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An Application of The Healthcare Failure Mode and Effect
Analysis with Monte Carlo Simulation to The Sterilization
Process of Medical Equipment

Student : Ching-Wei Yang Advisors : Prof. Chung-Yu Pang
Prof. Yi-Wen Chen

Department of Industrial Engineering and Enterprise Information
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Abstract

In recent years, patient healthcare is a important topic in medical field. How to
decrease the risk of missing in the operation and healthcare is a key investigation in
these years. Healthcare Failure Mode and Effect Analysis(HFMEA) is a kind of
special management method in process of healthcare and medical. The HFMEA has
preventive property with decrease the risk of medical and healthcare failure terms
efficiently. This research uses Monte Carlo Simulation to extend the sample quantity
then make the HFMEA's risk matrix more accurate than the original sample type . The
risk matrix will provide the information of risk of failure mode in disinfection process.
This information will help the case hospital which has a better data to access and

improve the process.

Using the HFMEA and Monte Carlo Simulation methods to access the case
hospital's staff disinfection cognitive. Through the following steps disinfection
process, expert access, disinfection cognitive and hazard analysis to find out the
original cause and give the proposal. According to the analysis results that the
cognitive have 3 points contain failure mode. They are . The points should be
improved and re-examine.



Promote the patient safety is a mission that have to be strived by all of the staff.

HFMEA is a management method to prevent risk and the method coordinate
with Monte Carlo Method can make the sample with more reliability to make the data
convinces the decision maker which terms should be improved. When the points is
improved that the healthcare quality can be enhanced and patient infects probability
will be reduced.

Keywords: HFMEA, Monte Carlo Simulation, Medical Facility Disinfection
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Xy X5 X3
S
Model

5.26 H).04 Reliability = 87.6%

B 22 F++REE>A7EITLR LR G R F(Wittwer,
2004)

1T PR R+ ReenT 45 2% (Manno,1999) ¢
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X(s) , 27 s€eS X(s)ER
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SES,

v

He S 72— BSeh3+ B4 .85 ¢
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RS H RS 2R M G I P REE L 5 TR R
o DRI wAR D S o R R hE B R M‘"‘f” i
EREL AR CFREH=F RSP RO A B R
FRVRBITAEEA R G VDT AIR A FREH P LF
F Popen® A2 R - (Marcus,2005)
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P AR R o AT BB T K B RIS FE
FhRE L LG v done

Tk PR RSB RO T £
%29 fEETNFRAFL I PR(AFL P TERL)
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Application of the Petri | Vijay 2004 | pFm 7 B & %5 Bk & Ao
Net to Simulate and Gehlot, R 30 S BV 2
Vallo_Iate Complex, Elliot B. EPEEEE L F)
Multi-Vendor, Sloane

2 E® EM A AL 4
PERBEE R - £iF
Petri net 2 % 21 &
PR F R Re 238
Aw BT R > %pd
RS

heterogeneous Networks
of Wireless Medical
Device System

Healthcare Simulation Joseph 2011 |"g v R A v &Lz 48
and its Potential Areas Barjis P A m LT RS ER
and Future Trends R Fg B kA &

LFRT &4 23R
o FRAPM R R LT
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SimLean:Utilising
simulation in the
implement of lean in
healthcare

Stewart
Robinson.,
et al.

2012

% RACE DR
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Clinical simulation as a
tool to facilitate culture
change in healthcare:
Practical application of
advanced learning theory

Jose M.
Maestre., et
al

2014
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Application of Monte
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Hsu., et al.

2009
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47 s feds R EpRTE R S BE3 fei 1 & i % (Chuck, 2008) > @ &
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B R Ae R e TV e s TR 1F Basyfit Sut ARV iR T
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F A4 Easyfit o TAE T PR PP

(1) Kolmogorov-Smirov(KS)t# =_: 5 4p % % L g * Hicke 22 1k
B E o v B A G Ay B FRE O KS TR
AT RPRE- AR ELI N E- 2 0GOS
Boom KSHSniEa4e™ (1) § 44 &8 7 Hrk B
(248 %

(2) Anderson Darling # =_: ¢ Kolmogorov-Smirov(KS)+# =_i2 iz
Aok A RPRENEBAT R B thAa T A EINR
EL KSR T L m KSie i ? dicm® Bl ot 17
£ % *T4/4% > Anderson Darling # &3t F & 20 fe b 8l 3
ﬁvl LR

(3) Chi-Square # #z_: Chi-Square f &3 + ¥ i@ * 3t3F /| $k &~ 1

TRl > R R AFToR e B G P I EE B e
Tiafp Y Gk &L 10 F 80%m+§.56§1a ZHpFER L 5N
doRRRSEERE OV RETF ST R E -
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5.Easyfit 2 4~ F 44k £ 4% : Easyfit p cn T AR RIS =0 »
%] = Kolmogorov-Smirov ~ Anderson Darling ~ Chi-Square = f&
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Fr3 A
Z3 A1 HEMEA = 3 2 5 & BB 5 F IiE 759
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FEAFY CXBGRP R EFTHY o2 T - BAEIUE LB
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WIESE > mgFE* 0 =0.05" A A% RE3 4 41-410 chk el i § #ic
LF kg A A TERF LY KR T A il AR

28



B2 A fle s AR RF ARER NS FHGELT & o

AL F-b gREFFARRARESRL

Kolmogorov Smirnov Test | Reject 0.05

Rank Statistic
Log-Logistic (3P) | 1 0.36348 No
Gumbel Min 2 0.37661 No
Rayleigh 3 0.37859 No
Log-Logistic 4 0.38352 No
Dagum 5 0.40127 No
Dagum (4P) 6 0.40285 No
Uniform 7 0.40341 No
Frechet 8 0.42039 Yes
Erlang (3P) 9 0.42966 Yes
Frechet (3P) 10 0.43167 Yes

%42 %=

Gt bR ER L B RN R B R e R

Kolmogorov Smirnov Test | Reject 0.05
Rank Statistic
Log-Logistic (3P) | 1 0.3107 No
Uniform 2 0.33094 No
Error 3 0.331 No
Log-Logistic 4 0.33787 No
Gen. Pareto 5 0.34184 No
Frechet 6 0.3478 No
Inv. Gaussian 7 0.37606 No
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# 4.3

Kolmogorov Smirnov Test | Reject 0.05
Rank Statistic
Log-Pearson 3 8 0.38174 No
Normal 9 0.38814 No
Pearson 5 (3P) 10 0.38914 No

P FAERE G AREMERGABE s frd gk

Kolmogorov Smirnov Test | Reject 0.05
Rank Statistic

Log-Logistic (3P) |1 0.28267 No

Log-Pearson 3 2 0.28452 No

Gumbel Min 3 0.2856 No

Gen. Pareto 4 0.28568 No

Gen. Extreme Value | 5 0.29664 No

Burr (4P) 6 0.29836 No

Weibull (3P) 7 0.29844 No

Johnson SB 8 0.31556 No

Power Function 9 0.31994 No

Kumaraswamy 10 0.32 No

44 Frw o fREPESIHT FRAFATRARY AL

Kolmogorov Smirnov Test

Reject 0.05

Rank Statistic
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Kolmogorov Smirnov Test | Reject 0.05

Rank Statistic
Uniform 1 0.28211 No
Pert 2 0.28498 No
Johnson SB 3 0.28552 No
Weibull (3P) 4 0.29302 No
Burr (4P) 5 0.29321 No
Gumbel Min 6 0.29323 No
Log-Pearson 3 7 0.29336 No
Weibull 8 0.29445 No
Gen. Extreme Value | 9 0.2953 No
Rayleigh 10 0.29535 No

245 Ik FRERERAL IEFLTMAR 2L FARS

&4

Kolmogorov Smirnov Test | Reject 0.05

Rank | Statistic
Gen. Pareto 1 0.38597 No
Uniform 2 0.39638 No
Log-Logistic 3 0.39924 No
Log-Logistic (3P) | 4 0.39928 No
Chi-Squared (2P) | 5 0.40269 No
Rayleigh 6 0.4033 No
Error 7 0.4059 No
Log-Pearson 3 8 0.40657 No
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Kolmogorov Smirnov Test | Reject 0.05

Rank Statistic
Frechet 9 0.40672 No
Gumbel Min 10 0.4075 No

146 ¥ Y BT ER RTNRARAL & AT

A FE I RAFERRERI LRERY T AREERE

Kolmogorov Smirnov Test | Reject 0.05

Rank Statistic
Johnson SB 1 0.3213 No
Gen. Pareto 2 0.32384 No
Frechet (3P) 3 0.33577 No
Uniform 4 0.34 No
Log-Logistic 5 0.34404 No
Log-Pearson 3 6 0.35165 No
Frechet 7 0.3526 No
Log-Logistic (3P) | 8 0.36528 No
Chi-Squared (2P) | 9 0.36636 No
Rayleigh 10 0.3804 No
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%47 %=

SRR R R

Kolmogorov Smirnov Test | Reject 0.05

Rank Statistic
Uniform 1 0.28954 No
Gen. Pareto 2 0.2907 No
Lognormal 3 0.29204 No
Log-Pearson 3 | 4 0.30181 No
Frechet (3P) |5 0.30713 No
Pearson 6 6 0.30752 No
Fatigue Life |7 0.30896 No
Inv. Gaussian |8 0.31051 No
Gen. Gamma |9 0.31179 No
Johnson SB 10 0.31245 No

7248 FNEIATRFE R HEETTFEE SREEL

Kolmogorov Smirnov Test | Reject 0.05
Rank Statistic

Weibull 0.24579 No

Gen. Gamma 2 0.25058 No

Pearson 5 (3P) |3 0.25137 No

Gen. Pareto 4 0.25521 No

Gamma 5 0.25551 No

Erlang (3P) 6 0.25662 No

Pearson 6 (4P) |7 0.25764 No
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Normal 8 0.26014 No
Uniform 9 0.26082 No
Lognormal (3P) | 10 0.26097 No

%49 F4 e iRg R R MUK DR E R AR

A ]ﬁafﬁi&%\'

Kolmogorov Smirnov Test | Reject 0.05

Rank Statistic
Erlang 1 0.32165 No
Gen. Pareto 2 0.32435 No
Frechet (3P) |3 0.32662 No
Uniform 4 0.32924 No
Log-Logistic |5 0.33228 No
Log-Gamma |6 0.33967 No
Gumbel Max |7 0.34366 No
Weibull 8 0.34408 No
Pearson 5 9 0.34651 No
Pearson 6 (4P) | 10 0.35361 No
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%410 FtelFARRERAPRER gAREE A AR

A

Y

Kolmogorov Smirnov Test | Reject 0.05

Rank Statistic
Frechet 1 0.30826 No
Log-Logistic |2 0.31888 No
Uniform 3 0.33094 No
Error 4 0.331 No
Erlang 5 0.37277 No
Nakagami 6 0.38013 No
Log-Pearson 3 | 7 0.38174 No
Gamma 8 0.38353 No
Log-Gamma |9 0.38434 No
Gen. Pareto 10 0.38574 No

42 WEFHAL

g TP avizigE dahs feig (7 Monte Carlo Simulation s 3 4y
B g Bl 2 RIS A Fe R IR T o B fd B R dndicdr ohis 15
B R e Bl 1 B HkR S ol e SRR R (TR Bk T

% 4-11 4834 ¢ > § - A pe s Rayleigh 4 % » 3% 4 # chais
RRA Kk S B2 T -~ 4 meha iR Generalized Pareto
CEE R T IRRNAUEE IR R MY S SR
BRI F BAFAR R R S BRI R AR Sl e n L35
AT AR al] R ST R BRI & Sl R SliceniEA)
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= Y

e 71 2
% 411 H¥BE
PSS Sl it
o B Kk

% - e |3.1277 Rayleigh 4~ #
% - @ | 2734 | 4.466 PSR
% = @ |5.5253 | 1.2699 | -2.0525 | Generalized Pareto 4 #
%o 4 | 1.3489 | 4.0911 ESEWAR O
%7 » 79333 2.32 -4.6667 | Generalized Pareto 4 #
% = % | 7.5255| 2.0017 | -3.7083 | Generalized Pareto %~ #
¥ - 221096 | 4.7704 PSRN
%~ | 4.494 | 3.5739 EREIAED
% 4 % |0.8782 | 2.64447 | -0.38235 | Generalized Pareto 4 #
% L @ | 2534 | 4.266 ESEWAE

L RS R R TR S0 T 4 A S BRI B
B R b B S #h 15-40 SLBcH} 1 2 HOBE 1S 60500 S fcdp e 7 R i
W PR 10 BROTY o RsBoiR 2 WERERS F L E e 4
AT AP BT S & R IE 1410 cht g o

7 412 HEa B EF e T

Mann-Whitney U priekgEN (BE)

statistic

1 3416 0.556
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Mann-Whitney U wriekgEN (FE)

statistic
2 2829 0.105
3 3415 0.555
4 2731 0.073
5 3422 0.564
6 3480 0.642
7 3393 0.530
8 2675 0.058
9 2652 0.053
10 2905 0.137

d 3R e ddy Aot A TAMERD A HoRU By U IR e By DA
el e cEPA D R T 2 ABEAEF D B R AR

Toom AR R E ¥ @ * g Mann-Whitney U & {76 0 1k RS
AR BT 20<0052mT o L RBREANEE T A aEd p T
e

BT A L e g R DY RF AR

4.3 R3FEUZHEBEPAVE

KA TSRS A RATE RAR B R RS o
;gjggbbﬁ’w»l}ﬁ«'-@ﬁ g0 g F vk R (R4e R I8 2 fikR R 98 iE
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