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Development of an Adjunct System for Clean
Intermittent Catheterization in Patients with
Neurogenic Bladder dysfunction Patients
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'Department of Electrical Engineering, Southern Taiwan University of Science and Technology
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Abstract

Neurogenic bladder dysfunction (NBD), which is characterized by dysuria and lack of bladder fullness, is a
major factor in urinary tract infections (UTIs) and death in patients with spinal cord injury (SCI). Emptying the
bladder with intermittent catheterization is the best bladder management method available. However, clinical
Standard Operating Procedures (SOPs) currently only limit water intake and apply regular catheterization to empty
the bladder. Drinking too much water or holding urine for too long can lead to overfilling of the bladder and cause
urinary tract disease and hospitalization. According to the questionnaire interview of SCI patients, the time control
of catheterization, the inconvenience of going out to the toilet, and the control of dietary intake are the main
reasons for the inconvenience and declining quality of life. We proposed a Smart Bladder Management System
(SBMYS), including a Urinary Monitoring Device (UMD) and a Smart Management System (SMS). The urinary

monitoring device uses near-infrared spectroscopy (NIRS) and ultrasound to build a wearable urinary monitoring
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device to estimate the bladder volume by measuring blood flow changes and the distance between the anterior
and posterior bladder walls (TD). The Smart Management System (SMS) is built by linking Google Map and
cloud database through a mobile application, providing four functions, including urinary catheterization time
reminder, accessible toilet search, history, care recommendation, and urinary catheterization volume
measurement, to help patients improve clinical urinary catheterization troubles. With the results of this
experiment, it is expected that this study can be carried out in human clinical trials in the future and can be
manufactured and distributed to help patients decide the timing of catheterization based on bladder urine volume,
which, together with the smart management system, can improve bladder health care for patients and increase the
happiness index of patients and caregivers.

Keywords : Spinal Cord Injury, Neurogenic Bladder Dysfunction, Intermittent Catheterization, Smart

Bladder Manager System, Phantom
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el Es (ATmega 328P-AU, USA) it By &kt e M EH I il 7 I e - HX711 {E By 24Bit A/DC Converter
ffEE TR RS (Load Cell Amplifier) - REEEATHEAR iRy B TR0 B BR e FA FIEH12S > Il
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Load Cell ' | 0ad Cell Amplifier
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Bluetooth Transmission
ATmega 328P-AU Wireless

Microcontroller module

Reset button —F———

LN A

Bridge

Power Unit  —— Regulator

e Micro USB
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S B N CEEE RN - WEE T IOERERNH RS TR E > ERERTERE G R
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Measurement Records UMD CIC Reminders

evaluation

W25 fdp&ERE APP ¥ B3 UMD REFR i
(Z) FHRESE Web 4 6 %3

{5 MySQL 17 8 & B IR E w R AL R i P &L - MySQL BB - ThRERAAYRR (AR
FEEEE AR - AR AR S (R E 28 > ENEESR S MEsE S » 608 PHP ~ PERL ~ C ~ C++E Java if
El Ikt% MySQL H iR (I E IR EA - #A =5 TEE&ZISEQ PHP PRIRFHS FRRIEH T & AN 5T
TR - BB L E R eEE AR R ORI & 6 Y Sl e T B R b B R i - AR P ?
Bk ’*ﬂ%ﬂﬁ&%ﬁﬂyjﬁf B B AGEHEE R ST ] B S E B E AR -
FHEZ H 2 (ERARHR K - IEBEAEI NS - 7eUREERER e 2808 M - BRI
P HmBReR S - Fy 7 RS MR AR - e EERERIFT -V 2 BRHE BT - 559ME
Ho2 BT PR B BIRACH: - SRt a2l 27 - AWFELl PHP QEHESERE » feftgH
AEHIIRE

Relational Database Management System

l) atabase

Application Sever Cloud Database Server Web Server

IOS g'

Androxd Client

Internet Internet

b !
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T~ BREHNG

FSREE A IUEE BRI T » 5 ISR B s B R S T 2 T B IMREE RS E
T Bk EAE (Transverse Diameter, TD ) i/ﬁJﬂﬁuﬂwﬂ‘éﬁéa% HEEM R4 6 fiz SCI 3%
HETRREM > TEMEH 10 Rig4aT SCI B RE » Wk 24t % SCI BEE BhRRy -
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B28 2FBERT > A pEHhETEREN
(=) »BRELRLF A%

AR A HE S SIS LA TERRNIEN ) - BRIR LA A ERZE - RIL A RS BRI 4B
HERENREERFNSHENE  HHERERW ALERETRE > RS EE A B GER M ARE T
17 - fERRIR B EIVISEI RN E - AR A A RIS EE TN AR KRS AR 2 —
FEHERGER THEREE AR L&MW AT - IEFEFEREHVE R SR & TG 4R A ARz 2R e
HCRE B EERRITE S R RS R L B AU SeEs b B B AR -
BUEH R EE (Skin) ~ B5fffE (Fat) BABsht (Bladder) - (R ARSZEAMARE Ry ERTVFE A4HAR (Pig
soft tissue ) ELiE » FEFEAIVBKIEE [ - KIS EERIFERE BT (3 mm) ~ A5f5 (10 mm) BaFERSAE (72

FZE 9mm)
21 RIANAReRHpR TERE

Human (mm/us) Pigs (mm/us)
Skin 1.54 1.50
Fat 1.45 1.43

muscle 1.58 1.58




THRE - HEEH RS £ 7 555 1 /] 2022 43 /7 103—130 119

22 LEABHMARRHR
Skin (3mm) Fat (10mm) Bladder (9mm)

Pig

soft tissue

Phantom

EERASTLANE 3 - 4 FIT - FEPARZ R RIAS 4R G A R A B/ B0 0.03 RV - TS
RS A O B b th 522 0.23 /A3 8k BB A1 » AR5 IR A P AR B e W B R A
AT (O A A (T B 1 B -

£3 BF EHAEMLER

A K (%) A K (BH) "5 95 (%) g 75 (IE48)
Mean SOS(mm/us) 1.54+0.01 1.52+0.01 1.47+0.00 1.48+0.00
Average error 0.01 0.03

44 ERsARESHTD G EVR

% e (¥) raiad Gt )
Mean(cm) 8.89+0.04 9.12+0.03
Average error 0.23

MBS BT 1% (Transverse Diameter, TD ) 7 PR (BB ME (T B 22 B (E » BIEERERKTD ey B
12cm -~ 1lcm~10cm~9cm ~8cm ~ 7cm ~ 6cm I » BB E R RN S B RS - Bl AT EETAL S o
TD(ecnoy IEREREEL AT T

BB FATIE 20 P » FEBALIES 6 om % 12 om [EISEER S IR BRAFTT - (B
ERERENEEE - HERTERAUITE NS IS RE FAs — i N EER 2 - IE R
SR ALEIERLEES TD LB R ASBEBIRIE - HREAGRERING - sEEFRELAE
GER S IRARME - W 29 AT o

F29 BHE+ELERREF  TAZIHAARE® () AEREIREAPPL (%)
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25 S0 1 25 ] 0 225
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Standard measurement (mm)

W31 BB TDRHEE:d AW

EEEREIREEE W H B R E SRR S AR ESEE TN T EER - — MR TIEER L ER
REAIREREE -5 B 23.4 mm > RERAEERREE 3 mm B9 A7 BAg it 21 mm BIRSAGREG &) - EERGIRAELLIR
NEasBRat R - EERREHE 32 vk -
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(z) $REF S ERELRE
AEEBE R L F R EHPER EAYRFEERK S ERLE » BASEE SN FEITELE - JiE 33 A
o BHIDMEAER S DARRIEEIE T EHNRAS DURIRETER - RIRFEBIR EMA s A/ NEZ]
B AME - Rt RIEE: » FREs0H 100 ml ~ 150 ml ~ 200 ml ~ 250 ml ~ 300 ml ~ 350 ml ~ 400 ml ~ 450
ml 1500 ml ; FREFEH 60ml ~ 100 ml ~ 160 ml ~ 200 ml ~ 260 ml F1300 ml » Z¥EEH S EHI AKX » Wk
SHAREF A - ERRGEREURASE B IR & EOH EEA S e B - HERE B A 10 ml DL
N K& ERGERER HiharE - BB A — 8 -

W33 TeA¥? RESREN
405 REBE B foRs

1 2 3 4 5 Average value Error
100 ml 97 103 94 94 96 96.8 3.2
150 ml 145 145 143 145 144 144.4 5.6
200 ml 197 199 197 197 199 197.8 2.2
250 ml 242 244 242 242 245 243.0 7.0
300 ml 291 292 291 291 292 291.4 8.6
350 ml 346 348 346 347 347 346.8 3.2
400 ml 395 396 396 396 396 395.8 4.2
450 ml 449 450 449 451 450 449.8 0.2
500 ml 493 494 495 495 495 494.4 5.6
600 -

y=0.99x +5.15
R*=10.9997

Experimental study of the volumetric

0 100 200 300 400 500 600
Standard capacity

W34 KBRS ERNTESE S A
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36 REFRESF{EL

1 2 3 4 5 Average value Error

60 ml 65 64 65 65 65 64.8 4.8
100 ml 92 92 94 95 95 93.6 6.4
160 ml 159 159 159 159 159 159.0 1
200 ml 206 206 205 205 205 205.4 5.4
260 ml 261 261 261 261 262 261.2 1.2
300 ml 300 300 299 300 299 299.6 0.4

350 - /

y=1.00x+0.12
300 R2=0.9978

250

200 4

150 4

100 4

Experimental study of the volumetric

50 4

0 5‘0 1lI)0 15‘.»0 260 2;0 360 35;0
Standard capacity

W35 EINREHERTRES Y AW
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TR RGERY I G EEF R AR A B & Er R T - —f% SCl &7 H PO BiEREL
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P BESNEBRF I EE - 28GR N R At B A EA AR SR DI RE - IR SR mse i ol R &
HEEHAE TG - FHEREIAE fI B AL R N EGHRIFT > 8 A DUA B IS S A AT Y e hRE
JAIF AL « BRI SR AT AR IR o T IE 24t vl ARG B 1T AL RGBTy 1A > W0yt
EHSF SR - BB E NN EIFALL ST O B EE -
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FE EAte R p B KA - B SRR RSt E_ERTATIECES o o] DUG BIRTAT AL LR - T O BUR R
B RFTiRE B LA P = SR RIFTEET St am - 12 NERARIE 1R AU G M i RS SR BN TR BB TE
PEA R RE PR RS PR R B SR BE R P © B AN A GBI P FUFTHYTHAE - BEEEG b Al hiEs
R BRI - Wi Z B AL F tpeig=E] -
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%27 2P 6XRIEMHAEREFEK

Item Range

Gender n Male /Female Male 4 , Female 2

Mean Age (year) 40.3 21-59

Mean time since injury (year) 6.5 0.5-25

Level of injury, n C/T/L 4/1/1
Strongly Strongly
disagree disagree Neutral agree agree

1 2 3 4 S

B48 AP I 2S5t FL%HI 3N

38 FRERAAMKENE

128

HEEE EEE EEE
$£—IEE : mEERTEE
1 (SRR BRI EERE o o U BB S RIAT - 4.83 0.40
2 HEERG O E o ISR IR B EIR SR B - 4.67 0.52
3 HifmsEo RS osEE SIS RIATNY T g - WSS - 4.67 0.52
4 FipTEREThREE B ISR & B Cakiinv R 4.83 0.40
5 EHEEEUHNE > RSB - 450 0.55
6 BRSNS o WIREEEATEIN R EEBIN - 4.83 0.40
£ - HRIGEERHRE
7 PR T AR R 433 0.82
8 IRIBEIERINERESR T RERIFME - AEERERSIINE - 3.50 1.22
9 ERFINIEREIREEBIR D B REREE - 3.17 0.75
10 LR A E USRI E 2ME - 3.00 0.63
11 BAERE o DA AE CERRE » W EE ARSI 453 - 3.17 0.75
F=IHE - B AREER
12 ZEPROEAVES R BAAIREENT - B0 4.17 0.40
13 ERGREIFESHER  fEE Y H CERAVER 4.17 0.40
14 BNFR&CsRae B Bh TR FRAHERRAR 4.17 0.75
15 fRiR&ETERY 7 AER T — B A H CAVEER BT 433 0.52
16 BEEACER TR IR ETE RGN 4.67 0.52
17 RS - HRIIAEA A HGEERSRE - W0 i RS M B RAV(E (RN - 4.50 0.55
SEVIHE - HEREH
18 FREENEEERT FFE 4.33 0.82
19 FREENFEEEFERREGHERE 450 0.84
20 ZGRciR e IRE A B R E YRR 4.67 0.52
21 ZHHE LS T S 4.67 0.52
22 BB S o MLTHAEE BN ERIFIER] - W EA R SR = E 4.67 0.52
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RG45 DI stikEE (Statistical Product and Service Solutions, SPSS) #7434 > 6 fir BB {EFH %M
B F 4.36 77 (FREAER 0.47) - BURESESI S L A4 % SIC B ER E2AEBN - & AIH
B399 5K%E » fmor e Ese T G I06E 4.72 73 (FEER 0.47) - IARSThResest b S BHEAL
% SIC BELRNAE - ARG EIREHENEEE S H OHVET =0 BXCREIEATIEE
TEIRFEPR AR - AZERIECRAOK BRI - R ARy ¥4 3.43 77 (4B Ry 0.83) AlI[E 49 Fik »

i~ %%
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