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Abstract. Electromyographic features of the perineum and pelvic floor in patients with an artificial bladder.
Savchuk R.V., Kostyev F.I., Golovko S.V., Dekhtiar Y.M., Zalyva K.A. 4Aim — fo assess the electromyographic
features of the pelvic floor muscles and the sphincter apparatus in patients who underwent radical cystprostatectomy
with the formation of an artificial bladder.The main study group consisted of 57 patients with muscle invasive bladder
cancer who underwent a standard radical cystprostatectomy with ileocystoplasty. The study of the pelvic floor muscular
bioelectric activity with computed electromyography (EMG) of the sphincter apparatus of the pelvic organs was carried
out on a 2-channel computer electromyograph "NeuroTrac ™ MyoPlus4". The obtained results of the study of the
bioelectric activity of the pelvic floor muscles showed a decrease in the amplitude of contractions in the Work Average
mode by 42.1% (p<0.001) for the perineal electrode, and by 35.7% (p<0.05) for the rectal electrode, compared with the
control group, which indicates a low contractility of the muscular diaphragm of the pelvis and may cause incontinence
in patients with an artificial bladder. The average deviation over the entire duration of the session in Work mode in the
group of patients with neobladder in channels A and B was 2.3 (p<0.05) and 1.9 (p<0.05) times higher, respectively,
compared with control group. These data indicate an imbalance in the muscle tone of the pelvic floor in patients after
extensive reconstructive intervention on the pelvic organs and can potentiate urodynamic disorders in the study group
of patients. The average amplitude (Rest Average) of the activity of biopotentials in the resting state of the pelvic floor
muscles along channels A and B is higher by 42.4% and 47.6% (p<0.05), in comparison with the control group, which
indicates insufficient relaxation and rest of striated muscles and sphincter. Despite the change in bioelectric potentials
from the rectal electrode in the study group of patients, there were no signs of functional insufficiency of the anal
sphincter, in contrast to the severity of urinary incontinence, which correlated and corresponded to the results of
bioelectrical changes obtained through channels A and B, up to oscillations and loss of complete control. The EMG
analysis of the pelvic floor muscles revealed characteristic changes in the biopotentials of the pelvic sphincters and
indicated their relationship with the clinical features of the rehabilitation of this group of patients and the prospect of
including the biofeedback method. It is a derivative form of the electromyographic signal in the treatment of
incontinence in patients with neobladder.

Pegepar. Enexrpomiorpadiuti 0co61mBoCTI MpoMe:KHMHY i Ta30BOro JHA B MALI€HTIB 3 apTudiniinum ceyoBUM
mixypom. CaBuyk P.B., Koctre ®@.1., I'onoko C.B., dextsap F0.M., 3amua K.A. Memoio pobomu 6yno nposecmu
ananiz enexmpomiozpa@iunux ocobausocmel M ’s3i6 maz08020 OHA I CQIHKMEPHO2O anapamy 6 NayicHmis, sKi
nepeneciu paouKkaibHy YUcmnpocmamexmomito 3 Qopmysanusam apmu@iyiinozo cevyosozo mixypa. OcHo8HY epyny
docaiodcentst cknanu 57 nayienmie 3 iHBA3UBHUM PAKOM CEY08020 MIXypda, sKUM OYld nposedeHa CmaHoapmua paou-
KanbHA YUCMAPOCMAMEKMOMIA 3 QOPMYBaAHHAM apmuiyiiinoeo ceu08020 Mixypa. Bueuenns 6Oioenexmpuunoi ax-
MugHOCMi M ’s30801 cucmemu mazo8020 OHA WLIAXOM KOomn tomepHoi enekmpomioepaii (EMI) cghinkmeproco
anapamy mazosux opeauié 0y10 GUKOHAHO HA OBOKAHANbHOMY KOMN tomepHomy enekmpomiocpagi "NeuroTrac™
MyoPlus4". Ompumani pe3ynomamu  00CRiONHCeHHA  OioeneKMpUYHOi  aKMueHocmi M ’A3i8  mMa308020 OHA
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NPOOEMOHCIMPYBANU 3HUNCEHH AMNAIMYOu CKopouensb y pexcumi Work Average no npomescuHHoMy enekmpooy Ha
42,1% (p<0,001), a no pexmanvromy erekmpody — Ha 35,7% (p<0,05) nopienano 3 epynoio KOHMpPoOII0, WO CEIOUUMb
NPO HUZLKY CKOPOYYBANbHY 30amHICHb M 5130601 Olappazmu masza i Modice CHPUYUHAIMU IHKOHMUHEHYIIO 8 NAYIEHMIE 3
apmugiyiinum ceuosum mixypom. Cepeone 6iOXuneHHs 3a 6cio mpusaiicms cecii 6 pexcumi Work y epyni nayicumis 3
Heobnadepom no kamanax A i B 6yno suwe ¢ 2,3 (p<0,05) i 1,9 (p<0,05) paza 6i0nogiono nopieHsaHo 3 2pynoio
xoumpomo. Li dani ceiduamv npo He36anaHCcO8aHICMb M 1308020 MOHYCY MA306020 OHA 6 NAYICHMIE NICIS 3HAYHO20
PEKOHCMPYKMUBHO20 8MPYHAHHA HA OP2AHAX MAL020 MA3d, WO MOJICe NOMEHYII08AMmU YPOOUHAMIYHI NOPYUIEHHS 6
docaidacysanoi epynu nayicumis. Cepeonss amnaimyoa (Rest Average) akxmugnocmi Oionomenyianie y cmati cnokow
M s13i8 mazoe0eo OHa no kananax A i B euwe na 42,4 i 47,6% (p<0,05) nopisHano 3 epynoiw KOHMpouro, wo ceiouums
npo HEeOOCMAMHE PO3CIAONeHHs | CNOKIU nonepeuHocmyeacmux ym’a3ig i cpinkmepa. Heszeaowcarouu na 3miny bioenex-
MPUYHUX NOMEHYIANI8 3 PEeKmAalbHO20 eNeKmpood, y OO0CHiONCY8aHili 2pyni nayieHmié O3HAK (DYHKYIOHATbHOT
HeOOCTNAMHOCMI AHAILHO20 CIHKMepa 8UABIEHO He Y10, Ha GIOMIHY 8i0 CIMYNEHs 8UPANCEHOCMI HeMPUMAHHA ceul,
Wo Kopentoganocs i 8ionogioano pe3yibmamam 0ioeneKmpudHux 3mii, ompumanux no kaunarax A i B, axc 0o ocyunayiti
i empamu noenozo koumponio. Ananiz EMI m’sa3i6 ma3o6020 OHa 00360116 8UAGUMU XAPAKMEPHI 3MIHU 8 NOKAZHUKAX
Oionomenyianie mazoeux cQiHkmepis i 6Ka3a8 Ha iXHIU 63AEMO38 SA30K 3 KIIHIUHUMU 0CcOOaUBOCMAMU peabinimayii yiei
epynu nayiceumie i nepcnekmusHiCms GKIIOUEHHS 00 KOMIIEKCY JIKVEAHHS IHKOHMUHEeHYI 6 NayicHmieé 3 Heoyucmom

Memooy 6IoN02IUH020 360POMHO20 36 3KV, WO € NOXIOHOI POPMOIO eneKmpomiozpapiunozo cuenany.

Bladder cancer is an unsolved clinical, social and
economic problem [5]. The two main forms that
differ in the volume of required surgical intervention
are non-muscle invasive and muscle invasive blad-
der cancer. The main method of treatment of
muscle-invasive forms of bladder cancer is radical
cystectomy with various types of urine diversion
[10]. Patients prefer orthotopic urine derivation with
formation of artificial bladder (AB) compared to
other types of urine derivation due to better quality
of life [2]. The formation of an artificial bladder
from the terminal ileum allows patients to maintain
physiological urination. However, the large volume
of surgical intervention on the pelvic organs, often
leadsing to frequent complications in the form of
daytime and nighttime urinary incontinence and
erectile dysfunction [9]. Urinary incontinence after
orthotopic ileocystoplasty is one of the main com-
plications. Loss of urination control may be a phy-
sical, emotional, psychosocial and economic burden
for men [6]. The main mechanism responsible for
urinary retention after radical surgery on the bladder
and prostate gland are striated sphincter of the
bladder and pelvic floor muscles [3].

Changes in the integrity, innervation, blood sup-
ply of the rhabdosphincter and the pelvic diaphragm
are one of the main causes of urinary incontinence in
patients who underwent removal of the bladder with
the prostate gland during postoperative period [7].

The bioelectrical activity of muscles can be asses-
sed as a representation of muscle function [8]. The
study of the bioelectrical activity of the pelvic floor
muscles and sphincters will expand the understanding
of neurogenic disorders of innervation and possible
ways to correct them, which prompted our interest.

Aim — to assess the electromyographic features of
the pelvic floor muscles and the sphincter apparatus in
patients who underwent radical cystprostatectomy with
the formation of an artificial bladder.

34

MATERIALS AND METHODS OF RESEARCH

The main study group consisted of 57 patients
with muscle invasive bladder cancer who underwent a
standard radical cystprostatectomy with ileocystoplasty
in several specialized centers. Surgical intervention
was performed according to the standard technique
with mobilization and extirpation of the bladder and
prostate gland, lymph node dissection, mobilization
and disconnection of the ileal area, formation of an
ileoconduitis and several anastomoses [10].

The patients' age ranged from 38 to 75 years on
average — (69.548.5). All patients were males. The
study was performed in postoperative period from 6
to 12 months after surgery. The control group were
healthy men comparable in age.

The examination of all patients was in accor-
dance with the ethical principles of conducting
scientific medical research with human participation,
which are defined in the declaration of the Helsinki
World Medical Association (1964-2000). Voluntary
written informed consent to participate in the study
was required for all patients.

The electromyography method is based on the
registration and analysis of biopotential difference
oscillation of the neuromuscular structures, which
characterizes the function of the organ and gives a
clear idea of muscle tone, their contractile activity,
as well as the integral state of reflex regulation. The
study of the pelvic floor muscular bioelectric activity
with computed electromyography (EMG) of the
sphincter apparatus of the pelvic organs was carried
out on a 2-channel computer -electromyograph
"NeuroTrac '~ MyoPlus4".

Surface electromyography is considered an
acceptable tool for assessing the pelvic floor muscles
contractions in real time, and functional asses-
sment by identifying the action potential of the
motor unit of myocytes [8].

Licensed under CC BY 4.0
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The EMG in the Work/Rest Assessment mode
performed in patients with an artificial bladder, will
reveal the characteristic changes in the biopotentials
of the pelvic sphincters and show their relationship
with the clinical features of urinary incontinence in
this group of patients. The principle of device ope-
ration is in a disposable cutaneous electrode using,
fixed on the skin of the perineum (A — channel) and
one rectal electrode (B — channel) for electro-
myography. The electrical activity of the pelvic floor
muscles and the sphincter apparatus was measured
for 5 minutes. Sessions were performed in the mode
of 5seconds contraction of the pelvic muscles
(Work Assessment) and 5 seconds of relaxation
(Rest Assessment) laying in the supine position with
rectal and cutaneous sensors.

Data processing was carried out according to the
following indicators: Work Average — the total
average achieved during all periods of work for the
entire duration of the session (in microvolts, pV);
Rest Average is the total average rest during the
entire session (in microvolts, uV); Onset Average is
average time (in seconds) required to reach 75% of
the work average value of all segments of the
session; Release Average is the average time (in
seconds) of relaxation below 37.5% of the work
average value for all segments of the session; Work
Average deviation is the average deviation (in mic-
rovolts or percent) of the work period for the entire
duration of the session, except for the first second of
each part of the work; Rest Average deviation is
average deviation (in microvolts or percent) for rest
periods of the entire session, excluding the first

Statistical analysis of the results was carried out
using additional methods of descriptive and variable
statistics based on the student's test criteria. The
calculation of the results was received on a personal
computer with licensed programs Statistica for
Windows and Microsoft Excel 7.0. The start of the
test was significant at p<0.05 [1].

RESULTS AND DISCUSSION

Registration and analysis of oscillations in the
biopotential difference of the neuromuscular struc-
ture, characterizing the function of the pelvic floor
and giving a clear idea of muscle tone, their
contractile activity, as well as the integral state of
reflex regulation in the Work mode is presented in
table. The average amplitude for the entire duration
of the session (Work Average) for each electrode
was 33.8+2.4 uV, (p<0.001), which is statistically
significant and lower by 42.1%, the amplitude in the
control group of patients was 58.4+5, 2 uV. The
average deviation over the entire duration of the
session in the Work mode (Average deviation) in the
group of patients with neobladder in channel A was
13.4+0.3% (p<0.05). This is 2.3 times more than in
the control group 6.2+0.4%. The maximum value of
the Peak value in the study group for channel A was
61.7£5.9 uV (p<0.001), which is statistically signi-
ficant and 41.8% lower than the control group
106+£9.7 uV. The average time (Onset Average)
required to reach 75% of the Work Average value
of all segments of the session in the group of
patients with an artificial bladder according to the
results of the perineal electrode was 0.8+0.1 sec.,

second of each rest part; Average peak/minimum (P>0.05). It is statistically unreliable in the
value is the maximum/minimum value of muscle control group 0.8+0.1 sec.
activity per session (in microvolts, uV).
Results of the perineum and pelvic floor EMG in patients in Work mode
Patients w1t_h31;e0bladder Control group (n=18)
EMG indicators (n=36)
in Work mode
chanel A chanel B chanel A chanel B
M=£m M+m Mtm Mtm
Average [nV] 33,842,4% 63,244,1% 58,445,2 98,4-8,03
Average deviation [%] 13,4+0,3* 15,9+0,7* 6,2+0,4 8,5+1,3
Peak value [pV] 61,7+5,9% 101,5+7,5% 106+9,7 183+16,5
Onset Average [sec] 0,8+0,1 0,7+0,2 0,8+0,1 1,1£0,2

Notes: * — the differences between the indicators are significant p<0.05; cutaneous perineal electrode — channel A; cavity rectal electrode — channel B.

The results obtained using the rectal electrode B
in the Work mode in patients with orthotopic
ileocystoplasty fixing the biopotentials of the

21/ Vol. XXV1/ 3

sphincter and deep muscles of the pelvic diaphragm
are presented in Table. The amplitude for the entire
duration of the session (Work Average) according to
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the rectal electrode was 63.2+4.1 pV (p<0.001). It is
statistically significant and 35.7% lower than the
amplitude recorded in the control group of patients
(98.4£8.03 pV). The average deviation in the study
group according to electrode B was 15.9+0.7 uV
(p<0.001), which is 1.9 times higher than in the
healthy group (8.5+1.3 puV).

4.5
4

The peak value of the amplitude in the group of pa-
tients with neobladder on channel B was 101.5+7.5 uV
(p<0.001), which is statistically significant and 44.5%
lower than in the control group 183+16.5 uV. The
average time (Onset Average) for channel B was
0.7+0.2 seconds, which is statistically insignificant in
comparison with the control group (1.1£0.2 seconds).

3,5
3
2,5
2
1,5
1
0,5

millivolts

o

ORest Average (A), patients with an AB BRest Average (B), patients with an AB

E"Rest Average (A), controlgroup”

B"Rest Average (B),control group”

Fig. 1. Average amplitude for the entire duration of the session (Rest Average)

The results characterizing the average amplitude
(Rest Average) of the activity of the biopotentials of
the muscles of the perineum and pelvic floor at rest
are shown in Fig. 1. The average amplitude at rest
was 3.3+0.27 pV (p<0.05), according to the data of
channel A, in patients with an artificial bladder. It is

millivolts

ORest Average (A), patients with an AB
B"Rest Average (A}, control group”

significantly higher and 42.4% higher than in the
control group (1.9+0.3 puV). The results of channel
B showed the level of the average amplitude (Rest
Average) at the level of 4.2+0.32 uV, which is
47.6% higher than in the healthy group
(2.240.63 pnv).

HRest Average (B), patients with an AB
B"Rest Average (B),control group"”

Fig. 2. Average deviation for the rest period of the entire session (Rest Average deviation)

36

Licensed under CC BY 4.0



MEJINYHI IIEPCIIEKTUBH / MEDICNI PERSPEKTIVI

The results of the average deviation for the rest
period of the entire session (Rest Average deviation)
along channel A are shown in Fig.2. It was
1.4+0.82 pV (p=0.05) in patients with a neobladder. It
does not statistically differ from corresponding results

1.2

0.3

millivolts

0.6

04
0.2

ORest Average Peak minimum (A),patients with an AB

B "Rest Average Peak minimum (A),control group”

of the control group (1.7£0.91 pV). Indicators (Rest
Average deviation) for channel B were slightly higher,
and amounted to 1.00+0.45 uV (p<0.05) in the study
group. It is significantly (by 54.6%) lower than in the
control group (2.2+£0.51 pV).

BRest Average Peak minimum (B),patients with an AB

B"Rest Average Peak minimum (B),control group"”

Fig. 3. Minimum muscle activity per session (Rest Average Peak minimum, pV)

The results of the minimum muscle activity
(Peak minimum) for the session are shown in Fig. 3.

Thus, the Peak minimum for the skin electrode in
patients with neobladder was 0.3+0.02 uV (p<0.001).
It is 3 times lower than in the control group,
1.240.09 pV. Channel B showed higher biopotential
values, so in the group of patients with artificial
bladder they were 0.5+£0.04 pV (p<0.001). It is 2.4
times lower than in the control group (1.2+0.09 uV).

Average release time for channel A in patients
with neobladder was 0.41£0.02 sec. (p=0.05). It is
not statistically different from the volunteers
(0.29+0.01 sec). The results from the rectal electrode
also demonstrated the lack of statistical significance
in the comparison groups and amounted to
1.0+£0.06 sec in the group with neobladder. (p>0.05),
and in the control group — 1.3+0.01 sec.

CONCLUSIONS

1. The obtained results of the study of the
bioelectric activity of the pelvic floor muscles
showed a decrease in the amplitude of contractions
in the Work Average mode by 42.1% (p<0.001) for
the perineal electrode, and by 35.7% (p<0.05) for the
rectal electrode, compared with the control group,
which indicates a low contractility of the muscular
diaphragm of the pelvis and may cause incontinence
in patients with an artificial bladder.

21/ Vol. XXVI/ 3

2. The average deviation over the entire duration
of the session in Work mode in the group of patients
with neobladder in channels A and B was 2.3
(p<0.05) and 1.9 (p<0.05) times higher, respectively,
compared with control group. These data indicate an
imbalance in the muscle tone of the pelvic floor in
patients after extensive reconstructive intervention
on the pelvic organs and can potentiate urodynamic
disorders in the study group of patients.

3. The average amplitude (Rest Average) of the
activity of biopotentials in the resting state of the
pelvic floor muscles along channels A and B is
higher by 42.4% and 47.6% (p<0.05), in comparison
with the control group, which indicates insufficient
relaxation and rest of striated muscles and sphincter.

4. Despite the change in bioelectric potentials
from the rectal electrode in the study group of
patients, there were no signs of functional insuf-
ficiency of the anal sphincter, in contrast to the
severity of urinary incontinence, which correlated
and corresponded to the results of bioelectrical chan-
ges obtained through channels A and B, up to oscil-
lations and loss of complete control.

5. The EMG analysis of the pelvic floor muscles
revealed characteristic changes in the biopotentials
of the pelvic sphincters and indicated their relation-
ship with the clinical features of the rehabilitation of
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this group of patients and the prospect of including
the biofeedback method. It is a derivative form of
the electromyographic signal, in the treatment of
incontinence in patients with neobladder.

6. It is advisable to create pelvic rehabilitation
centers with the possibility of surgical correction of

severe forms of incontinence to assess and improve
the quality of life of patients with urinary incon-
tinence after volumetric reconstructive interventions
on the pelvic organs.

Conflict of interests. The authors declare no con-
flict of interest.
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