variables were then com-
pared between the two groups. This analysis revealed that a
history of depression/anxiety was more prevalent among

Table 5 Multivariable analysis with continuous outcomes

Subjective improvement Frequency improvement Nocturia improvement UUI improvement

Estimate SE p value Estimate SE p
value

Estimate SE p
value

Estimate SE p
value

Intercept 73.6530 15.3169 < 0.0001 −4.1428 80.3601 0.9590 −0.6720 28.5013 0.9812 −93.5818 35.7234 0.0098

Age (years) −0.1760 0.1794 0.3282 1.8484 0.9402 0.0512 −0.5063 0.3305 0.1278 0.5297 0.4163 0.2053

BM I (kg/m2) 0.1354 0.2768 0.6256 −0.3177 1.4585 0.8279 −0.6740 0.4971 0.1773 0.2840 0.6457 0.6608

H/o breast cancer 12.3057 5.3942 0.0240 26.3259 28.4259 0.3559 1.3013 9.6014 0.8924 −13.3255 12.5728 0.2910

Diabetes 3.6956 6.2281 0.5539 −3.5856 32.8219 0.9132 −10.3919 11.0906 0.3504 −5.1189 14.4957 0.7245

Hypertension −8.3390 4.0712 0.0424 14.7830 21.3016 0.4888 −0.3693 7.2122 0.9592 7.6491 9.4713 0.4207

Spine disease −1.8416 4.7579 0.6993 −24.2735 25.0346 0.3339 −4.9187 8.4977 0.5636 −1.7228 11.0991 0.8769

Depression/anxiety 7.1630 4.3616 0.1027 15.9493 22.9613 0.4884 3.9875 7.8470 0.6121 −10.8830 10.2384 0.2896

Peripheral neuropathy −48.1527 23.8246 0.0451 −44.9675 125.5572 0.7208 3.6514 42.3735 0.9315 81.2741 55.4316 0.1448

CNS −10.1397 5.1806 0.0523 −16.5074 27.2722 0.5460 19.3326 9.4184 0.0420 7.5956 12.1831 0.5340

Spine surgery −1.3413 6.1359 0.8273 −30.0573 32.3307 0.3541 7.0793 10.8940 0.5169 −7.0351 14.2704 0.6228

H/o Urogynecology
surgery

2.1206 3.9020 0.5877 −25.4044 20.4360 0.2159 13.4080 6.9893 0.0571 −6.8683 9.0692 0.4501

H/o Gastric bypass −13.4013 14.7413 0.3648 −23.3699 77.6731 0.7639 20.9589 26.1919 0.4249 16.9018 34.3130 0.6231

H/o interstim −16.2862 7.9783 0.0431 1.0619 42.0465 0.9799 17.3575 15.0301 0.2501 −4.3945 18.5760 0.8133

H/o botox −9.9831 5.3943 0.0663 −31.0735 28.4295 0.2762 2.4551 9.9134 0.8048 12.4160 12.7099 0.3303

H/o instillation −4.9678 14.1893 0.7268 −38.7516 74.7596 0.6050 15.0978 25.2227 0.5504 −13.9979 39.1060 0.7209

Number of failed
medications

−1.0568 1.2241 0.3894 −3.6348 6.4512 0.5740 2.2125 2.1844 0.3129 1.4930 2.8588 0.6023
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Table 6 Comparison of variables between outcome categories

(a) Subjective improvement
Subjective improvement
< 50% ≥ 50% p value
N % N %

No. of patients 45 27.78 117 72.22
Age (years), mean ± SD 74.13 ± 13.24 72.09 ± 10.47 0.3550
Race

African-American 0 0.00 3 2.56 0.7584
Caucasian 37 82.22 96 82.05
Asian 1 2.22 3 2.56
Other 7 15.56 14 11.97
Declined/unknown 0 0.00 1 0.85

Weight (kg), mean ± SD 70.40 ± 18.87 71.37 ± 17.53 0.7571
Height (inches), mean ± SD 5.22 ± 0.49 5.21 ± 0.45 0.9277
BMI (kg/m2), mean ± SD 28.24 ± 7.27 28.56 ± 7.06 0.8004
Gravidity, median (range) 2 (0–14) 2 (0–11) 0.7434
Parity, median (range) 2 (0–14) 2 (0–8) 0.6715
H/o breast cancer

Yes 6 13.33 18 15.38 0.7420
No 39 86.67 99 84.62

Diabetes
Yes 4 8.89 13 11.11 0.6793
No 41 91.11 104 88.89

Hypertension
Yes 21 46.67 36 30.77 0.0577
No 24 53.33 81 69.23

Spine disease
Yes 17 37.78 43 36.75 0.9036
No 28 62.22 74 63.25

Depression/anxiety
Yes 8 17.78 41 35.04 0.0321
No 37 82.22 76 64.96

Peripheral neuropathy
Yes 1 2.22 0 0.00 0.1058
No 44 97.78 117 100.00

CNS
Yes 11 24.44 17 14.53 0.1350
No 34 75.56 100 85.47

H/o Spine surgery
Yes 7 15.56 20 17.09 0.8139
No 38 84.44 97 82.91

H/o Urogynecology surgery
Yes 26 57.78 57 49.14 0.3249
No 19 42.22 59 50.86

H/o Gastric bypass
Yes 1 2.22 2 1.71 0.8283
No 44 97.78 115 98.29

H/o interstim
Yes 5 11.11 5 4.27 0.1053
No 40 88.89 112 95.73

H/o botox
Yes 11 24.44 19 16.24 0.2285
No 34 75.56 98 83.76

H/o Instillation
Yes 1 2.22 2 1.71 0.8283
No 44 97.78 115 98.29

Ucx + during treatment period, median (range) 0 (0–2) 0 (0–5) 0.0841
First sense volume, mean ± SD (Urodynamics study) 123.93 ± 91.97 130.68 ± 76.51 0.6920
Strong desire volume, mean ± SD (Urodynamics study) 272.10 ± 108.55 267.52 ± 122.43 0.8564
Capacity volume, mean ± SD 440.34 ± 160.55 422.91 ± 170.00 0.6213
DO max pressure, mean ± SD (Urodynamics study) 31.62 ± 48.33 24.25 ± 22.43 0.4374
DO start volume, mean ± SD (Urodynamics study) 360.29 ± 158.03 322.16 ± 169.87 0.2927
PVR, mean ± SD 43.27 ± 53.57 39.69 ± 39.52 0.7146
OAB symptoms duration (years), mean ± SD 8.13 ± 5.72 8.86 ± 16.93 0.6918
Number of failed medications, mean ± SD 3.60 ± 1.89 3.07 ± 1.59 0.0727
Baseline frequency severity

< 1 h 2 4.44 10 8.55 0.3718
≥ 1 h 43 95.56 107 91.45

Baseline nocturia severity
< 3 times 28 62.22 79 67.52 0.5235
≥ 3 times 17 37.78 38 32.48

Baseline UUI severity
< 2 times 29 64.44 63 53.85 0.2226
≥ 2 times 16 35.56 54 46.15

(b) Frequency improvement
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Table 6 (continued)

Frequency improvement
< 50% ≥ 50% p value
N % N %

No. of patients 67 41.36 95 58.64
Age (years), mean ± SD 70.78 ± 13.59 73.98 ± 9.22 0.0965
Race

African-American 2 2.99 1 1.05 0.6016
Caucasian 55 82.09 78 82.11
Asian 1 1.49 3 3.16
Other 8 11.94 13 13.68
Declined/unknown 1 1.49 0 0.00

Weight (kg), mean ± SD 72.52 ± 19.93 70.11 ± 16.28 0.3994
Height (in), mean ± SD 5.23 ± 0.44 5.20 ± 0.47 0.7032
BMI (kg/m2), mean ± SD 28.92 ± 7.92 28.16 ± 6.49 0.5069
Gravidity, median (range) 2 (0–14) 2.5 (0–14) 0.5664
Parity, median (range) 2 (0–14) 2 (0–10) 0.9280
H/o breast cancer

Yes 7 10.45 17 17.89 0.1889
No 60 89.55 78 82.11

Diabetes
Yes 7 10.45 10 10.53 0.9872
No 60 89.55 85 89.47

Hypertension
Yes 23 34.33 34 35.79 0.8479
No 44 65.67 61 64.21

Spine disease
Yes 30 44.78 30 31.58 0.0867
No 37 55.22 65 68.42

Depression/anxiety
Yes 19 28.36 30 31.58 0.6603
No 48 71.64 65 68.42

Peripheral neuropathy
Yes 1 1.49 0 0.00 0.2323
No 66 98.51 95 100.00

CNS
Yes 13 19.40 15 15.79 0.5491
No 54 80.60 80 84.21

H/o Spine surgery
Yes 15 22.39 12 12.63 0.1008
No 52 77.61 83 87.37

H/o Urogynecology surgery
Yes 36 53.73 47 50.00 0.6405
No 31 46.27 47 50.00

H/o Gastric bypass
Yes 2 2.99 1 1.05 0.3689
No 65 97.01 94 98.95

H/o interstim
Yes 6 8.96 4 4.21 0.2165
No 61 91.04 91 95.79

H/o botox
Yes 17 25.37 13 13.68 0.0593
No 50 74.63 82 86.32

H/o Instillation
Yes 2 2.99 1 1.05 0.3689
No 65 97.01 94 98.95

Ucx + during treatment period, median (range) 0 (0–3) 0 (0–5) 0.6908
First sense volume, mean ± SD (Urodynamics study) 132.54 ± 83.47 125.79 ± 79.92 0.6999
Strong desire volume, mean ± SD (Urodynamics study) 260.61 ± 99.54 274.94 ± 130.69 0.5356
Capacity, mean ± SD 408.51 ± 157.22 442.82 ± 173.39 0.2894
DO max pressure, mean ± SD (Urodynamics study) 33.03 ± 43.80 21.84 ± 20.02 0.1378
DO start volume, mean ± SD (Urodynamics study) 318.90 ± 146.32 345.30 ± 180.23 0.4382
PVR, mean ± SD 46.54 ± 53.46 36.49 ± 35.03 0.2313
OAB symptoms duration (years), mean ± SD 6.81 ± 4.19 9.92 ± 18.61 0.1246
Number of failed medications, mean ± SD 3.37 ± 1.96 3.11 ± 1.47 0.3459
Baseline frequency severity

< 1 h 0 0 12 12.63 0.0025
≥ 1 h 67 100 83 87.37

Baseline nocturia severity
< 3 times 45 67.16 62 65.26 0.8013
≥ 3 times 22 32.84 33 34.74

Baseline UUI severity
< 2 times 42 62.69 50 52.63 0.2033
≥ 2 times 25 37.31 45 47.37

(c) Nocturia improvement
Nocturia improvement
> −50% ≤ −50% p value
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Table 6 (continued)

N % N %
No. of patients 84 51.85 78 48.15
Age (years), mean ± SD 71.94 ± 12.58 73.42 ± 9.77 0.4016
Race

African-American 2 2.38 1 1.28 0.6717
Caucasian 69 82.14 64 82.05
Asian 3 3.57 1 1.28
Other 10 11.90 11 14.10
Declined/unknown 0 0.00 1 1.28

Weight (kg), mean ± SD 69.60 ± 18.89 72.72 ± 16.66 0.2684
Height (inches), mean ± SD 5.23 ± 0.44 5.19 ± 0.48 0.6583
BMI (kg/m2), mean ± SD 27.66 ± 7.11 29.34 ± 7.02 0.1335
Gravidity, median (range) 2 (0–14) 3 (0–11) 0.6487
Parity, median (range) 2 (0–14) 2 (0–8) 0.7488
H/o breast cancer

Yes 11 13.10 13 16.67 0.5226
No 73 86.90 65 83.33

Diabetes
Yes 6 7.14 11 14.10 0.1487
No 78 92.86 67 85.90

Hypertension
Yes 30 35.71 27 34.62 0.8837
No 54 64.29 51 65.38

Spine disease
Yes 30 35.71 30 38.46 0.7175
No 54 64.29 48 61.54

Depression/anxiety
Yes 31 36.90 18 23.08 0.0556
No 53 63.10 60 76.92

Peripheral neuropathy
Yes 1 1.19 0 0.00 0.3337
No 83 98.81 78 100.00

CNS
Yes 18 21.43 10 12.82 0.1477
No 66 78.57 68 87.18

H/o Spine surgery
Yes 14 16.67 13 16.67 1.000
No 70 83.33 65 83.33

H/o Urogynecology surgery
Yes 46 54.76 37 48.05 0.3948
No 38 45.24 40 51.95

H/o Gastric bypass
Yes 3 3.57 0 0.00 0.092
No 81 96.43 78 100.00

H/o interstim
Yes 7 8.33 3 3.85 0.2357
No 77 91.67 75 96.15

H/o botox
Yes 17 20.24 13 16.67 0.5587
No 67 79.76 65 83.33

H/o Instillation
Yes 3 3.57 0 0.00 0.0920
No 81 96.43 78 100.00

Ucx + during treatment period, median (range) 0 (0–5) 0 (0–3) 0.4041
First sense volume , mean ± SD (Urodynamics study) 128.56 ± 84.43 128.72 ± 78.41 0.9919
Strong desire volume , mean ± SD (Urodynamics study) 264.29 ± 100.56 273.55 ± 134.79 0.6876
Capacity, mean ± SD 411.29 ± 158.88 445.07 ± 174.19 0.2923
DO max pressure, mean ± SD (Urodynamics study) 30.21 ± 40.05 22.78 ± 22.12 0.2629
DO start volume, mean ± SD (Urodynamics study) 324.37 ± 167.32 343.64 ± 166.63 0.5672
PVR, mean ± SD 41.36 ± 41.10 40.03 ± 47.02 0.8652
OAB symptoms duration (years), mean ± SD 9.48 ± 19.80 7.78 ± 5.02 0.4597
Number of failed medications, mean ± SD 3.31 ± 1.70 3.12 ± 1.68 0.4666
Baseline frequency severity

< 1 h 6 7.14 6 7.69 0.8939
≥ 1 h 78 92.86 72 92.31

Baseline nocturia severity
< 3 times 59 70.24 48 61.54 0.2427
≥ 3 times 25 29.76 30 38.46

Baseline UUI severity
< 2 times 50 59.52 42 53.85 0.4661
≥ 2 times 34 40.48 36 46.15

(d) UUI improvement
UUI improvement
> −50% ≤ −50% p value
N % N %

No. of patients 65 40.12 97 59.88
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women with ≥ 50% subjective improvement after PTNS treat-
ment (p = 0.0321). Lower PVR and severe baseline urgency

urinary incontinence (≥ 2 daily episodes) were independently
predictive of > 50% improvement in urge urinary leakage

Table 6 (continued)

Age (years), mean ± SD 74.09 ± 19.48 71.69 ± 10.83 0.1858
Race

African-American 2 3.08 1 1.03 0.1243
Caucasian 58 89.23 75 77.32
Asian 0 0.00 4 4.12
Other 5 7.69 16 16.49
Declined/unknown 0 0.00 1 1.03

Weight (kg), mean ± SD 72.58 ± 19.48 70.11 ± 16.72 0.3901
Height (inches), mean ± SD 5.28 ± 0.45 5.16 ± 0.46 0.1179
BMI (kg/m2), mean ± SD 28.36 ± 7.49 28.55 ± 6.87 0.8743
Gravidity, median (range) 2 (0–14) 3 (0–14) 0.5227
Parity, median (range) 2 (0–14) 2 (0–10) 0.6004
H/o breast cancer

Yes 8 12.31 16 16.49 0.4621
No 57 87.69 81 83.51

Diabetes
Yes 5 7.69 12 12.37 0.3409
No 60 92.31 85 87.63

Hypertension
Yes 26 40.00 31 31.96 0.2935
No 39 60.00 66 68.04

Spine disease
Yes 24 36.92 36 37.11 0.9804
No 41 63.08 61 62.89

Depression/anxiety
Yes 17 26.15 32 32.99 0.3532
No 48 73.85 65 67.01

Peripheral neuropathy
Yes 1 1.54 0 0.00 0.2204
No 64 98.46 97 100.00

CNS
Yes 11 16.92 17 17.53 0.9208
No 54 83.08 80 82.47

H/o Spine surgery
Yes 10 15.38 17 17.53 0.7200
No 55 84.62 80 82.47

H/o Urogynecology surgery
Yes 33 50.77 50 52.08 0.8700
No 32 49.23 46 47.92

Gastric bypass
Yes 2 3.08 1 1.03 0.3438
No 63 96.92 96 98.97

H/o interstim
Yes 4 6.15 6 6.19 0.9934
No 61 93.85 91 93.81

H/o botox
Yes 15 23.08 15 15.46 0.2215
No 50 76.92 82 84.54

Instillation
Yes 1 1.54 2 2.06 0.8086
No 64 98.46 95 97.94

Ucx + during treatment period, median (range) 0 (0–3) 0 (0–5) 0.7378
First sense volume, mean ± SD (Urodynamics study) 134.11 ± 89.23 124.80 ± 75.40 0.5575
Strong desire volume, mean ± SD (Urodynamics study) 271.72 ± 126.02 260.31 ± 112.80 0.3589
Capacity, mean ± SD 412.41 ± 159.28 438.60 ± 172.00 0.4236
DO max pressure, mean ± SD (Urodynamics study) 28.59 ± 42.34 25.02 ± 23.62 0.6337
DO start volume, mean ± SD (Urodynamics study) 331.63 ± 168.88 335.84 ± 166.09 0.9021
PVR, mean ± SD 53.48 ± 52.38 32.00 ± 34.65 0.0112
OAB symptoms duration (years), mean ± SD 7.18 ± 4.31 9.59 ± 18.35 0.2221
Number of failed medications, mean ± SD 3.35 ± 1.96 3.12 ± 1.48 0.4232
Baseline frequency severity

< 1 h 4 6.15 8 8.25 0.6180
≥ 1 h 61 93.85 89 91.75

Baseline nocturia severity
< 3 times 45 69.23 62 63.92 0.4839
≥ 3 times 20 30.77 35 36.08

Baseline UUI severity
≤ 2 times 46 70.77 46 47.42 0.0033
≥ 2 times 19 29.23 51 52.58

Significant values are shown in bold
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episodes (p < 0.05), as illustrated in Table 6 a,b,c,d.
Multivariable analysis with decategorized outcomes identified
a baseline history of depression/anxiety; a higher first sensa-
tion to void during cystometry and severe baseline urgency
urinary incontinence had higher odds of having a ≥ 50% sub-
jective improvement (Table 7, Fig. 1). On the other hand,
patients with higher maximum detrusor pressure on multi-
channel urodynamics and severe baseline nocturia demon-
strated a significantly lower likelihood of ≥ 50% subjective
improvement (Table 7).

Discussion

The majority of refractory OAB patients in our study experi-
enced subjective and objective improvement after 12 weekly
sessions of PTNS treatment although interestingly self-
reported subjective improvement was weakly associated with
objective voiding diary improvement. A history of depression/
anxiety and more severe baseline urinary urgency leakage (≥ 2
episodes) were positive predictors of successful PTNS treat-
ment (OR 11.7, p = 0.02 and OR 8.2, p = 0.01, respectively).
On the other hand, a baseline history of > 2 nocturia episodes
was a negative predictor of successful PTNS treatment (OR
0.15, p = 0.03). Higher detrusor pressures during urge urinary
leakage were associated with a greater chance of failure with

PTNS. We have shown this to be true with other therapies for
detrusor overactivity [13].

Vandoninck et al. studied the effect of PTNS for UUI. In a
prospective multicenter study, 35 patients with complaints of
urge incontinence underwent 12 weekly PTNS sessions.
Twenty-two patients (63%) reported a subjective success in
that study, with 24 (70%) showing > 50% reduction in total
number of leakage episodes. Sixteen (46%) of these patients
were completely cured (i.e., no leakage episodes) after 12
sessions. None of the baseline characteristics proved to be a
significant predictor for subjective success [14]. Van Balken
et al. investigated patient prognostic characteristics for suc-
cessful PTNS therapy in 83 patients treated for OAB, 16 for
non-obstructive urinary retention and 33 for chronic pelvic
pain. All patients had to complete voiding or pain diaries as
well as quality of life questionnaires before and after treat-
ment. Objective success was seen in 32.6% of patients, sub-
jective success in 51.5%. Most evaluated clinical parameters
proved not to be of prognostic value. However, a low total
score at baseline in the Short Form-36 health survey question-
naire proved to be predictive for not obtaining objective [OR
0.444 (95% CI: 0.198–0.996), p = 0.04] or subjective success
[OR 0.424 (CI: 0.203–0.887), p = 0.02] [10]. Especially pa-
tients with a low SF-36 Mental Component Summary were
prone to fail neuromodulation therapy: OR 0.123 (95% CI:
0.273–0.552), p = 0.006 for objective success. An additional
analysis of 90 patients evaluated urodynamic changes after
PTNS for the treatment of OAB to identify urodynamic-
based predictive factors; logistic regression showed that none
of the baseline characteristics (cystometric capacity, volume at
detrusor instability, detrusor pressure at detrusor instability)
were significant predictors of subjective success [15].

Our study is limited by the inclusion criteria that limited the
study sample to subjects who completed 12 weekly PTNS
treatment sessions. While this allows for a valuable retrospec-
tive assessment of success among a sample of women who
committed time and resources to PTNS induction, these criteria
represent a limitation as they exclude women who discontinued
treatment before the end of their 12-week induction. As a result,
our study may be impacted by self-selection and thus may
underestimate the percentage of women with refractory OAB
who experience unsuccessful PTNS treatment. However, it is
worth noting that PTNS treatment should involve a standard
protocol of patients and clinicians committing to the full 12-
week induction period before drawing conclusions, so in this
respect our study design represents a realistic clinical setting
and analysis. Strengths of our study include a relatively large
study population, and PTNS treatments delivered by nurses
highly experienced with PTNS practicing in a single tertiary
setting. Additionally, our urodynamics protocol, serial measure-
ment of patient self-reported outcome at each treatment visit
and robust EMR allowed us to analyze a wide range of vari-
ables and assess their role in treatment success.

Fig. 1 Receiver-operating characteristic (ROC) curve for the final multi-
variable subjective improvement model adjusting for age, BMI, history of
(breast cancer, diabetes, hypertension, spine disease, depression/anxiety,
CNS, spine surgery, urogynecology surgery, gastric bypass, interstim,
botox, instillation), first sensation volume, strong desire volume, capacity,
DO max pressure, DO start volume, PVR, OAB duration, number of
failed medications and baseline symptom severity

1744 Int Urogynecol J (2019) 30:1735–1745



In summary, the majority of women with refractory OAB
in our study experienced substantial symptom improvement
after 12-week PTNS induction.More severe baseline UUI and
depression and anxiety were independently predictive of treat-
ment success, while more severe nocturia (> 3) and high pres-
sure detrusor over-activity predicted less successful outcomes.
These findings may help to refine patient selection for this
treatment modality as clinicians continue to understand the
most efficient and clinically beneficial ways in which to target
this promising therapy.
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