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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Objective: To evaluate the clinical efficacy and safety of a 

combined rehabilitation program consisting of intradetrusor 
injection of botulinum toxin type A followed by a course of 
percutaneous tibial nerve stimulation (PTNS) in women with 
urgency urinary incontinence associated with diabetes mellitus.

Materials and methods: This prospective, non-randomized 
comparative clinical study included 135 women with type 2 
diabetes mellitus. Of these, 105 women had urgency urinary 
incontinence persisting despite standard conservative therapy and 
entered the treatment comparison, and 30 women with diabetes 
mellitus but without urgency urinary incontinence or overactive 
bladder symptoms served as a non-incontinent reference 
(control) group. Assignment of the 105 symptomatic women 
to treatment was made prospectively on the basis of predefined 
clinical eligibility for third-line therapy and documented patient 
preference; no randomization procedure was used. The main 
group (n=50) received intradetrusor injection of botulinum 
toxin type A with hemagglutinin complex at a total dose of 
300 U followed by 12 weekly PTNS sessions. The comparison 
group (n=55) received standard conservative therapy. The 
reference group received no study intervention and was used 
only for general clinical and nosological characterization; it was 
not included in any efficacy or safety comparison. The primary 
endpoint was the change in the number of daily urgency urinary 
incontinence episodes after 12 weeks.

Results: After 12 weeks, the frequency of urgency urinary 
incontinence episodes decreased from 5.8±1.4 to 1.4±0.8 
episodes per day in the main group and from 5.7±1.3 to 3.9±1.2 
episodes per day in the comparison group. The between-group 
difference in final values was -2.5 episodes per day (95% CI: 
-2.9 to -2.1; p<0.001). The main group also demonstrated a 
more pronounced decrease in ICIQ-SF score, OAB-q Symptom 
Bother score and NGF/Cr level, an increase in effective voided 
volume, and improvement in pelvic floor ENMG parameters. 
Transient urinary retention was recorded in 3 patients (6.0%) in 
the main group and was reversible.

Conclusion: A combined program including intravesical 
botulinum toxin therapy and PTNS provides a statistically 
and clinically significant reduction in symptoms of urgency 
urinary incontinence in women with diabetes mellitus and has 
an acceptable safety profile. Dynamic monitoring of postvoid 
residual urine is necessary to reduce the risk of complications 
after botulinum toxin therapy. Because treatment was not 
allocated at random, these findings should be regarded as 

hypothesis-generating and require confirmation in randomized 
controlled trials.

Key words. Urgency urinary incontinence, overactive bladder, 
diabetes mellitus, botulinum toxin, percutaneous tibial nerve 
stimulation, nerve growth factor.
List of Abbreviations.

BoNT-A - Botulinum Toxin Type A; CI - Confidence Interval; 
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Introduction.

Urgency urinary incontinence in women with diabetes mellitus 
represents an important interdisciplinary problem involving 
urology, endocrinology and medical rehabilitation [1-4]. Unlike 
isolated idiopathic overactive bladder, storage symptoms 
in patients with diabetes mellitus often develop against the 
background of diabetic autonomic neuropathy, impaired 
sensory regulation of the bladder, altered detrusor contractile 
activity and secondary dysfunction of the pelvic floor muscles. 
This combination of factors is associated with a more severe 
clinical course, reduced quality of life, restriction of social 
activity and a higher probability of an insufficient response to 
standard conservative therapy.

Current clinical guidelines consider behavioral therapy, 
bladder training and pharmacological correction to be important 
components of overactive bladder management [5-7]. However, 
in patients with diabetes mellitus, anticholinergic drugs and 
beta-3 adrenoceptor agonists may have limited efficacy or 
insufficient tolerability because of comorbidity, polypharmacy 
and age-related factors [8]. Under these conditions, third-line 
methods, including intradetrusor injection of botulinum toxin 
type A and neuromodulation technologies, become particularly 
important.

Botulinum toxin type A reduces detrusor overactivity through 
effects on cholinergic transmission and sensory mechanisms of 
the urothelium [9-12], whereas PTNS modulates sacral reflex 
pathways through stimulation of the posterior tibial nerve 
[13-17]. Sequential use of these methods may affect two key 
pathogenetic components of UUI in patients with diabetes 
mellitus - motor detrusor overactivity and sensory neurogenic 
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dysregulation. However, clinical studies of the combined use of 
botulinum toxin therapy and PTNS specifically in women with 
UUI associated with diabetes mellitus remain limited.

The use of objective markers of efficacy provides additional 
scientific value. Along with voiding diaries and validated 
questionnaires, promising indicators include urinary nerve 
growth factor, which reflects sensory hyperactivity and 
neurogenic inflammation, and ENMG parameters of the 
pelvic floor muscles [18]. Comprehensive assessment of these 
indicators makes it possible to move from simple symptom 
registration to a pathogenetically based evaluation of the 
rehabilitation outcome.
Objective.

To evaluate the clinical efficacy and safety of a combined 
rehabilitation program including intradetrusor injection of 
botulinum toxin type A followed by a course of PTNS in 
women with urgency urinary incontinence associated with type 
2 diabetes mellitus.
Materials and Methods.

Study design and participants: This was a prospective, 
single-centre, open-label, non-randomized comparative clinical 
study (a controlled quasi-experimental design) conducted at 
the clinics of Samarkand State Medical University. The report 
follows the STROBE statement for observational studies [19]. 
The overall design, group assignment and assessment schedule 
are summarized in Figure 1.

A total of 135 women with type 2 diabetes mellitus were 
enrolled. Of these, 105 women had clinically confirmed UUI 
corresponding to the OAB symptom complex that persisted 
despite standard conservative therapy, and 30 women had 
diabetes mellitus without UUI or OAB symptoms and formed 
the reference (control) group described below.
Group assignment:

No randomization procedure of any kind was used. Patients 
were not allocated by a random number sequence, by concealed 
envelopes, or by any other chance mechanism, and no allocation 
concealment or blinding of participants, treating clinicians or 
outcome assessors was applied. Instead, the 105 symptomatic 
women were assigned prospectively at the time of enrolment 
according to predefined clinical criteria and documented patient 
choice:
•	 women who met all inclusion criteria, had no contraindication 

to intradetrusor botulinum toxin injection or to electrical 
stimulation, were able to attend 12 consecutive weekly 
PTNS sessions, and gave separate written consent for third-
line invasive treatment after a structured discussion of the 
expected benefits, risks and alternatives, were assigned to the 
main group (n=50);

•	 women in whom the invasive third-line option was 
contraindicated, who declined it after the same structured 
discussion, or who were unable to commit to the weekly 
PTNS schedule, continued optimized standard conservative 
therapy and formed the comparison group (n=55).

Because assignment followed clinical eligibility and patient 
preference rather than chance, the two treatment groups were not 
protected against selection bias by design. To make the residual 

risk of confounding explicit, all baseline clinical, functional, 
biochemical and neurophysiological parameters were compared 
between the two groups before treatment (Table 1), and the 
structure of concomitant disease was compared as well (Table 
2); the corresponding limitations are stated in the “Strengths and 
limitations” section.
Reference (control) group:

The 30 women of the reference group were recruited over 
the same period from the endocrinology service of the same 
institution. They had type 1 or type 2 diabetes mellitus of 
comparable clinical status but no urgency, urgency incontinence 
or other OAB symptoms, and therefore had no indication for 
any of the interventions studied. This group was defined a priori 
as a non-incontinent diabetic reference group with a single, 
explicitly descriptive purpose: to characterize the general 
clinical and nosological background - in particular the structure 
of concomitant somatic disease (Table 2) - against which UUI 
develops in women with diabetes mellitus, and thereby to show 
that the comorbidity profile of women with diabetic UUI is not 
simply that of the diabetic population at large.

Members of this group received no study intervention, 
underwent no repeat assessment at week 12, and contributed 
no data to any efficacy or safety comparison. Their data are 
consequently not pooled into the baseline efficacy comparisons 
of Table 1: they were neither symptomatic nor treated, so they 
cannot serve as an untreated control arm for a treatment effect 
and combining them with the symptomatic groups would 
produce a biased baseline. To make their inclusion informative 
rather than merely descriptive, the nosological distribution 
reported in Table 2 is now analysed statistically (see “Statistical 
analysis” and Table 2).
Inclusion and exclusion criteria:

The inclusion criteria for the two treatment groups were female 
sex; age 45-70 years; presence of type 2 diabetes mellitus; 
clinical symptoms of UUI and OAB; urgency, increased 
urinary frequency and/or nocturia; persistent symptoms despite 
previously administered standard therapy; ability to maintain 
a voiding diary and complete questionnaires; and written 
informed consent. The exclusion criteria were stress urinary 
incontinence as the predominant type of incontinence, active 
urinary tract infection, organic bladder pathology, pronounced 
lower urinary tract obstruction, decompensated somatic disease, 
pregnancy, lactation, and contraindications to botulinum toxin 
therapy or electrical stimulation.

A formal sample size calculation was not performed before 
the study, which was considered a methodological limitation. 
Nevertheless, the number of included patients made it possible 
to detect statistically significant differences in the primary 
endpoint after 12 weeks of follow-up.
Therapeutic interventions:

Patients in the main group underwent endoscopic intradetrusor 
injection of botulinum toxin type A with hemagglutinin 
complex at a total dose of 300 U. The study drug was Dysport® 
(botulinum toxin type A - hemagglutinin complex; Ipsen 
Biopharm Ltd., United Kingdom; marketing authorization 
holder: Ipsen Pharma, France; dosage form: lyophilizate for 
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Figure 1. Study design, group assignment and assessment schedule. BoNT-A - botulinum toxin type A; PTNS - percutaneous tibial nerve 
stimulation; UUI - urgency urinary incontinence; OAB - overactive bladder.

solution for injection, 300 U per vial). The drug was injected 
into 15 standard detrusor sites, excluding the trigone of the 
bladder. This dosage refers to the specific botulinum toxin type 
A formulation with hemagglutinin complex used in the study 
protocol; activity units of different botulinum toxin preparations 
are not interchangeable, which is essential for the correct 
interpretation of safety.

The choice of a total dose of 300 U was made prospectively and 
rests on three considerations. First, 300 U of abobotulinumtoxinA 
is an established therapeutic dose for this indication: it was the 
dose used in a recent randomized clinical study of intradetrusor 
abobotulinumtoxinA in women with overactive bladder, 
which reported significant improvement in incontinence 
episodes, urinary frequency and quality-of-life scores [20]. 
Second, units of different botulinum toxin type A preparations 
are not interchangeable, and the abobotulinumtoxinA-to-

onabotulinumtoxinA conversion ratio most often applied in the 
lower urinary tract lies between approximately 2.5:1 and 3:1 
[21]; a total dose of 300 U therefore corresponds approximately 
to the 100 U onabotulinumtoxinA dose established for 
idiopathic OAB, rather than to the higher doses (500-750 U 
abobotulinumtoxinA) used for refractory or neurogenic detrusor 
overactivity [22]. Third, and decisively for this population, 
higher abobotulinumtoxinA doses carry a substantially greater 
risk of impaired bladder emptying: in a direct comparative series, 
abobotulinumtoxinA 500 U was followed by symptomatic 
urinary retention requiring intermittent self-catheterization 
in 42% of patients, versus 23% after onabotulinumtoxinA 
200 U, with no gain in symptomatic efficacy [21]. In women 
with diabetes mellitus, in whom diabetic cystopathy, impaired 
detrusor contractility and increased susceptibility to urinary 
tract infection make incomplete bladder emptying particularly 
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Figure 2. Dynamics of daily urgency urinary incontinence episodes at baseline and after 12 weeks of treatment. Bars show mean values; 
whiskers show standard deviations.

Figure 3. Relative improvement of key clinical parameters after 12 weeks of treatment (%).
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Figure 4. Dynamics of the urinary nerve growth factor-to-creatinine ratio (NGF/Cr) at baseline and after 12 weeks of treatment. Bars show 
mean values; whiskers show standard deviations.

Figure 5. Relative dynamics of key ENMG parameters of the pelvic floor muscles after 12 weeks of treatment (%).
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Figure 6. Dynamics of postvoid residual urine volume as a safety indicator of therapy. Symbols show mean values; whiskers show standard 
deviations. The dashed line marks the 100 mL threshold used clinically to prompt closer monitoring of bladder emptying.

Parameter Main group (n=50) Comparison group (n=55) p
Urgency episodes, per day 9.6±1.9 9.4±1.8 0.582
Daytime micturition frequency, per day 11.7±2.0 11.5±1.9 0.601
Nocturia, episodes per night 2.9±0.8 2.8±0.8 0.524
UUI episodes, per day 5.8±1.4 5.7±1.3 0.706
Effective voided volume, mL 158.1±33.0 161.1±31.0 0.633
ICIQ-SF score 16.4±2.0 16.2±2.1 0.618
OAB-q Symptom Bother, 0-100 score 67.9±7.3 68.1±7.0 0.887
OAB-q Symptom Bother, original 8-48 scale 35.1±3.0 35.2±2.8 0.861
NGF/Cr, pg/mg creatinine 42.5±10.2 41.8±9.8 0.721
Maximum ENMG amplitude, μV 314.0±72.0 318.0±69.0 0.772
Urgency holding time, s 3.9±1.1 4.0±1.0 0.628
Postvoid residual urine, mL 31.0±11.9 28.9±11.0 0.351

Table 1. Baseline clinical and functional parameters of patients in the treatment groups.

Note. Data are presented as M±SD; Student’s t-test or a non-parametric analogue was used for between-group comparisons depending 
on distribution. The reference (control) group is not shown in this table because its members had no UUI or OAB symptoms and received no 
intervention; including them would not provide a valid untreated comparator for the endpoints listed above.

Nosological group Main group (n=50) Comparison group (n=55) Reference group (n=30) p¹ p²
Cardiovascular system 7 (14.0%) 15 (27.3%) 17 (56.7%) 0.149 <0.001
Musculoskeletal system and connective tissue 24 (48.0%) 27 (49.1%) 4 (13.3%) 1.000 <0.001
Bronchopulmonary system 8 (16.0%) 7 (12.7%) 1 (3.3%) 0.782 0.121
Gastrointestinal and hepatobiliary system 2 (4.0%) 4 (7.3%) 8 (26.7%) 0.680 0.003
Nervous system / psychoneurological pathology 4 (8.0%) 1 (1.8%) 0 0.189 0.586
Gynecological system 0 (0.0%) 0 (0.0%) 0 n/a n/a
No other nosology except diabetes mellitus 5 (10.0%) 1 (1.8%) 0 0.100 0.338

Table 2. Distribution of patients by concomitant nosological groups excluding diabetes mellitus.

Note. Data are presented as n (%). The reference (control) group comprises women with type 1 or type 2 diabetes mellitus without UUI or OAB 
symptoms, who received no study intervention. p¹ - Fisher’s exact test, main group vs comparison group; p² - Fisher’s exact test, both treatment 
groups combined (n=105) vs reference group (n=30).
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Parameter Main group: 
baseline -> 12 weeks

Comparison group: 
baseline -> 12 weeks Relative change Difference at week 12,

95% CI
Urgency episodes, per day 9.6±1.9 -> 2.1±1.0 9.4±1.8 -> 6.5±1.9 -78.1% / -30.8% -4.40 (-4.98; -3.82)
Daytime micturition frequency, per day 11.7±2.0 -> 6.7±1.4 11.5±1.9 -> 8.9±1.6 -42.7% / -22.6% -2.20 (-2.78; -1.62)
Nocturia, episodes per night 2.9±0.8 -> 1.0±0.5 2.8±0.8 -> 2.2±0.7 -65.6% / -21.2% -1.20 (-1.43; -0.97)
UUI episodes, per day 5.8±1.4 -> 1.4±0.8 5.7±1.3 -> 3.9±1.2 -75.9% / -31.6% -2.50 (-2.89; -2.11)
Effective voided volume, mL 158.1±33.0 -> 231.0±40.0 161.1±31.0 -> 187.0±35.0 +46.1% / +16.1% 44.0 (29.4; 58.6)
ICIQ-SF score 16.4±2.0 -> 5.2±1.6 16.2±2.1 -> 11.7±2.0 -68.5% / -27.5% -6.50 (-7.20; -5.80)
OAB-q Symptom Bother, 0-100 score 67.9±7.3 -> 27.1±5.9 68.1±7.0 -> 50.0±7.1 -60.1% / -26.6% -22.9 (-25.4; -20.4)
NGF/Cr, pg/mg creatinine 42.5±10.2 -> 18.7±6.7 41.8±9.8 -> 31.4±8.2 -56.0% / -24.9% -12.7 (-15.6; -9.8)
Maximum ENMG amplitude, μV 314.0±72.0 -> 470.0±84.0 318.0±69.0 -> 365.1±73.0 +49.7% / +14.8% 104.9 (74.3; 135.5)
Urgency holding time, s 3.9±1.1 -> 6.1±1.4 4.0±1.0 -> 4.6±1.1 +56.3% / +15.2% 1.50 (1.01; 1.99)

Table 3. Dynamics of main clinical and functional parameters after 12 weeks of treatment.

Note. CI - confidence interval. p reflects between-group comparison of final values at week 12.

Parameter Main 
group baseline

Main group 
12 weeks

Comparison 
group baseline

Comparison group 
12 weeks p at week 12

Maximum amplitude, μV 314.00±72.00 470.00±84.00 318.00±69.00 365.10±73.00 <0.001
Mean amplitude, μV 232.80±55.60 371.10±69.50 237.40±51.30 285.10±57.30 <0.001
Sustained contraction amplitude, μV 198.10±45.60 341.50±63.80 197.10±46.70 269.80±58.70 <0.001
Resting tone, μV 5.40±0.80 4.60±0.70 5.30±0.80 4.70±0.90 0.525
Activation latency, s 0.60±0.10 0.50±0.10 0.60±0.10 0.60±0.10 <0.001
Time to peak, s 1.70±0.30 1.40±0.30 1.60±0.30 1.50±0.30 0.091
Contraction holding time, s 3.80±0.60 5.80±0.80 4.00±0.50 4.70±0.60 <0.001
Relaxation time, s 2.60±0.40 2.00±0.40 2.60±0.30 2.30±0.40 <0.001
Fatigue index, % 35.90±4.20 26.10±5.40 35.20±4.60 28.60±4.80 0.014
Variability coefficient, % 22.10±2.80 18.40±2.90 22.50±3.80 20.40±4.30 0.006
Recruitment index 0.74±0.03 0.79±0.03 0.75±0.04 0.78±0.03 0.091
Symmetry index, % 83.00±4.70 88.80±4.30 83.50±3.90 87.20±4.50 0.065
Functional ENMG score, 0-100 35.40±7.40 65.50±10.00 37.30±7.70 50.30±7.10 <0.001

Table 4. Extended dynamics of ENMG parameters of the pelvic floor muscles.

Note. Data are presented as M±SD. p reflects between-group comparison of final values.

Parameter Main group (n=50) Comparison group (n=55) p
Postvoid residual urine before treatment, mL 31.0±11.9 28.9±11.0 0.351
Postvoid residual urine after 4 weeks, mL 72.0±21.9 31.0±12.0 <0.001
Postvoid residual urine after 12 weeks, mL 63.0±18.1 30.0±11.0 <0.001
Transient urinary retention, n (%) 3 (6.0%) 0 (0.0%) 0.105

Table 5. Treatment safety indicators.

Note. Data are presented as M±SD or n (%).

Stage Content Clinical purpose

1. Patient selection Confirmation of UUI/OAB and diabetes mellitus; exclusion of urinary tract
infection, organic pathology, pronounced obstruction and contraindications

Prevention of inappropriate invasive 
therapy

2. Baseline assessment Voiding diary, ICIQ-SF, OAB-q, NGF/Cr, ENMG and ultrasound 
assessment of postvoid residual urine Formation of an objective baseline

3. Botulinum toxin therapy Intradetrusor injection of botulinum toxin type A with hemagglutinin 
complex into 15 sites, excluding the bladder trigone

Reduction of detrusor overactivity and 
urgency

4. PTNS Twelve weekly 30-minute sessions started 7-10 days after injection Neuromodulation of sacral reflex 
pathways

5. Safety monitoring Ultrasound assessment of postvoid residual urine after 4 and 12 
weeks; assessment of urinary retention and infection

Early detection of controllable 
complications

6. Efficacy assessment Repeated voiding diary, scales, NGF/Cr and ENMG after 12 weeks Justification of further rehabilitation 
tactics

Table 6. Practical algorithm for combined rehabilitation of patients with UUI and diabetes mellitus.
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consequential [23-25], a dose at the lower end of the reported 
abobotulinumtoxinA range was therefore selected deliberately, 
in order to retain efficacy while minimizing the risk of clinically 
significant postvoid residual urine. The observed retention rate 
of 6.0% in the present study is consistent with that intention.

The PTNS course was started 7-10 days after botulinum toxin 
therapy. It included 12 weekly sessions lasting 30 minutes each. 
Stimulation was performed according to the standard technique 
targeting the posterior tibial nerve area. The clinical purpose of 
PTNS was neuromodulation of sacral reflex pathways involved 
in the regulation of bladder storage function.

Patients in the comparison group received standard conservative 
therapy, including behavioral recommendations, bladder 
training, correction of drinking habits, and pharmacological 
treatment according to the clinical situation and tolerability. If 
necessary, conventional physiotherapy methods were used as 
part of the standard rehabilitation program. The heterogeneity 
of standard therapy was considered a possible source of clinical 
variability when interpreting the results.
Endpoints and assessment methods:

The primary endpoint was the change in the mean number 
of daily UUI episodes after 12 weeks according to a three-day 
voiding diary. Secondary endpoints included changes in urgency 
frequency, daytime micturition frequency, nocturia, effective 
voided volume, ICIQ-SF score, OAB-q Symptom Bother score, 
urinary NGF/Cr level, ENMG parameters of the pelvic floor 
muscles and postvoid residual urine volume.

Efficacy was assessed before treatment and after 12 weeks. 
Subjective symptom severity and impact on quality of life were 
evaluated using the validated ICIQ-SF and OAB-q Symptom 
Bother questionnaires. The biochemical activity of the sensory 
neurogenic component was assessed using the urinary NGF/Cr 
ratio. Functional status of the pelvic floor muscles was determined 
by ENMG with registration of maximum and mean amplitude, 
sustained contraction amplitude, resting tone, activation latency, 
time to peak, contraction holding time, relaxation time, fatigue 
index, variability coefficient, recruitment index, symmetry 
index and integrated functional ENMG score.

Safety was assessed by the frequency of adverse events, 
dynamics of postvoid residual urine volume after 4 and 12 
weeks, presence of transient urinary retention and study 
discontinuation due to complications.
Statistical analysis:

Quantitative variables are presented as mean and standard 
deviation (M±SD). Normality of distribution was assessed 
using the Shapiro-Wilk test. Independent groups were compared 
using Student’s t-test or the Mann-Whitney U test, and paired 
data were analyzed using the paired t-test or Wilcoxon test. 
Categorical variables were compared using Pearson’s chi-
squared test or Fisher’s exact test. For key endpoints, between-
group differences in final values are additionally presented 
with 95% confidence intervals. The effect size for the primary 
endpoint was assessed as the standardized mean difference. 
Differences were considered statistically significant at p<0.05.

All efficacy and safety analyses were restricted to the two 
treatment groups; the reference group entered only the descriptive 
comparison of nosological structure. In Table 2 the distribution 

of concomitant disease was compared in two prespecified ways: 
between the main and comparison groups (Fisher’s exact test), 
to document baseline comparability of the groups that were 
actually compared for efficacy, and between the two treatment 
groups combined (n=105) and the non-incontinent reference 
group (n=30), to characterize the comorbidity background of 
diabetic UUI. Because several cells contained small counts, 
exact tests were used throughout for these comparisons. No 
adjustment for multiple comparisons was applied, and no 
multivariable or propensity-score adjustment for baseline 
confounders was performed; the comorbidity comparisons are 
therefore descriptive, and the efficacy analyses are unadjusted.
Ethical considerations:

The study was conducted in accordance with the principles 
of the Declaration of Helsinki and Good Clinical Practice. All 
patients signed informed voluntary consent to participate in the 
study and to allow processing of anonymized data. Women in 
the main group gave an additional, separate written consent 
for intradetrusor botulinum toxin injection after a structured 
discussion of benefits, risks, alternatives and the possible 
need for temporary catheterization. The study was approved 
by the Local Ethics Committee of Samarkand State Medical 
University (Protocol No. 7, November 10, 2022). The study was 
not prospectively registered in a public clinical trials registry, 
which is acknowledged as a limitation.
Results.
Baseline characteristics of patients:

Baseline clinical and functional parameters in the main 
group and the comparison group were comparable, which 
made it possible to correctly evaluate differences in treatment 
efficacy. No significant between-group differences were found 
before therapy in urgency frequency, number of UUI episodes, 
questionnaire scores, NGF/Cr level, ENMG parameters or 
postvoid residual urine volume. Baseline comparability, 
however, was established by observation rather than secured by 
randomization, and unmeasured differences between the groups 
cannot be excluded.
Concomitant disease and the role of the reference group:

Concomitant somatic pathology was important for rehabilitation 
planning. In the structure of comorbidity among patients in the 
treatment groups, disorders of the musculoskeletal system and 
connective tissue predominated, followed by cardiovascular and 
bronchopulmonary pathology. These data emphasize the need 
for individualized treatment and monitoring of intervention 
tolerability in women with diabetes mellitus.

Two findings follow from the statistical analysis of Table 2. 
First, the main and comparison groups did not differ significantly 
for any nosological category (all p≥0.10), which supports their 
comparability at baseline in a study where comparability could 
not be secured by randomization. Second, the comorbidity 
profile of women with diabetic UUI differed markedly from 
that of women with diabetes mellitus but no storage symptoms: 
musculoskeletal and connective tissue disorders were recorded 
in 48.6% of the treatment groups combined versus 13.3% of 
the reference group (p<0.001), whereas cardiovascular disease 
(21.0% vs 56.7%; p<0.001) and gastrointestinal or hepatobiliary 
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disease (5.7% vs 26.7%; p=0.003) were considerably more 
frequent in the reference group. The reference group thus 
documents that diabetic UUI in this cohort was not simply a 
marker of a generally sicker diabetic population, and it clarifies 
which comorbidities have to be taken into account when 
planning invasive rehabilitation. At the same time, precisely 
because the reference group differed so clearly in comorbidity 
structure, age-related risk profile and the absence of storage 
symptoms, it could not serve as a comparator for treatment 
effect, and it was not used as one.
Dynamics of symptoms according to voiding diaries and 
questionnaires:

After 12 weeks, the main group showed a more pronounced 
improvement in all key indicators of bladder storage function. 
The frequency of urgency episodes decreased from 9.6±1.9 to 
2.1±1.0 per day, whereas in the comparison group it decreased 
from 9.4±1.8 to 6.5±1.9 per day. The number of UUI episodes 
decreased from 5.8±1.4 to 1.4±0.8 per day in the main group and 
from 5.7±1.3 to 3.9±1.2 per day in the comparison group. The 
relative reduction in UUI episodes was 75.9% versus 31.6%, 
respectively.

Figure 2 demonstrates a pronounced advantage of the 
combined program. In the main group, the number of UUI 
episodes decreased from 5.8±1.4 to 1.4±0.8 per day, whereas 
in the comparison group it decreased from 5.7±1.3 to 3.9±1.2 
per day. The between-group difference after 12 weeks was -2.50 
episodes per day (95% CI: -2.89 to -2.11; p<0.001), confirming 
the clinical significance of the effect.

At week 12, all key endpoint values differed significantly 
between the groups in favor of the combined program. For 
the primary endpoint, the between-group difference in final 
values was -2.50 UUI episodes per day (95% CI: -2.89 to -2.11; 
p<0.001), and the effect size was large (Cohen’s d=2.43 in 
absolute value). This indicates not only statistical significance 
but also clinical relevance of the obtained result.

The combined rehabilitation program provided a more 
pronounced improvement in all clinical parameters. In the 
main group, reductions in urgency episodes, UUI episodes 
and nocturia were 78.1%, 75.9% and 65.6%, respectively, 
whereas the corresponding values in the comparison group were 
substantially lower - 30.8%, 31.6% and 21.2%. This indicates a 
comprehensive effect of botulinum toxin therapy and PTNS on 
symptoms of overactive bladder.
Dynamics of NGF/Cr and neuromuscular function of the 
pelvic floor:

The decrease in urinary NGF/Cr was more pronounced in 
the main group: from 42.5±10.2 to 18.7±6.7 pg/mg creatinine 
compared with a decrease from 41.8±9.8 to 31.4±8.2 pg/
mg creatinine in the comparison group. The between-group 
difference in final values was -12.7 pg/mg creatinine (95% 
CI: -15.6 to -9.8; p<0.001), as shown in Figure 4. This makes 
it possible to consider the combined program not only as a 
symptomatic treatment, but also as a pathogenetically oriented 
method that affects sensory bladder hyperactivity.

According to ENMG data, patients in the main group 
demonstrated an increase in maximum and mean bioelectrical 
activity amplitude, an increase in sustained contraction 

amplitude, a decrease in fatigue index and variability coefficient, 
and an increase in the integrated functional ENMG score. These 
changes indicate more stable and coordinated activation of the 
pelvic floor muscles after combined rehabilitation.

As shown in Figure 5, combined rehabilitation was associated 
with a more pronounced restoration of neuromuscular control 
of the pelvic floor. In the main group, the increase in maximum 
ENMG amplitude was 49.7%, mean amplitude 59.4%, 
sustained contraction amplitude 72.4%, and functional ENMG 
score 85.0%. In the comparison group, improvement was less 
pronounced, confirming the additional rehabilitation effect of 
PTNS combined with botulinum toxin therapy.
Treatment safety:

After botulinum toxin therapy, an expected transient increase 
in postvoid residual urine volume was recorded in the main 
group: from 31.0±11.9 mL to 72.0±21.9 mL after 4 weeks and 
to 63.0±18.1 mL after 12 weeks. Transient urinary retention 
occurred in 3 patients (6.0%), was reversible and did not lead to 
discontinuation of participation in the study. Urinary retention 
was not recorded in the comparison group. The between-group 
difference in the frequency of urinary retention did not reach 
statistical significance according to Fisher’s exact test (p=0.105); 
however, clinically it confirms the need for monitoring postvoid 
residual urine after botulinum toxin therapy.

The safety of the combined program was assessed considering 
the dynamics of postvoid residual urine volume, because this 
indicator is one of the key criteria for monitoring the risk of 
bladder emptying impairment after intradetrusor botulinum 
toxin therapy, as shown in Figure 6.

In the main group, an expected transient increase in postvoid 
residual urine was observed from 31.0±11.9 mL to 72.0±21.9 
mL after 4 weeks and to 63.0±18.1 mL after 12 weeks. In 
the comparison group, the indicator remained practically 
stable. These data confirm the acceptable safety profile of the 
intervention when mandatory ultrasound monitoring of postvoid 
residual urine is performed dynamically.
Practical algorithm for combined rehabilitation:

Based on the obtained data, the combined program can be 
considered a rehabilitation option in patients with UUI on 
the background of diabetes mellitus when standard therapy is 
insufficiently effective. To reduce the risk of complications, it 
is advisable to use a stepwise algorithm for patient selection, 
treatment and follow-up.
Discussion.

The obtained results show that sequential intradetrusor 
botulinum toxin therapy and PTNS in women with UUI 
associated with diabetes mellitus provides more pronounced 
clinical improvement compared with standard conservative 
therapy. The most important finding of the study is the significant 
reduction in the frequency of UUI episodes, which reached 
75.9% in the main group versus 31.6% in the comparison group. 
Improvement was confirmed not only by voiding diaries but 
also by validated ICIQ-SF and OAB-q scales, the biochemical 
marker NGF/Cr and ENMG parameters of the pelvic floor 
muscles.

The clinical interpretation of these data is that the combined 
program acts at several pathogenetic levels. Botulinum toxin 
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type A reduces pathological detrusor activity and may decrease 
the release of mediators involved in sensory hyperactivity [9-
12]. PTNS, in turn, has a modulatory effect on afferent and 
efferent sacral mechanisms controlling urination [15-17]. In 
diabetic autonomic neuropathy, when both sensory and motor 
components of bladder regulation are impaired, this multimodal 
strategy appears pathogenetically justified.

The dynamics of NGF/Cr deserve particular attention. This 
indicator decreased more than twofold in the main group 
and was accompanied by a pronounced reduction in urgency 
episodes and UUI episodes. This is consistent with the concept 
of NGF as a marker of sensory bladder hyperactivity and 
neurogenic inflammation [18]. Including NGF/Cr in the efficacy 
assessment strengthens the evidence base of the study because 
it makes it possible to objectify the biological component of 
treatment response.

ENMG data also have important practical significance. 
Increases in maximum and mean amplitude, increased sustained 
contraction amplitude, decreased fatigue and improved 
functional ENMG score indicate better neuromuscular control 
of the pelvic floor. This is especially important in patients with 
diabetes mellitus because diabetic neuropathy may impair 
coordination of the pelvic floor muscles and reduce the patient’s 
ability to suppress urgency.

The safety profile of the combined intervention was acceptable. 
Transient increase in postvoid residual urine after botulinum 
toxin therapy is an expected effect and requires scheduled 
monitoring. In the present study, urinary retention was observed 
in 6.0% of patients in the main group, was reversible and did 
not lead to withdrawal from the study. This result confirms 
that, with appropriate patient selection, patient information and 
monitoring of postvoid residual urine, combined therapy can 
be used without a significant increase in clinically dangerous 
complications.

The dose selected in this study deserves separate comment, 
because 300 U of abobotulinumtoxinA is lower than the 500-
750 U most often reported in earlier series of intravesical 
abobotulinumtoxinA for refractory detrusor overactivity [22]. 
Two arguments support the more conservative dose in this 
population. First, efficacy at 300 U is documented: a randomized 
clinical study of intradetrusor abobotulinumtoxinA in women 
with OAB used exactly this dose and reported significant 
improvement in incontinence episodes and quality of life, with 
urinary retention requiring catheterization in 9.3% of patients 
[20]. Second, dose is the principal determinant of impaired 
emptying: abobotulinumtoxinA 500 U was followed by 
intermittent self-catheterization in 42% of patients, compared 
with 23% after onabotulinumtoxinA 200 U, without any 
efficacy advantage [21]. In women with diabetes mellitus, in 
whom detrusor contractility may already be reduced by diabetic 
cystopathy and the risk of urinary tract infection is elevated 
[23-25], that trade-off shifts further in favour of the lower dose. 
The retention rate of 6.0% observed here, together with a mean 
postvoid residual urine volume that remained below 100 mL at 
every time point, suggests that 300 U combined with trigone-
sparing injection into 15 sites achieves a clinically useful effect 
at an acceptable emptying risk in this specific population. This 
dose should not be extrapolated to other botulinum toxin type A 
preparations, whose units are not interchangeable.

Comparison with current guidelines and published studies 
shows that botulinum toxin therapy and tibial neuromodulation 
are recognized methods for treating refractory OAB symptoms 
[5,7,11,15,17,26]. However, most studies consider these 
methods separately or in the general population of women with 
OAB. Where combinations have been examined, they have 
usually paired neuromodulation with pharmacotherapy rather 
than with intradetrusor toxin, and have reported additive benefit 
in idiopathic OAB [27]. The scientific novelty of the present 
study lies in its focus on patients with diabetes mellitus, the 
inclusion of the biochemical marker NGF/Cr and objective 
ENMG assessment of the pelvic floor, and the analysis of a 
sequential combined strategy.

The magnitude of the difference observed here should 
nevertheless be interpreted with the design in mind. Because 
women were assigned to the combined program partly on the 
basis of their own preference and of their ability to attend 12 
consecutive weekly sessions, the main group may have been 
more motivated and more adherent than the comparison group, 
and part of the observed advantage may reflect that difference 
rather than the interventions themselves. The absence of blinding 
and of a sham PTNS control means that a placebo component 
cannot be excluded, although sham-controlled trials have shown 
that the effect of PTNS on detrusor overactivity incontinence is 
not attributable to placebo alone [14,15].

The practical value of the study lies in the possibility of using 
the proposed approach as a staged rehabilitation algorithm in 
patients with UUI and diabetes mellitus when standard therapy 
is insufficiently effective. For clinical practice, it is important 
not only to prescribe the intervention, but also to correctly select 
patients, monitor postvoid residual urine, assess comorbidity 
and perform repeated objective evaluation of the result after 12 
weeks.
Strengths and Limitations of the Study.

The strengths of the study include its prospective 
comparative design, the use of several independent levels 
of efficacy assessment, including voiding diaries, validated 
questionnaires, NGF/Cr and ENMG, and a separate safety 
analysis. This comprehensive approach reduces the risk of 
one-sided interpretation of the results and increases the clinical 
persuasiveness of the conclusions.

The principal limitation is that the study was not randomized. 
Assignment to the combined program or to standard therapy 
followed clinical eligibility and documented patient preference, 
so the groups were formed by a process that could favour 
the intervention arm: patients who chose an invasive third-
line option and committed to 12 weekly sessions may differ 
systematically in motivation, adherence, symptom severity and 
general health from those who did not. Although no significant 
baseline differences were detected in any measured clinical, 
functional, biochemical or neurophysiological parameter 
(Table 1) or in the structure of concomitant disease (Table 
2), unmeasured confounding cannot be excluded, and no 
multivariable or propensity-score adjustment was performed. 
The study was also unblinded at every level - participants, 
treating clinicians and outcome assessors - which may inflate 
the between-group difference in the patient-reported endpoints 
(voiding diary, ICIQ-SF, OAB-q) more than in the objective 
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ones (NGF/Cr, ENMG, postvoid residual urine). For these 
reasons the between-group differences reported here describe 
an association observed under routine clinical conditions and do 
not by themselves establish a causal treatment effect.

Further limitations concern design and scope. No formal 
sample size calculation was performed, and the study was not 
prospectively registered. It was conducted at a single centre, 
which limits generalizability. The design cannot separate the 
individual contributions of botulinum toxin therapy and PTNS, 
because no botulinum-toxin-only arm and no sham-PTNS arm 
were included; the study therefore quantifies the effect of the 
sequential program as a whole rather than the incremental benefit 
of adding PTNS. The comparison arm received heterogeneous 
standard therapy, which adds clinical variability. Follow-up was 
limited to 12 weeks, so the durability of the effect, the timing of 
repeat injection and long-term safety remain unknown. Finally, 
results were not stratified by duration of diabetes mellitus, 
HbA1c level, type of diabetes, body mass index, menopausal 
status or severity of diabetic autonomic neuropathy, all of which 
may modify the response.

These limitations do not negate the clinical significance of the 
observed results, but they define the next step: a multicentre 
randomized controlled trial - ideally with a botulinum-toxin-
only comparator and a sham-stimulation arm, prospective 
registration, blinded outcome assessment and follow-up of at 
least 12 months - is required before the combined program can 
be recommended as established practice.
Conclusion.
1.	 The combined rehabilitation program, including intradetrusor 

injection of botulinum toxin type A followed by a course of 
PTNS, was associated with high clinical efficacy in women 
with UUI associated with type 1 or type 2 diabetes mellitus.

2.	 Compared with standard conservative therapy, the combined 
approach provided a more pronounced reduction in urgency 
frequency, UUI episodes, daytime micturition frequency and 
nocturia, as well as an increase in effective voided volume.

3.	 Improvement in clinical symptoms was accompanied by a 
marked decrease in ICIQ-SF and OAB-q Symptom Bother 
scores, a decrease in urinary NGF/Cr level and favorable 
dynamics of ENMG parameters of the pelvic floor muscles.

4.	 The safety profile of therapy was acceptable. The main 
controllable risk is a transient increase in postvoid residual 
urine after botulinum toxin therapy, which requires mandatory 
dynamic ultrasound monitoring.

5.	 The proposed approach can be considered as a pathogenetically 
justified option for comprehensive rehabilitation of patients 
with UUI and diabetes mellitus when standard treatment is 
insufficiently effective, pending confirmation in randomized 
controlled trials.

Practical recommendations.
1.	 In patients with UUI on the background of diabetes mellitus, 

a comprehensive assessment should be performed before 
choosing treatment, including a voiding diary, ICIQ-SF and 
OAB-q questionnaires, determination of postvoid residual 
urine, NGF/Cr and pelvic floor ENMG.

2.	 Combined use of intravesical botulinum toxin therapy and 
PTNS should be considered in patients with persistent UUI 

symptoms after standard conservative therapy.
3.	 After intradetrusor injection of botulinum toxin, postvoid 

residual urine volume must be monitored, especially during 
the first 4-12 weeks after the intervention.

4.	 The efficacy of combined rehabilitation should be assessed 
not only by reduction in incontinence episodes, but also 
by quality-of-life indicators, biochemical markers and 
neurophysiological markers.
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