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( A Non-invasive Measurement of Abdominal Pressure on Ambulatory
Urodynamics Study Using Surface Electromyography )

ﬂ***

—

AAA,EHFT A A
( Keo-Sik Kim, Chul-Gyu Song, and Jeong-Hwan Seo)

2 of

B9 2732 A% 7129 A Pae Muge JBL F 5 Qs B LA 428 + 900 Bl 2RPE o
@ olde EAYS 23] A%, £ AN EW SAES o8] HAGHOR B 34T & dE H2e
PR ATHAE AT 23 712 4% AUNE ol§stel 298 BY 2UFY YIFE o434 3R B¢ 2
ARASE 079:00601 908, F Ashe] QAFE 010:0070130Th ¥ AT ALY BUFY gueFE o4t Fof
$ 8953 A4 A Bespl Moz Be 2 4 Qg Aoz AzEy

Abstract

Conventional rectal catheters which are used for the measurement of abdominal pressure can cause erroneous result
affecting detrusor pressure, and the catheter itself is not comfortable to the patients. To reduce these problems, we
invented a new method for measuring abdominal pressure in non invasive manner using surface electromyography (EMQG)
signals of the rectus abdominis muscle. Our results showed that the correlation coefficient and root mean square error
(RMSE) between the measured abdominal pressures by the conventional rectal catheters and the estimated values by our
proposed algorithm were 0.7920.06 and 0.10£0.07, respectively. These findings suggest that the surface EMG of rectus
abdominis muscle might be used indirectly for more convenient measurement of abdominal pressure on ambulatory
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urodynamic study.
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Fig. 1. Block diagram of the ambulatory urodynamics

monitoring system.
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Fig. 2. Photograph of the constructed system.
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Fig. 3. Algorthm for measuring abdominal pressure
using surface EMG, (a) procedure for calculating
regression equation, (b) for converting the RMS
of EMG to abdominal pressure.
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Table 1. General characteristic of subjects.
Characteristics No. of patients
Sex Male 10
Female 5
Lesion Cervical 5
Thoracic 7
Lumbosacral 3
ASIA A 1
classification D 12
Caudaequina syndrome 2
Age (years, meanzS.D.) 50.0 £ 126
BMI  (meantS.D.) 242 + 2.8

ARD 29%8 AA A9 Dantec Duet® £9%

& A (Dantec Medical, Denmark) & ] ol )
& 5%, 2= ﬂi% 1 of FRTROH, of F B
g AFE Bt Al A ] }:a_O. Aoz 4R

APRY VTS o) &3 C]r Axke] ArpAAlE

3499

(supine position)® dch FE  JHHH

(9021P4421, Medtronic, Denmark)E 4tqlste] 23
&& FH9en, olF Ui double lumen) S.EH
(9021P5261, Medtronic, Denmark)& o|-&38ho] Hgy
g 33 2 ANEFE FYEH agx 2A

10mm¢<}

Ag-AgCl(Medirace, U%) 75_'3:7“2 o] g8}

Az PAse 24 A58 2489t 29
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Active electrode
(B Reference electrode
@ Ground electrode

Umbilicus
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Position of surface electrodes in order to record
the EMG signals.
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W3g-820] 300 cc ¥ WY #F 0 cc d W
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Table 2. Maximum values of abdominal pressure and the

RMS of EMG according to dailly events and

bladder volume.

Rectal pressure (cmH;0)
B.V. 300 cc 0 cc
Event mean £ SD. p'| mean* SD. pi|p
0% MVC 00 0+ 0 -
100% MVC | 320+ 284 = 395+ 271 x| -
Coughing 246 £ 193  *x 222 = 1677  *x| -
Sneezing 144 £ 101 *x 150+ 99 *k —
Talking 53+ 73 - 74+ 97 - -
Lumbar 175+ 166 *x| 213+ 201 ¥ -
RMS of EMG uV)
B.V. 300 cc 0 cc

Event mean* SD. p'| meant SD. pl|
0% MVC 190 + 82 185+ 80 -
100% MVC | 438+ 263 =* 451 + 283  *xx| -
Coughing 370 £ 198  * 39.0 + 227 x| -
Sneezing 201+ 125 * 333+ 165 x| -
Talking 226 £ 134 - 242 + 98 *| -
Lumbar 722+ 425 +x| 996+ 581 s -

p' © comparison values during rest with those during each event
7’ ¢ comparison values at 300cc with those at Occ

* 1 p<0.0b, ** : p<0.01, - : not significant, B.V. : bladder volume

E 3 FHzHE3 A 22EXNEBV.)E HolE ME] H
floff whE AlptAls B|0
Tabie 3. The mean values of the correlation coefficient
between abdominal pressure and RMS of EMG
according to data selection and bladder volume.
B.V. (300cc) | B.V. (0cc) | P’
5485 | om008 | os007 | -
HEI S 091£0.06 | 090:0.06 | -
p4 Kk xk *
* 1 p<0.05, ** : p<0.0l, - : not significant
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9] deolHE TEoE ¥ IARIHY A FFAF
(344 300cc: 091+0.06, Occ: 0.90+0.06)7F A A )
oHE HEOZE P& o (HFE&H 300cc 0.77+0.08,
Occ: 082+007)HTH 2 ARAAE BT <0.05). o
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s, (b)e 344 Occtl eiolA g dHolEHE Y
Bl Aojck 379 A8 ¥ SHE BYgHt FA4
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> ¢

-1)1- rz

6
L

]
09} *
8
]
€ *
Q *
o 08t y=0.006x+0.656]
S - r=0.24
K]
g *
8orf *
L 3
08 20 30 40
BMI

a2 5 BMol mE Mg #HEt
Fig. 5. The correlation coefficient according io BMI.
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(a) &HZEH 300 cc
(a} Bladder volume of 300 cc
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8

=
3
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HE2E A
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= Zte| A
(L3 300cc y=0.00+0.91x+1.38, r=0.96, Occ:

y=—0.01x2+1.59x -3.35, =0.72)

Fig. 6. Relationship between abdominal  pressure
measured by a rectal catheter and estimated
values obtained from the RMS of EMG during
gradual increase of abdomen contraction by
Valsalva maneuver.
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Fig. 7. Relationship between measured abdominal

pressure by a conventional rectal catheter and
estimated values using our proposed algorithm.
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Table 4. The regression equations, obtained from the
rectal pressure and EMG signals, and correlation
coefficients and RMSEs between measured and
estimated values as applying these equations.

an| 2L © =8 ¥= 4 4
3] A A 2 AT 2 &
1 ~0.01x*+3.35x-52.51 0.84 0.09
2 ~0.03x*+4.44x-97.67 0.82 0.11
3 -0.02x*+2.94x-2053 0.80 0.10
4 -0.35x%+14.77x-102.50 0.90 0.06
5 -0.21x%+15.88x-262.58 0.80 0.05
6 -0.02x*+1.69x-33.70 0.80 0.04
7 0.04x°~1.05x+12.70 0.77 0.18
1/ -0.01x*+4.04x-52.35 0.84 0.07
8 -0.07x*+6.15x-88.16 0.80 0.12
9 -0.41x*+14.42x-92.99 0.70 0.15
10 -0.01x°+1.43x-27.25 0.80 0.09
11 0.05x*+1.27x-82.60 0.66 0.27
12 -0.08x>+4.47x-3853 0.73 0.03

MeantS.D. 0.79+0.06 | 0.10+0.07
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