\_
/"

N7 R Z2HFAE~F1 ¥1 &8 829
gﬁ 2 4 * ?

<= Graduate school of Industrial Engineering & Management,
Q\Q National Yunlin University of Science & Technology

=/
"'\

A 57T AR R %% System Reliability Lab

http://campusweb.yuntech.edu.tw/~gre/index.htm

Statistical issues in the
prospective monitoring of health
outcomes across multlple unlts

fE& : Clare Marshall, Nicky Best, Alex Bottle
and Paul Aylin

WE2E . HEEE

IEEEZR : EfEEIUE




Content
Introduction
m  Motivating example

m Statistical process control charts for monitoring
performance of a single unit over time

m Modeling the in-control process: adjusting for multiple
sources of within and between-unit variation

m Acknowledging multiple testing over units as well as
over time

m Application to monitoring the performance of 169
National Health Service hospital trusts

m Discussion

Keywords: Clinical governance; False discovery rates; Hospital episode statistics;
Overdispersion Routine surveillance; Statistical process control charts

No B2 2 ARfE A “F1¥1fef gy
T % &’L’é“ i.)?,“;? % % System Reliability Lab.




s
e o

SR
Enn TRy 5
e e e e s
= e B

n EEFREZ M (Bristo 2X EERFEE - 2000,2001 ; Horton + 20014 ;
Ramsay - 2000F ; BIZfEEEFR - 1997) 1 &8 fE 88 E AR ER RN BE TR 45
R FEHXCEHIEREHRUSEETER(BRBRERENITHE
1999 ; BEE - 20000 BB O EMHN M AEFEMRBENET(H
42 . 2002) - FEHRERABET HZ -

m Bristol EXEEREZEHAEEN/IEHEEAZT S RIF(BAsE
MEFERERRKBZNHEE RS 27 (AylinE A - 2001;
Spiegelhalter& A - 2002) - HINEE R IR RIRE TR EARETEDOHI®
Al - ZERNEBELZEENRATREEREMEZENHENE
(R -

n BRREOATEREREMN MU ARIBEE LTE - A
ARG RRBIZEE—TRHE - FREEENUMRR IR
B2 2RIBA  BRuBEIHM O NEMERNBIZEEIR - ILHATHE
B HuENAFAENERHEEEEREREEZNE -

YWHRZEHPHEAF1I R ARy
SS, T Sk
TAY % 527 £ B % £ System Reliability Lab.

e T, ==t .-g-?%’v!—..
Sy Eo ek RS
E e et

-




Int"ro 1u ct ion (2 /4) -

n BN AEEERARFHESBEa (SmithE A - 1983) - BIEH4E
%“Eﬂfj‘ y2 (CarterF1Blight - 1981) R0 15 % By 5% 192 5w 4% = & AR LAY
Al ] FER RS ERFA TSN TES Hm%

n TEFBELEMMBREBERNERSFENIT —RERIE - B

\I

7|‘E}§ B EREAMBEEMES B —EBERESEGEME
DT -

O SPC% IBIRARZEGERETABSREMA I T4ABE

e H P EREZERNGEEES DT -

n BEREEFZREZEFABREENERERER - Mohammed
ZANROODERFHEESEFBETRRGIE H Ho
Lovegrove%ﬁ/\(l%?)%ﬂPolonleckl £ A\ (1998)fEFHCUSUME
hl B 32 S RN RERREASE T IREERMR G nEEH A
a0 FMIETE -

Lm'éﬁ#ﬁ*glilﬁﬁﬁgw
N % 327 1B ® % % System Reliability Lab.

1]

H]

=R
AN

?3\4

)
—\0




o,

-

eErHdEREENEAERRISBEZE=ZRERNRE

(Vanbrackle 'ﬂl Wllllamson - 1999) A0 J_JZ FE ECIE A TR B RV 1L
(LieZ A - 1993) - B RIMEIS BRI E —BU -

BR 1 Ex ¥ BRI 36 f___‘)[ ﬂxﬁﬁxﬁ(Aylln N 2003)@%5@% 59 3
(SpiegelhalterZ A - 2003) - A %078 1 10] [E] 55 Ba ORI 2 R 45 SR AE A RS
RIEZ B KSR SCE -

BEREMS1LENRGEIGEREDEMN SEMEANIEES
SENEE I%&%%%QHS 2~ YIRIRESREER) °

LELIMNEE

(a) XK=+ WE?@ETHJEZW%ETT JEREH A K
"o AoEx - 81F - &) J.:.EKZ%HFE %@zxnx e
FElE ﬁ&ﬁ%%% %%UE@ RiEe N - BERlADE 7¥<mu
BuBAnEer=2{cieErineEEE 0 TR“XEI"]%EEKE ;

Rz 2 HpHEAFi g1l gE
N % 327 £ B F 5% % System Reliability Lab




T . -
e e LT E e =

s e Ay
i Ehh oy

F
e
e e

S

=

Introduction /4

n D)ELSRBRIEWAMRETEIEZEFHEMRIERE -

m (AylinE A - 2003F) IR DB EBFENLTENERIER - IEXIRH
FEAMF AT AR RE -

m Section2 - 77431995~2000 169EINHSE[RH it B EIIEES
AIZEREFEEITER -

m Section3 ' AFE—ENUEHEGIE -

m Sections4f57 AlZ BN EIEZ ENIRBRRA A - Section
63 NHSZFEEUE -

m 5S4 ; fESection7 NHSEEEZEVIFNRIBEIZEAME

B —EEFMERTE -

-

-

Yo R 2 R E R B F e g et
SS, T Sk
N % v .8 F 5% % System Reliability Lab.

=~/




'otlvatmg examp

n ZREE /ﬂJNHS;cmE169ZK1995 2000PT BIRRFET X - :%Z5
RNRIFER P - TEZMEATER - E0EIERKBEDr
Foster Unitf w2 R &S 4 AtsT8UE -

m BiREIEB0EZE S R R EFTA S T H1580%
(JarmanZE A - 1999) °

n PREFRECHABE - Fic - Mhl - ZENESREIRTF (=
ﬁi%fllﬁﬂff/\*ﬁﬁﬁ%)\Iﬁ(ﬁﬁﬁ;i(?f%% M BSEN) c HRERA
BEFE BT R IL T S8 EREC BN E R ETA - R

n S ECEERAERERSDTENMN - BE LE2BBERA19
% - OeEEEE - RIEHZEEETER - BEEMESBERE
%D?EEK%%&?HJI‘E (- 0.14) °

n IEXHESREELEBEWEREY - MRS 00R5E
CENFABERE E‘EE'%’?“{I:@E?JD%D,JI Dy o

YW R ZHPEAFigienen

-

0,

N % 327 £ B F 5% % System Reliability Lab




monltorlng performance of a smgle unlt over

time (1/4)

m TEEEEASTEAEAGEIEPNSPCESIE
FBock(2003)&3amIREE) - BEfALL N F B4 ES

= $2 3% (& Sonnesson

n (I EBEEURBERARETES t=1.2,..) :
RIBRELCEERONMBIAEE N EERAGER - SEURR

ZRINEEE  SEREERA -
m (b)—fEREFAFTEh

MR AT ESHEB BN - EREAEE - EHIEIERKIE

n (C)EEABEZENHBIEETHIE R
MRIBEES EE@RE RGN ENE

ENRIBAIE

RORY T BUTTSEFR

T UIE - ERHIER RENNR(CUSUM)E Il B 1 Rl 4t 5T = E F X

S; =max(0, S,_| + R; — /’7)

N R 2 fRpE T FaerpgE
Wﬂhr 57 4B R % % System Reliability Lab




_-\.--':

=i -.._..

monltorlng performa

over time (2/4)

n HOAR-K/2EEEEIEE A IELS - 0g{f (y)/fo(y)} - H ohf F0f, 5
%U%E?E%JWWE%U%E’J YBC - My, BRI RUWETAR) - 7F
IEF B E fo~N(u,02) ~ fi~N(u+Ko,o?)

n KoRNFRERETIENENERBZFIIUIEN -

n APIEEHEHNMEAEBZERE . —BERRESEHWMK=1
sK=2) » —{E{RERZE(FIUK=35K=4) - IEETRRETE - B
GREZELEEZEBRIRBEDEEEFNANEESNINERE - B
Section 4.1 -

m TCUSUMEHIEFRERAETERAREAIGER NER - 487F

St=min(0. S, + R; + K/2)

n BB ESPCEFIBEE I E2CUSUMALETEMUEEREER

th HREM BRI SPCEFIEAELE -

RHRPHAFLFI R F R
&’L i&%ﬁé}i System Reliability Lab.

\__

0L
O

"'\/“'




“monltorlng pe'rforman'ce"oasmgle unit

over time (3/4 ) _
YSRITEREE S J:E% ma H 11(H1m+ﬁﬂcusumé%UlFaﬁ)
45 TE B IF & tEii%ff JEjﬁfAz 48 T 1R B5 1% 2= (Moustakides
1986) °

m E—CUSUME; J%?&E%%%ﬂ?ﬁﬁﬁ\m - Bl BT T)E
B R AR b 22 (Wald - 1947) OJgE A ESEE -

n IREEEETAFRINERICVEFRT=SUREBE - FE
VBAERBERHFEUENRERIERIR 2V WEEEE -
BEFABRRS I DEREERZZK -

n ZEEZREINER D FIIEGIE (Hunter, 1986) ° MEERATET
SR ERRERBNESREZERL.. . R - BHEEWCUSUMATETS
AMTHSEE -  HARBIEELRRRERSIDLABSEN
=R EEEMURMREESINES - #HRATHAIER
NERESEE—TRME -

e\g\/L 1> ZHpPHEAF1 1 &8 ‘%Ji!—_'.’-"“i‘
Wﬂhr 57 4B ® % % System Reliability Lab.




S

zz'monltorlngaperforma I
over time (4/4)

m BHERCUSUMsE N TERRIEBEEEERFEHES
BlgiMohammedZ A - 2001) °

m M BESHEESEEHBERGT=BIETEF RSO R
BEiER HEREEIBBEITEY) KA BEEBEANR
Ao A= -

EIS5E bl

\\\)<T
[

o i&ﬁt%zﬁt$£f91t}§ﬁ%%1bﬂ #E 7N AZOR! /)N T S A AU 355 A8 U=
FOENRE F*JEF%&)&E%%%EE%%U’e\r%/EZE)J

(Vanbrackle £4 Wllllamson 1999;Williamson #1 Weatherby-Hudson,1999) °

No B2 2R Fa e gy
N 5 v LB P % % System Reliability Lab.




ey G S e
e X T iR

.,-r-""""

31 Settlvntg the ala-rm t'h_re;shol'd aﬁ?ﬁder|V|ng'
chart performance measures (1/3)

m BAEARETHURERIAGE N T MBETEREANE “E’J A
AR REORNIEE - 28 1 BRI Eiig

m Frisen(1992)1 L B VAR ABAESPCERIBIGEEMREE - &F R
N2 FHETRE(REMEHE SR ERT=EETEBER
P9t 1Eh) -

n EFRNFEHETREERMARL ; ERESRANKRKRER -

o ft’g’%ggizi’:jﬁﬁﬁfﬁ?t%%ARLy1DEUF§T ERREBINER
7 BeBUCR R FIE1E S Eh R E &l MR T A/ NK

ARLoﬁFEIARLl <RENIEEERIIMRBKEZESEL - IR
RiERCAFEHERERIBEER XS RE R EREES -

:2%#& Fiiigaga
x 3L¥ LB R % % System Reliability Lab

\__

0L
O

"'\/“'




d\_

31 Settlzng thefala'rm thjre'sholld and derlvmg

chart p ‘erformance measures (2/3)
EE =PIEEFAARLI B4 IR - Frisen(1992)%5 W RL
DEEBEEBEEER  AREFEHERNEESE - tHEFAE=SE

%IJ = %EEEE’JARLMT@% IARIMEE RZ BRI 2B —RER -

ERE{LCEpEREREIRBERE —LEARINER - XRPIE
H:\H%HVCIJMETE—% % THEE 7
(a) FEERE MR (PFA)—N B K BRERAEERIFET
I ] 3 0 BRI 2
(b) Bt J}ﬁlﬂ%?'ﬁﬂ:(PSDo AT RIERERT
%ﬂﬁ—fﬁaﬁﬁaﬁﬁrﬂWE%UWﬂﬁ_Eﬂ: S PR ‘ESZ'%%% A1 e R (
BHEH) - *&?HY/?EAHTF&EUW@%T SENEMA/NEE -

1 HLAECUSUMETIE JrJr/EJE%EEETﬁEQE%UW’fﬂfﬁﬂs%
?HE’MTE—%%HEE%\@B(ET%ElOOOOO'” Monte CarlotZ#EsRZ=5T




31 Settlzn'g the afl':arm thire'sholzd_and derlvmg

chart performance measures (3/3)

n RRRERIRE FE R ERFIEEER D REHRE R
e B2 LEFEENK = 1)IBNNEISFEEIE -

- 40

B 1 21 B2

. SETHETBIESHIEPIEMEN = 3TE6ER(PFA)BREE
HEBE3I%(WARRERIIRERGE)

n NRENEIEBIZTELEH] %Eﬂ%ﬂ* BAE—
F) - B 1FFE1I2FFION K EETIE S

E5M 3

REEZBE(IFEERE0 - 100] -

gl

B (L5

m YIREFREFIE

\__

0L
O

../
"'\/“‘

AIEIE

=6 A(PSDs)

E(Wh=2; R1IF—IT)RIBEARHEL
MEBE . ERBEEHE - AETOPIEENEIKES

BEAR -

RZhfEcFrdigaega
x 3L¥ LB R % % System Reliability Lab

=hilli=

R EIR(ER
SO5SE D UBEIEETRE 7 BCRLyY) ; IRENIFHIREE

- &

B HE67 %= ]

-EE’f




multlple sources of W|th|nand between un|t
variation (1/2)
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multlple sources of W|th|nand between un|t
variation (2/2)
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Number not signalling ~ Number signalling  Total
an alarm by time t an alarm by time t
Number of units mo(K)— Fi(h. K) Fi(h. K) mo(K)
truly in control
Number of units mi(K)—T;(h. K) Ti(h, K) mi(K)
truly out of control
Total M — As(h, K) At (h. K) M
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Magnitude of  Magnitude Multiple chart performance measure
shift to be of threshold,
detected, | K| |h| — — o . _ o
SDRg FDRg | po (“0) for the following numbers of units truly
(%% ) out of control}:

5(3%) 10 (6%) 20 (12%) 30 (18%) 40 (24%%)

I 2 83.7 82.4 69.5 51.7 39.9 31.6
3 67.3 59.2 41.3 24 .8 17.0 12.5
4 48.6 30.8 17.7 9.2 5.9 4.2

2 2 93.7 40.4 24.7 13.3 8.7 6.2
3 82.6 8.6 4.4 2.1 1.3 0.9
4 67.8 1.1 0.6 0.3 0.2 0.1

3 2 96.5 0.7 0.4 0.2 0.1 0.08
3 89.0 0.4 0.2 0.1 0.05 0.04
4 78.5 <0.01 <(0.01 <0.01 <0.01 <0.01
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Number of Number of
trusts signalling (%) trusts signalling (%)
No adjustment for overdispersion (c=1)
3 87 (51.5)
4 76 (45.0)
3 71 (42.0)
4 62 (36.7)
Adjusted for overdispersion (¢ =19.7)
18 (10.7)
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. (a) CUSUM charts and (b) standardized reS|duaI all-cause mortality by
Fi 2 year for the six NHS trusts signalling on a K D2, hD3 chart at any time
g.

between 1995 and 2000, and (c) CUSUM charts and (d) standardized
residual all-cause mortality by year for the six NHS trusts signalling on

o .
a KD2, hD3 chart at any time between 1995 and 2000 (, year when the
ua .
o threshold was first crossed by each trust)
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