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Abstract: Objective: To explore the possible risk factors of postpartum stress urinary incontinence (PSUI) and the ef-
ficacies of electromyography biofeedback (EB) combined with neuromuscular electrical stimulation (NES). Methods:
Clinical information of 180 patients with PSUI (PSUI group) and 80 patients without PSUI (non-PSUI group) were
retrospectively analyzed. Risk factors of PSUI were analyzed. The PSUI group was divided into the observation group
and control group according to different treatment methods, with 90 cases in each group. The control group was
treated with Kegel kinesiotherapy, while the observation group was treated with EB combined with NES. Clinical ef-
ficacy, urodynamic indexes, pelvic floor muscle strength and quality of life were compared between the two groups.
Results: The risk factors for PSUI were vaginal delivery, urinary incontinence before being pregnant, new urinary in-
continence in pregnancy, and delivery of a large infant (P<0.05, OR>1). Compared with the control group, the effec-
tive rate was higher in the observation group (P<0.05). Compared with before treatment, maximal urethral closure
pressure (MUCP), maximal urethral pressure (MUP), maximum urinary flow rate (Qmax) and electromyogram (EMG)
values in the observation and control groups were significantly increased after treatment, and the values in the
observation group were greater than those in the control group (all P<0.05); while there was a opposite trend in the
scores of the International Consultation Committee on Incontinence Questionnaire Short Form (ICI-Q-SF, P<0.001).
Conclusion: Vaginal delivery, urinary incontinence before pregnancy, new urinary incontinence in pregnancy, and de-
livery of a large infant were the risk factors for PSUI. The application of EB combined with NES in PSUI patients can
obviously improve urodynamic indexes, enhance pelvic floor muscle strength and ameliorate symptoms of urinary
incontinence, thereby improving maternal postpartum quality of life.

Keywords: Postpartum stress urinary incontinence, risk factors, electromyography biofeedback, neuromuscular
electrical stimulation, efficacy

Introduction genesis of PSUI is complicated; therefore, it is
of great importance to recognize its risk fac-
tors for preventing the occurrence of PSUI and

improving postpartum quality of life [3, 4].

Stress urinary incontinence is involuntary leak-
age of urine associated with an increase in
abdominal pressure. Due to the continuous gr-

owth of the fetus during pregnancy and the in- Surgical treatment is mainly adopted in pati-

jury of the pelvic floor muscle during delivery,
postpartum pelvic floor dysfunction can easily
occur. With weakened ability to control urine,
postpartum stress urinary incontinence (PSUI)
becomes prone to occur [1, 2], which affects
maternal postpartum quality of life. The patho-

ents with severe cases and invalid non-surgical
treatment failure [5, 6], while for patients with
mild cases, non-surgical treatment is mainly
conducted [7], such as electrical stimulation,
pelvic floor muscle training and drug therapy.
The improvement effect of pelvic floor muscle
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training on patients’ pelvic floor muscle streng-
th can be limited. Selective ol adrenergic re-
ceptor agonist are usually applied in drug tre-
atment, but obvious adverse reactions such
as hypertension, palpitation and headache are
apparent after drug taking, which limits its clini-
cal application. Therefore, it is of great clinical
significance to find a safe, effective and treat-
ment method with fewer side-effects to impro-
ve the abnormal urodynamics and quality of life
in patients.

Electrical stimulation therapy is used to wake
up the damaged perineal nerve through bio-
electrical stimulation, which helps to enhance
the strength and elasticity of the perineal mus-
cles and forces the rhabdoid muscles around
the urethra to passively contract. In addition,
electrical stimulation can inhibit excitation of
the detrusor nucleus and contraction of detru-
sor through neurons [8, 9]. Perennial clinical
practice has found that electromyography bio-
feedback (EB) combined with neuromuscular
electrical stimulation (NES) in PSUI patients
can obviously improve pelvic floor muscles.
Therefore, this study aimed to explore the ef-
fects of EB combined with NES on urodynamic
indexes, pelvic floor muscle strength and qua-
lity of life in PSUI patients.

Materials and methods
General information

Clinical data of 180 PSUI patients (PSUI group)
who gave birth in Jiangdu People’s Hospital of
Yangzhou from February 2017 to September
2019 were retrospectively analyzed. Another
80 non-PSUI patients who gave birth in our hos-
pital during the same period were selected as
the non-PSUI group. The PSUI group was divid-
ed into the observation group and control gro-
up according to different treatment methods,
with 90 cases in each group. This study was
approved by the Ethics Committee of Jiangdu
People’s Hospital of Yangzhou and all patients
signed the informed consent.

Inclusion criteria for PSUI group: Patients ag-
ed 20-38 years old; patients who met the diag-
nostic criteria for urinary incontinence in the
report on Diagnosis and Treatment of Urinary
Incontinence [10] formulated by the Interna-
tional Scientific Committee; patients who were
registered in our hospital and hospitalized for
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delivery; patients with complete clinical infor-
mation.

Exclusion criteria for PSUI group: Patients wi-
th mental disorder or disturbance of consci-
ousness; patients with autoimmune diseases;
patients with tumor; patients who were lost to
follow-up.

Methods

The control group was treated with Kegel kine-
siotherapy. Continual contraction of the perine-
um and anus was conducted for 3-5 s with an
interval of rest for 3-5 s. The actions were per-
formed interactively once in the morning and
evening, respectively, at 15 cycles/time for 3
months.

The observation group was treated with EB
combined with NES. The parturient was in a
prostration position and the vaginal electrode
of neuromuscular stimulation therapy instru-
ment (PHENIX USB 4; Shanghai Hanfei Medical
Equipment Co., Ltd., China; origin: France) was
placed in the vagina. The frequency was set at
20-100 Hz, and wave width at 200-500 Izs. The
electrical stimulation lasted for 15 s with an
interval of 25 s. The intensity was gradually
strengthened, and the appropriate stimulus le-
vel was when patients could consciously con-
tract the pelvic floor muscle contraction with-
out obvious discomfort. According to the gra-
phic instructions on the display screen of the
therapeutic instrument, patients were instruct-
ed to conduct pelvic floor muscle scaling train-
ing, and the stimulation and feedback were
alternated every 15-20 minutes, twice a week
for 3 months.

Outcome measures

Primary measures: (1) Univariate analysis and
multivariate Logistic regression analysis were
used to analyze the risk factors of PSUI. Uni-
variate analysis was used to analyze clinical
information, including age, body mass index
(BMI), gestational weeks, the numbers of ab-
ortion, delivery time, delivery mode, the num-
ber of fetus, urinary incontinence before preg-
nancy, new urinary incontinence in pregnancy,
urinary tract infection during pregnancy, exer-
cise during pregnancy, neonatal weight and
feeding mode of newborn. Multivariate Logistic
regression analysis was carried out to screen
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Table 1. Univariate analysis of risk factors for PSUI (X + SD, n)

PSUI group (n=180) Non-PSUI group (n=80) X2/t P
Age (year old) 30.1+3.2 30.0+3.5 0.226 0.821
BMI (kg/m?) 23.47+1.10 23.24+1.37 1.323 0.187
Gestational weeks (week) 39.5+2.5 40.0+2.1 1.560 0.120
The number of abortion 1.043 0.307
<2 times 131 63
>2 times 49 17
Delivery 0.485 0.486
<ltime 154 71
>1 time 26 9
Delivery mode 25.617 <0.001
Vaginal delivery 142 38
Cesarean section 38 42
The number of fetus 0.063 0.801
Singletons 177 79
Multiples 3 1
Urinary incontinence before pregnancy 15.127  <0.001
Yes 101 24
No 79 56
New urinary incontinence in pregnancy 32.685 <0.001
Yes 114 20
No 66 60
Urinary tract infection during pregnancy 2.415 0.120
Yes 102 37
No 78 43
Exercise during pregnancy 1.091 0.580
<5,000 steps/day 60 32
5,000-10,000 steps/day 96 38
>10,000 steps/day 24 10
Neonatal weight 14.096  <0.001
<4,000 g 61 47
24,000 g 119 33
Feeding mode of newborn 2.865 0.239
Breast feeding 70 34
Artificial feeding 33 20
Mixed feeding 77 26

Note: PSUI, postpartum stress urinary incontinence; BMI, body mass index.

the risk factors of PSUI by taking the differenc-
es in univariate analysis as independent vari-
ables and the occurrence of PSUI as depen-
dent variables. (2) Three months after treat-
ment, clinical efficacy was compared between
the observation and control groups. Clinical
efficacy was divided into three grades. Cured:
Symptoms of urinary incontinence completely
disappeared, and physical examination show-
ed no stress urinary incontinence. Effective:
the times of urine leakage was reduced by
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more than half. Ineffective: it didn't meet the
above standards. Total effective rate = Number
of cases of (cured + effective)/total number of
cases * 100%. (3) The patients were required
to come to the hospital for reexamination 3
months after treatment. Urodynamic indexes,
including maximal urethral closure pressure
(MUCP), maximal urethral pressure (MUP) and
maximum urinary flow rate (Qmax) in the ob-
servation and control groups before treatment
and 3 months after treatment were detected
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Table 2. Multivariate Logistic regression analysis of risk factors for PSUI

B Standard error ~ Wald P OR 95% ClI
Vaginal delivery 0.747 0.133 5485 0.010 2.858 1.897-5.590
Urinary incontinence before pregnancy  0.403 0.059 8570 0.035 1.907 1.667-4.306
New urinary incontinence in pregnancy  0.580 0.104 8.995 0.041 2105 1.984-5.586
Delivery of large infant 0.569 0.085 10.852 0.026  1.857 1.773-3.479

Note: B, estimator of parameter; Cl, confidence interval.

Table 3. Comparison of general information (X + SD, n)

ternational Consultation Commi-

Observation Control

group (n=90) group (n=90)

ttee on Incontinence Question-

Age (year) 29.9+3.9 30.3+2.7
BMI (kg/m?) 23.32+1.53 23.62+1.30
Gestational weeks (week) 39.2+2.3 39.7+2.1
The number of abortion

<2 times 70 61

>2 times 20 29
Parity

<ltime 75 79

>1 time 15 11
Delivery mode

Vaginal delivery 74 68

Cesarean section 16 22
The number of fetus

Singletons 89 88

Multiples 1 2

X2/t p naire Short Form (ICI-Q-SF), in
order to assess the quality of life
0.800 0.425 before treatment and 3 months
1418 0.158 after treatment [11]. The total
1.523 0.130 score was 21 points, and a high-
2.271 0.132 er score represented worse qu-
ality of life.
0719 0.396 Statistical analysis
Statistical analysis was perfor-
med by SPSS 22.0 software. Co-
1.201 0.273 unt data were represented as n
(%) and analyzed by chi-square
test; measurement data were
0.339 0.560 expressed as mean * standard

deviation (X + SD) and analyzed
by t test. Univariate analysis and

Note: BMI, body mass index.

Table 4. Comparison of clinical efficacy after treatment (n, %)

multivariate Logistic regression
analysis were used for risk fac-
tors. P<0.05 was considered st-
atistically significant.

Observation Control

group (n=90) group (n=90)
Cured 56 (62.22) 33(36.67)
Effective 31(34.44) 45 (50.00)
Ineffective 3(3.33) 12 (13.33)
Total effective rate (%) 87 (96.67) 78 (86.67)

X2 p Results
Univariate analysis of risk fac-
tors for PSUI
2497 0.015 The results of univariate analy-

by multichannel urodynamic detector (Nidoc
970A; Shanghai Hanfei Medical Equipment Co.,
Ltd., China; origin: Netherlands). (4) Pelvic floor
muscle strength of the observation and con-
trol groups was measured by neuromuscular
stimulation therapy instrument before treat-
ment and 3 months after treatment. Electro-
myogram (EMG) values were expressed in ter-
ms of amplitude.

Secondary measure: The patients were requir-
ed to come to the hospital for reexamination 3
months after treatment. The observation and
control groups were asked to fill out the In-
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sis showed that there were sig-
nificant differences in delivery
mode, urinary incontinence before pregnancy,
new urinary incontinence in pregnancy and
neonatal weight between the PSUl and non-
PSUI groups (all P<0.001). See Table 1.

Multivariate logistic regression analysis of risk
factors for PSUI

Multivariate Logistic regression analysis was
carried out to screen the risk factors of PSUI by
taking the four factors with differences in uni-
variate analysis as independent variables and
the occurrence of PSUIl as dependent variables.
The results showed that the risk factors for
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Table 5. Comparison of urodynamic index before and after treat-
ment (X + SD)

Observation Control group

group (n=90) (n=90) t P

MUCP (kPa)

Before treatment 5.98+1.14 5.70+1.23 1584 0.115

After treatment 6.63+1.65™ 6.16+1.27° 2141 0.034
MUP (kPa)

Before treatment 6.14+1.36 6.03+1.10 0.597 0.552

After treatment 7.05+1.29" 6.47+1.37° 2.924 0.004
Qmax (mL/s)

Before treatment 25.88+1.66 25.56+1.39 1.402 0.163

After treatment 27.12+1.30" 26.17+1.42" 4.681 <0.001

groups were significantly incre-
ased after treatment, and the
values in the observation group
were greater than those in the
control group (all P<0.05). See
Table 5.

Comparisons of EMG values
and ICI-Q-SF scores

Compared with before treat-
ment, increased EMG values
and decreased ICI-Q-SF scores
were seen in the observation

and control groups after treat-

Note: MUCP, maximal urethral closure pressure; MUP, maximal urethral pres-
sure; Qmax, maximum urinary flow rate. Compared with before treatment,

“P<0.05, ""P<0.01.

Table 6. Comparison of EMG values and ICI-Q-SF scores before

and after treatment (X + SD)

ment, and more obvious chang-
es were seen in the observati-
on group (both P<0.001). See
Table 6 and Figure 1.

Discussion

Observation Control
group (n=90) group (n=90)

With the increase of fetal weight

EMG (pV)
Before treatment 7.60+2.21 7.11+1.80
After treatment 10.12+2.45" 8.87+1.46™

ICI-Q-SF (score)
Before treatment 16.69+4.98 17.32+4.64

After treatment 10.07+2.45™ 12.40+2.37*

P
during pregnancy, organs and
tissues around the pelvic floor
0.105 are displaced, pelvic floor tis-
<0.001 sues are damaged to different
degrees, and urinary incontinen-
ce is induced by obstruction of
0.381 .
urethral closure after delivery
<0.001

Note: EMG, electromyogram; ICI-Q-SF, International Consultation Committee
on Incontinence Questionnaire Short Form. Compared with before treatment,

“P<0.01.

PSUI were vaginal delivery, urinary inconti-
nence before pregnancy, new urinary inconti-
nence in pregnancy, and delivery of a large
infant (P<0.05, OR>1). See Table 2.

Comparison of general information

There was no statistical difference in general
information between the observation and con-
trol groups (all P>0.05). See Table 3.

Comparison of clinical efficacy

After treatment, compared with the control gr-
oup, the observation group had a higher total
effective rate (P<0.05). See Table 4.

Comparison of urodynamic indexes before and
after treatment

Compared with before treatment, MUCP, MUP
and Qmax in the observation and control
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[12]. The study of Wang et al.
[13] showed that the inciden-
ce of PSUI after vaginal delivery
was significantly higher than th-
at after cesarean section, indi-
cating that cesarean section is a protective
factor for PSUI. Research [14] found that com-
pared with normal pregnant women, the inci-
dence of PSUI was 2.3 times higher in women
with urinary incontinence before pregnancy,
and 3-5 times higher in women with new uri-
nary incontinence in pregnancy. The results of
this study showed that the risk factors for PS-
Ul were vaginal delivery, urinary incontinence
before pregnant, new urinary incontinence in
pregnancy, and delivery of a large infant, which
was similar to our results. This is because the
process of pregnancy may lead to pelvic floor
functional decline, secondary vaginal delivery
may damage pelvic floor type | muscle fibers,
and gestation and delivery process of macroso-
mia (neonatal weight of 24,000 g) for maternal
pelvic floor muscle injury is more serious. Some
scholars believe that BMI, the number of abor-
tions and multiple births are also related to the
occurrence of PSUI [15]. However, this result

Int J Clin Exp Med 2020:13(11):8942-8949
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Figure 1. Comparison of EMG values and ICI-Q-SF
scores before and after treatment. A: EMG values;
B: ICI-Q-SF scores. Compared with before treatment,
"*P<0.01; compared with control group, ##P<0.001.
EMG, electromyogram; ICI-Q-SF, International Con-
sultation Committee on Incontinence Questionnaire
Short Form.

was not found in this study, which may be relat-
ed to the sample size and the individual differ-
ences of enrolled mothers.

Most of PSUI is recoverable, but Celada P et al.
[16] pointed out that the symptoms of urinary
incontinence in puerperae with new urinary
incontinence in pregnancy can last for 10 years
or even longer. Therefore, timely detection and
reasonable treatment are crucial to improve
maternal postpartum quality of life. The key to
treatment is to increase the stability of detrusor
muscle and restore its normal function.

EB combined with NES is a treatment mo-
del designed for pelvic floor muscle training in
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patients with urinary incontinence. Studies [17,
18] have found that electrical stimulation of
pelvic floor muscles can enhance pelvic floor
muscle tension and reduce the occurrence of
PSUI. However, electrical stimulation only ca-
uses passive muscle contraction, and some
patients are able to exercise or contract pelvic
floor muscles in a wrong way, which affects the
therapeutic effect. Biofeedback can feed back
the signal that improves the recovery of muscle
motor function to patients, so it enables pa-
tients to autonomously and accurately control
the contraction of pelvic floor muscles and im-
prove the therapeutic effect of electrical sti-
mulation [19, 20]. In this study, the urodyna-
mic indexes (PMUC, PMU, Qmax and EMG) in
the observation group after treatment were sig-
nificantly higher than those in the control gr-
oup. The total effective rate of the observation
group was up to 96.67% after treatment, which
was significantly higher than that of the control
group. This suggests that the application of EB
on the basis of NES can significantly improve
urodynamics, enhance pelvic floor muscle ten-
sion, and ameliorate urinary incontinence sym-
ptoms, which is consistent with the research
results of Terlikowski et al. [21]. In addition, ICI-
Q-SF was used to assess the postpartum qual-
ity of life of PSUI patients. The results showed
that 3 months after treatment, ICI-Q-SF scores
in the observation group were significantly low-
er than those in the control group, indicating
that EB on the basis of NES can significantly
improve the quality of life after delivery in PSUI
patients.

However, limitations also exist in this study.
Due to the limited sample size and the lack of
long-term follow-up, the effects of EB combin-
ed with NES on long-term urodynamics and pel-
vic floor muscle strength of PSUI patients can-
not be determined. It should be further explor-
ed in the future study.

In conclusion, the risk factors for PSUI are vagi-
nal delivery, urinary incontinence before being
pregnant, new urinary incontinence in pregnan-
cy, and delivery of a large infant. The applica-
tion of EB combined with NES is worthy of cli-
nical promotion with the advantages of signi-
ficantly improved postpartum urodynamics, en-
hanced pelvic floor muscle tension, amelio-
rated urinary incontinence symptoms and im-
proved quality of life.
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