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Enitnpnon tng Anuootac Yyelac
ue Xpnon MebBodwv 2TaTloTkoU
EAEyxOUL AlepyaoLwy

Erutripnon tng Anpootag Yyeiag pe Xprion Mebodwv
ZtatiotikoU EAEyxou Alepyaciwv

. ‘EAeyxog Alepyactwv (Process Control)
. TiLopiloupe Slepyaoia;
. TLevvooUue Pe Tov 6po ENeyxog Slepyaaciag;
. Ataypappata EAéyyou (Control Charts)
. TL eival ta Slaypdupata eAéyxou;
. TLoKoTO €XEL N XPAON TOUG;
. Edappoyn Twv Alaypappdatwy EAéyxou otov EAeyxo MetafANTwY OXETIKWY LE

™ Opovtida Yyelog
. Enineda ebpappoyng
Napadelypota ebappoyng
. Edappoyn Twv Alaypappdtwy EAéyxou otov EAeyxo MeTtaANTWY OYXETIKWY HE
™ Anuoota Yyela
MNedila ebappoyng
Napadelypata ebappoyng
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‘EAeyxoc AtepyaoLwy

H évvola tng Alepyaoiag kat tou EAEyxou auTng

* EAeyxocg Slepyaciog ival pa Stadikacia avadpaong HECw TG omolag
* MetpoUpe to anotéAeopa tn¢ Slepyaoiag
* To GUYKPLVOUE HE KATIOLO TTPOTUTIO — podLaypadn
* Evepyoupe Baoel tng Stadopdg.



Ztatlotikog EAeyxog Alepyactwy

O OKOTIOG TOU OTATLOTIKOU gAéyxou Slepyaolwy eival va Slakpivel gykalpa pia
€KTOG eAéyxou Slepyaoia.

* M Obiepyacio mou Tmapouotalel povo T duolkn TNG TuYALA
petaPAntotnta (eivat og otabepr katdoTaon).

* EKTOC OTQTLOTIKOU EAEYYOL Alepyaoia:
. Mua Stepyacia otnv omoia epdavifovtal AANEG CUOTNUATIKEG - ELOIKEG
popdEg peTaBAnTéTNTAC.
* O OTATIOTIKOG €AeyX0G Slepyaolwy elval €va oUVOAO QMO OTATIOTIKEG TEXVIKEC
TIOU avamtuxBnkav apxlka yLa Tov EAEYXO0 TapaywyLKwy SLEpYoLWV.

— O pyéoog xpovog e§uTnpETNOnNg TwWv aoOsvwy oTd EMEiyovTd EVOg
voookopeiou gival ioog pe 25 Asmrd...

Awaypdappota EAEyxou

* To KUPLOTEPO E€PYOAElO TOU OTATIOTIKOU €A€yxou Olepyaclwyv elval To

*To W¢ 0TOXO €XEL va avayvwploel v Omapén eWBKWY
AOywv petaBAntotntag o€ pla pun otabepn dlepyaocia.
* Ta TIOU €X0UV avarmtuxBel uéxpL onuepa eivat:
* Shewhart type Control Charts
* CUmulative SUM type Control Charts (CUSUM)
* Exponential Weighted Moving Average type Control Charts (EWMA).

*Ta 7O oOuXvA YpnolpomoloUpeva  Slaypappota  eAéyxou elval Tt
Slaypdappata Tumou Shewhart.

* Jta Staypappota eAéyxou Tumou Shewhart amewoviloupe KatdAnAa pLo
napapetpo tng Slepyaoiac.



Awaypappata Tumou Shewhart

* Qewpwvtag OTL TO UTO TAPAKOAOUONGCN XAPAKTNPELOTIKO X
okoAouBel tnv ME HEON TN My KOL
Slwakbpavon o? TOte n péon A evog Selypatog n TIHWV TG
HETAPANTAG oTOo Xpovo t=1,2/.. Ba avikel pe TBavotnta 0.9973
oto dLdoTnua
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Awaypdppota Tumou Shewhart
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O éAheyxog yia TO €dv O OEYHATIKOS LCL = po =3 |7~
puéoog avrkel ato didoTnua autd eival CL = g
avTioToIXoG ME OIadOoXIKOUG €AEyXOUg o2
UTTOBéoEWV TNG HOPPIG UCL=po+3 |—



MNapddeypa ponc piag diepyaoiac eEuTmpeTnons ota Emelyovra....

H dloiknon Betel mpoblaypadeg eEunnpetnonc....
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‘EAeyX0¢ AlEpyaoLwV OXETIKWV UE TNV Yyeia

*To Olaypappa eAeyyoU WC OKOTO €XEL VO avayvwploel éykalpa Tnv
umapén eBIKwy Adywv PeTaBANTOTNTAG O pLla Un otabepr Slepyaoia.
*To Otaypappa héyyou dnhadn €xel éva kot povadlkd otdxo, TNV
gykatpn Stayvwon plog pun otabepng diepyaoiag, n omola mapouolalet

OUOTNUATIKA HeTaBAntotnTa (QUENTLKH TAON KTA).

*Ta  Oloypaupata  eAéyyou  €lval  OMOTEAEOUATIKOTEPA  OTOV
XPNOLUOTIOLOVUVTOL OE €Va YEVIKOTEPO TIAQLOLO €AEYXOU TNG TOLOTNTAG
TWV MapeEXOUeEVWY umnpeolwy (I1SO, 6-Sigma).

*Je avtiBeon pe TI¢ peTaBAnTéC mMou cuvavtwvtal otn Plopnxavia, ot
LEeTABANTEC MOU eAéyyovTal otnVv uyeila elval ouvABwg €ite TMOLOTIKEG,
€{Te MOOOTIKEG, OL oToleg 6ev akoAOUBOUV TNV KAVOVLKI KATAVOWU).
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‘EAeyx0g ALEpYQOLWV OXETIKWV E TNV Yyeia

* O xpovog
* SLEVEPYELAC EPYAOTNPLAKWY EEETACEWY

e amnd TNV taxuBloPia otnv TeAkn Bloyia EKOETIKA 1
* amo TN OTLYHUA TNG TNAEDWVIKAC KANONG €WC KAL TNV S /£ (WUETPIKN
KaTavoun
EMelyovta

napaiaBn amno acBevodopo kol TN petadopd ota
* TIAPALOVIC OTO VOOOKOWE(O UETA TNV EMEUPACN
* O aptbuoc
* TWV e0GaAPEVWY aywywy / Beparmelwy

* TWV HOAUVOEWY (ev6OVOCOKOUELAKWV) l
* TWV eMPOAUVOEWY oTI; MEG
. . , Poisson

* TwV Bavatwy oe JLa KAWVLIKY / VOOOKOUELWY J
* H kavomoinon twv aoBevwv e
* MNapduetpol latpikol pakélou AcBevoulg { Ald@opeg

e OIOKPITEG | 4N
[ KOVOVIKEG

i petaBAnTég
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Ztatlotikog EAeyxog Atepyaotwv NoonAeutikwy [6pupdtwv
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(January 2002 - December 2006)
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* Hospital-associated infections are a major concern in the medical community due to thepotential loss of life

and high costs. Monitoring the incidences of infections is an established part of quality maintenance
programs in hospitals. However, traditional methods of analysis are often inadequate since the incidences of
infections are infrequent. In order to address this issue, techniques such as the cumulative sum (CUSUM)
chart for counted data, the exponentially weighted moving average (EWMA) chart, and the g-type control
chart have been suggested. This paper demonstrates how these charts may be applied to infection control
surveillance data Children’s Hospital, compares their performance, and makes recommendations for a
control chart most suitable for monitoring hospital- associated infections.

ZTaTLoTIKOG EAeyxog Alepyaoiwv NoonAgutikwy I18pupdtwy
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latpikd AN

* TG HIMA e Baon otowela mou SnuootevBnkav o€ pehétn tou 2000 ot Bavatol
mou elval mBavov va oxetidovtal e Latplka Aabn umoloyilovtatl oe 44.000-
98.000 etnoiwg.

* JUYKEKPLLEVA oL BdvaTol
* Q7O UN QMALTOUEVEG EYXELPNOELS Tav 12.000
* amo evOOVOCOKOUELAKEG LOAUVOELG ATav 80.000
* ano eodaApévn aywyn fAtav 7.000.

* Jtnv AuotpaAio oe pla perétn 14.000 atplkwy PakéAwWV amokaAuPOnke OTL

niepimou 10 16,6 % TWV €L0AYWYWV GE VOOOKOUELQ odeldovtay oe TBavA LOTPLIKA
AGaon.

* OL Bavatol autol avadépovral SlebBvwg wg “preventable adverse events” kat
otnv EMada wg «latpikd AGBn».

* http://www.mednet.gr/app/webroot/happenings/iatrika-lathi-praktika.pdf
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Enineda Edappoyng otn ppovtida Yyeiag

* OL pebodoloyieg tou eAéyxou Slepyaclwy Kol €LOIKOTEPA TWV
Slaypappatwy eAéyxou elval duvatd va epappocbouv oe 3
eninmeda

* 1° eminedo: to eninedo Tou atopou
* 20 eminedo: o eninedo tou Opyaviopou Yyelog
* 3% gnimedo: To eminedo NG uyeiag TG Kowodtntag (eKtoc voookoelov)

Community Layer M

| 1

Health Organization PHC | SHC
Layer Providers Providers

I—;Il—!ﬁ

P Healthy Emergency Healty Chronic
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Enineda Epappoyng otn ppovrida Yyeiag

o GENERALHOSPITAL PROCESS
MONITORING
el UALITY OF SERVICES MONITORING
Organization e C
Layer e ETC

¢ CRONIC PATIENTS MONITORING

e  HEALTHY PEOPLE MONITORING

e  HOSPITALIZED PATIENTS
MONITORING

e EIC

*  MONITORING THE PREVALENCE OF
CHRONIC DISEASES
* MONITORING FOR OUTBREAKS
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1o Eninedo Edappoync: Eninedo tou Atépou / MAaiolo

* Ta Slaypapuata eAéyxou ouvbualovtal EMITUXWE HE TOV NAEKTPOVIKO
dakelo Tou aoBevr) MPOKEUEVOU vVa tapakoAouBouvTal Kal va EAéyxovtat
Kplowot atopikol Oelkteg autoUu péoa amd TANBwpa SLaYVWOTIKWY
€CETACEWV.

* JuvnBwg mopakoAouBouvial ATOUO TIOU EUTMIOUV OTLG OKOAOUBEG
ouAdEC:
* Maoyovteg anod Ynéptaon,
* MAoxovteg amo Zakyapwdn Awaprtn tumou I,
* MAOYXOVTEC Ao KAPSLAYYELOKA VOO LATA.

20
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1o Eninebo Edpappoyng: Eninedo tou Atoépou / MAaiolo

* AeiKTEG TTOU TtapakoAouBolvTal o€ atopiko emimedo, ivat:
* H aptnplakn mieon, To Papog, To cdkyapo, n LDH kat n HDL oe
UTIEPTAOLKOUG aoBevelc oAA kal oe aocBevel¢ pe kapdlayyelokad
vVOoonpata.

* Aladopol deikteg mou oxetilovtal pe TtV ekTipnon tou SaBntikov
aoBevn (HbAlc, BMI, kTA).

* Aebopéva amod TNV KApTa tou padntn (gpBoAiactiky kaAuyn, BMI,
XOANoTEPOAN, KTA).

* To 6dehog ™G edbappoyng eAEYXOU SLEPYACLWY GTOUC ATOULKOUC OElKTEG
a0Bevwyv, aAAd KOl UYLWV TIOAITWY TNG Kowotntag, €ival n éykalpn
aviyvevon mBavwyv kvdUVwWVY Kal N eVNUEPWAON TOU LATPOU TIOU EXEL TNV
gubuvn.

* EVOEIKTIKEG avadOpEG:
a. Henderson et al (2008). Use of statistical process control charts in stroke medicine to
determine if clinical evidence and changes in service delivery were associated with
improvements in the quality of care, Quality and Safety in Health Care;17:301-306.

b.  Hardoon et al (2006). Continuous monitoring of the performance of hip prostheses. The
Journal of Bone and Joint Surgery, 88-B(6), 716 — 720.
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1o Eninedo Edappoync: Eninedo tou Atopou / MAaiolo

Avdypappa eEréyyov @aong 11 36 Opua Exéyyov ®aong 11

UCL = u+3c
CL = u
LCL = u-3o0

36 Opra Eréyyov ®dong 1

Avdypoppa eEréyyov @daong |

UCL = )?+3@
dZ

CL = X

LCL = >?—3$
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14 14 r
Edappoyn: Ouyovo acbevoug Qpa nuépaln | Huépa2n
1 90,36078 86,27219
otnv MEO 2 87,0744 85,88259
3 89,03916 87,54861
4 88,20893 86,2059
5 88,30101 86,16197
Control Chart: resp 6 88,40544 86,71219
o 7 89,7939 84,76305
i Lo 8 90,09844 89,36186
9 88,43993 86,0486
o] 10 88,61756 87,79824
11 87,82154 87,12223
12 89,20836 86,92951
13 89,0209 88,15063
14 88,3258 87,86828
15 86,95731 87,16642
16 89,1311 86,47007
17 87,4571 86,31393
18 89,14529 86,6687
19 89,10857 85,58326
1 3 5 7 9111315171921 23 255?;’:: I::v::’ 3537 ;Q 41 43 45 47 20 88,32774 84,2903
21 89,35456 84,75099
22 88,48936 83,72402
23 88,78062 87,52656
24 89,31633 85,93324
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Edappoyn: NapakorouBnon Bepuokpaciog cwuaTog

Citizen 1 Citizen 2
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20 Eninedo Edappoyng: Eninedo tov Opyaviopou Yyeiag /
NAaiolo

* Ta Staypdupata eAéyxou edappodlovial 0To oUVOAo Twv OSlEpyaolwy Tou
0opyaviopoU UYelog Kal OTOXEVOUV OTOV EAEYXO TNG KAANG Asltoupylag kabe
ulog amo autéec.

* H mapakololBnon kat o €Aeyxog OAwvV Twv Slakpltwyv Slepyaclwy Tou
0opyavLoPoU Uyelag eyyuatal Tn CUVOALKA KAAR AelToupyla Tou.

* H mapakoAolBnon kal o EAeyxog ouvnBwe oToxeVEL

* OTNV TOLOTNTA KOl TNV 00PAAELD TWV TIOPEXOUEVWY UTINPECLWY KUPLWG
HEoQ amd KATAANAQ ETUAEYUEVOUC UYELOVOULKOUG SE(KTEG 00O Kal

* 0TN owoTn Slaxelplon Tou opyaVIGUOU KAl TWV TOPWY AUTOU WE XPNon
KATOANAQ ETUAEYUEVWV ] KATAOKEUAGHEVWY TTOCOTIKWY OEKTWV.

25

20 Eninedo Edpappoync: Eninedo tov Opyaviopou Yyeiac /
MAalolo

* EvOELKTIKA, peTagy aAwy mapakolouBouvtad:

* 0TO eminedo NG TMOLOTNTAC TWV TAPEXOUEVWY UTNPECLWY Kal O€
uyelovoukoUg Oelkteg: (i) ol xpovol efunnpétnong acBevwy, (ii) o
aplBuog mapanovwy acbevwy, (iii) o Babuog wavomoinong (iv) o
XPOVOG SLEVEPYELOG €pYAOTNPLAKWY EeTACEWY, (V) 0 aplBuog twyv
LATPIKWY oboApdtwy, (vi) mooootd emipoAUvoewy, (vii) xpovikn
neplodog voonAeiag, k.a.

* gto eninedo NG Slaxelplong Tou opyavIoUoU Kol TwV TIOPWV aUTOU:
(i) n katavahwon UVAkwv, (i) tTo amobepa mMpwtwv VAwy, (iii) n
KATAVAAWGN OUYKEKPLUEVWY OVOAWOIHWY 0wV, (iv) n katavalwon
dapuakwy, (v) ta amobéuata oe €idn kat Tpodua, (vi) To KOCTOG
Aettoupyiag KTA.

26
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20 Eninedo Edappoyng: Eninedo tov Opyaviopou Yyeiag /
NAaiolo

* To 6dehog tnNC edpappoyns HeBOSwWY eAEyxou OTO OUVOAO TwV SLEPYACLWY TOU
opyaviopou sivat:

* n €ykalpn avixveuon mBavwy KWOUVWY OTOUC XWPOUC TOU Opyaviopou uyelog
(EmoAUVOELS KTA),

* n éykalpn avixveuon g umoBAabULONG TWV MAPEXOUEVWY UTINPECLWY TIPOC TOUC
aoBevelg (avénon xpovwy SLeVEPYELAG EPYACTNPLOKWY EEETACEWY, AVENoN XPOVWY
avapovAg acBevwy KTA),

* n BeAtiwon NG Slolknong péow TNG SlapKoUC MaPakoAoUBNGNG OWKOVOLLKWY N
OXETIKWYV OTOLXELWV (KATAVAAWGON CUYKEKPLUEVWY aVOAWGCTHWY ELOWV, KTA).

* Steiner S et al. (1999) Monitoring Paired Binary Surgical Outcomes Using Cumulative Sum
Charts. Statistics in Medicine, 18.

* Steiner et al. (2000). Monitoring surgical performance using risk-adjusted cumulative sum
charts, Biostatistics, 1, 441-452.

* Flaatten H. (2005). Effects of a major structural change to the intensive care unit on the
quality and outcome after intensive care, Quality and Safety in Health Care, 14(4), 270 - 272.

* M. Goddard, et al. (2002). Clinical performance measurement: part 1--getting the best out of
it, Journal of the Royal Society of Medicine, 95 (10), 508 - 510.

* R.G. Carey and LV. Stake (2003). Improving Healthcare with Control Charts: Basic and
Advanced SPC Methods and Case Studies, American Society for Quality Publications.
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Edappoyn: Xpovol petafl Huépeg MeTath AotuwEewy
oupBavtwv 4
8
* Y& VOOOKOUElO TNG emapxiag kataypadnke 8
0 aplBUog TwWV nNUEPWY AVAUECA OE 1
kpolopata EVSOVOOOKOUELOKWY 19
AOLUWEEWV. 28
* Xpovol petafl  epdavicewv  omaviwy 23
evbexouévwy  Tpooeyyilovtat  amd Tty 36
eKDETIKA KaTAVOUR. 7
8
1 %EEZDDZJ‘;Q«%MQ 3
o 22
15
1
15
| 8
2 3
E 27

1 ,
O . 1 -

28
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, , , , Huépeg Metagy
Ebappoyn: Xpovol petaft cupupaviwv NoiEewy
1,47
, , 1,78
* Ebapudlovpe 1o petacxnupatiopd tou Nelson x=y~(1/3.6)
(mepvape amod pla ekBetikny y oe ua Weibull x n omola 1,78
Tipooeyy(eTal amo TNV KAVOVLIKN). 1,00
2,27
Kolmogorov-Smirnov? Shapiro-Wilk 2,52
Statistic df Sig. Statistic df Sig. 2,39
transf 123 20 ,200" 927 20 ,136 2’71
el ull paf with D<p<l =1, and =1 1,72
1,78
1,36
2,36
L 2,12
- 1,00
T e 1879 2,12
h 1,78
PR AT 1,36
NS 2,50
L e e 1,00
Figure 6-1: The effect of the Weibulng‘hea(Se parameter on the pdf. 1100 -
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Edapuoyn: Xpovol peta&t cupfaviwv

, , Control Chart: transf
M I"Iotpcxrr]pouus otLnN — transf

Stepyaoia sivat  hverge o1 5010
EVTOG EAEYXOU

- ~.LCL = 2044

T T T T T T T T T T T T T 1T
12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20

Sigma level 3
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Edapuoyn: AplBuog cupuBavtwy

To ¢ dLaypappa eAéyyou e 30 Opla eAéyyou Slvetal wg

36 Opw EAEyyov ®dong 11
UCL = c+3yc
CL
LCL = c-3Jc

c

36 Opw Eréyyov ®dong I

UCL = C+3JC
CL = C
LCL = C-3JC

Av 10 LCL eilval apvntiko, to B€toupe (oo e to 0.
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Edappoyn: AplOuog cupBavrwy

Kpolopato
AotpwEsww Tou 0 1 2 1 0 1 1 1 0 2 3 0 1 1 3
OVOUTIVE U OTLKOU

KpolUopota
AotpwEsww Tou 0 2 3 0 1 1 3 1 0 1 1 0 1 1 1
OUPOTIOLNTIKOU

Kpolopata
AoLpuwEsww Tou 2 2 1 0 2 1 0 1 2 2 1 0 1 1 1
Kukhodopikol

Kpolopata
AoLpuwEsww Tou 2 0 1 1 0 2 1 3 2 2 2 0 0 1 2
OV OUTIVE U OTLKOU

Kpolopato
AotpwEsww Tou 0 1 1 0 2 1 2 4 4 4 0 0 1 1 2
oupomoLTLKOU

KpolUopota
howpwEsww Tou 1 1 3 1 1 3 1 LS 4 4 2 1 1 3 2
kukhodopikol
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. Oswpwviag OTL TA KPOUOUATA AOMWEEWYV TOU QVATIVEUOTIKOU eival tuyala
petaPAnTA (éotw X;) n omola akolouBel TNV katavoun Poisson pe mapdpetpo A, ion
pe 1.0 (neAétn @aong ).

To kataAAnAo Slaypappa eAéyxou sival to c-chart.

C Chart of x1 , , .
art ofx OnWwc TPOKUTITEL AT

TO oXNUO O aplBuog
TWV KPOUCSUATWY OTNV
31 neplimtwon autr eivat
EVIOC eAE€yxou. Agv
TIAPATNPOUUE KATIOLO
Slaitepo potifo oto
Slaypappa eAéyyouc.

4 ucL=4

Sample Count
N

-

(ell
I

—-

04 LCL=0
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B. Oswpwvtag autn TN dopd OTL Bplokouaote o€ peAETN DAong | kat OTL Ta KpouopaTa
Aowwéewv tou Ouporotntikoy eival Tuxata petapAnth (éotw X,) n omoio akoAouBet
TNV katavoun Poisson pe KAmoLo @yvwotn MapapueTpoA,,

To kataAAnAo Staypaupa eAéyxou elvat To c-chart.

C Chart of x2
54
UCL=4.721
44
£
8 A,=1.3
] A /
-]
@ /
C=1.
1] ¥
oA LCL=0
1 4 7 10 13 16 19 22 25 28
Sample

34
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‘OnwG TPOKUTITEL 0 APLOUOC TWV KPOUOUATWY Kol oTnV Mepimtwon auth elvat evtog
€ANEYXOU €AV BEWPNAOOULE TOV ATTAO KAVOVA TOU EVOG ONUEOL EKTOC TWV 0plwv EAEYXOU.

2e avtiBetn mepimtwon Bewpwvtag kal Evav oUVOETO kavova Onwg «9 onuela KATw TG
KEVTPLKNG YPAUUAGC» LMOPOUE VO CUUITEPAVOULLE OTL N Slepyacia elval EKTOG EAEyXOU.

35

C Chart of x2

Sample Count
N

UCL=4.721

LCL=0

Y. OEwpWvTag OTL T KPOUOUOTA AOLUWEEWY TOU KUKAodOpLKoU elval Tuyaia petaBAntn
(€otw X;) n omola akoAouBel TNV katavoun Poisson e mapdpeTpo A, ion pe 1.2 (ueAétn

®aonc 1),

To katdAAnAo Slaypappa eAéyxou elval to c-chart.

‘Onwg MPOKUTITEL 0 aptOpdg
TWV  KPOUOMATWV  &lval

EVTOC €AEyXOU,
aglomouwvTag Tov  Kavova
Tou KAVeL xpnon

OTIOKAELOTIKA  Twv  oplwv
eléyxou. Me i  To
T(POCEKTIKN pata
TIAPATNPOUHE OTL UETA TNV
18" mapatnpnon €XOoUuE
VEVIKA HEYAAUTEPEG TLUEG,

SnAadn, mapoucLaleTat
Karola €¢apon
KPOUOUATWV.
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Sample Count

C Chart of x3

13 16 19 22

UCL=4.486

ol

=1.2

LCL=0
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6. OewpwvTog OTL T KPOUOHATO AOLUWEEWY TOU AVATIVEUOTIKOU (X;), TA KPOUOUATA AOLUWEEWY
TOU oupomoLnTkoU (X;) Kat To kpouopota AotHwEEWY Tou KukAodoptkoU (X3) eivat avesdptnteg
Tuxaieg peTaBANTEG oL onoleg akoAouBolv tnv Katavopr Poisson pe mapdapetpo 4,=1.0, A,=1.5,
KatA;=1.2, avtiotoa

ABpoiloupe ta bedopéva amd ta 3 Sladopetikd €6n Aowwéewv. Ymobétoviag tnv
avetoptnola, KAtaAnyouue o€ pa LETAPANTH TOU akoAouBel tnv Poisson e MapAUETPO TO

aBpolopa Twv TapaUETPWY. ETtiAéyoupe c-chart kat Stevepyolue avaiuon @aong Il / avéuon
pe 6edopEVo TPAOTUTIO, KOL TO OMOTEAECHA ElvaL TO AKOAOUBO SLAYpAUUA EAEYXOU

C Chart of sum

'ONnwg MPOKUTTEL £€eTAOVTAG 124
TOV OUVOAKO aplOud  twv L
. . d 1
10+ h—’
Kpououdtwy . €€apon UCLeo47

epudavitetal v meplodo
avapeoa otnv 23 kat tnv 25
Xpovikr meptodo.

Sample Count

1A A
HA AN

N
h

e
%
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Edappoyn: AplOuog cupBavrwy
”ﬁ _______ S ﬁ\ ______ "1 \ ____lkfif-t
AT N / [‘ iy
N I/W WAL
R / \UM V! / \ | /
(a) Hospital A {b) Hospital B

Figure 5. p-charts for the monitoring of the rate of patients experiencing a hospital infection into
two hospitals.
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30 Eninedo Edappoync: Eninedo tng kowotntog / MAaiolo

* Ta Slaypappata eAéyxou ebapuolovtal pe MOAAATAOUC TPOTIOUG OTOV TOUEQ
™G mapakoAouBnong TNG uyelag TNG KOwotnTag (YEVIKA HLAG OTEVAG
VEWYPAPLKNG TIEPLOXNG).

* Me tnv kotaypadn Twv TEPLOTATIKWY TIOU eudavilovtal otnv kowotnta
edbapuoleTal CUVEXNG KAl ASLAAETTTOC EAEYXOC TNG oUXVOTNTAG EUPAVIONG
CUYKEKPLUEVWY TIEPLOTATIKWV.

* YOBETOUPE OTL UTIO KOVOVIKEG CUVONAKEG O aplBUOG Twv Kabnuepwwy
(unviaiwyv KTA) ocuppaviwv oe Wl Teploxn  elval  aveEdptnTog TNG
T(PONYOUUEVNG.

* MapakoAouBolvTtal CUVEXWG SEIKTEG OTIWG

* Huepnolog aplbudg KpououdTwy ypimng kat AMwvV Aolpwdwy voowv (AIDS
KTA)

* Mnviaiog aplBpdg VEwV KPOUCHATWY pn Aowdwyv voowv (Kapkivog tou
TPaxnAou TNG UNTPAC, TOU HaoTol, AeuXaluieg KTA),

* Mnviaiog aplBuog véwv Slayvwaoewv Alzheimer, kTA.
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30 Eninebo Edpappoync: Eninedo tng kowvotntog / MAaiolo

* O otdxoc ™G e€dOpUOYAC TWV TOPATAVW HEBOSWY 0 TEPLOTATIKA
OUYKEKpLUEVWY aoBevelwv elval n é€ykalpn avixvevon tng avénong Tou
ETUMOAQOHOU N HETASOOUEVWY (XPOVIWY) voonuaTwy, e€apoewy ypinng n
n éykalpn aviyveuon mapayovtwyv Kwduvou, aAAd Kat n amotiunon tng
QTOTEAECUATIKOTNTAC TWV TIPOYPAUUATWY TtapéuBacng.

* Heffernan et al. (2004). Syndomic surveillance in public health practice, New York City. Emerging
Infectious Diseases; 10(5), 858—864.

* Carey and Stake (2003). Improving Healthcare with Control Charts: Basic and Advanced SPC Methods
and Case Studies, American Society for Quality Publications.

* Sonesson and Bock (2003). A review and discussion of prospective statistical surveillance in public
health. Journal of the Royal Statistical Society A; 166(1), 5-21. 40
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30 Eninedo Edappoync: Eninedo tng kowotntog / MAaiolo

To p OSlaypappo eréyxou pe 30
opLa eAéyyou Silvetal wg

MNapakolouBou e oV
ETUWTOAQOMO JLaG vooou,
TIOCO0TA QVETILTUX WV

EVXELPNOEWV KTA
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36 Opw EAéyyov ®aong 11

UCL = p+3|PU=P)

CL = p

LCL

I
o
|
w

UCL = P+3 PA-P)
n

CL = P

LCL = P+3 PA-P)

Edapuoyn: Mocootd rota virus 6to cUVOAO Twv matdlwyv mou

egetaotnkayv ava pnva

P Chart of C2

0,30 4

-

0,20 4

0,15 1

Proportion

0,051

UCL=0,2693

P=0,1595

LCL=0,0497

9 11 13 15 17 19
Sample
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30 Eninedo Epappoync: Eninedo tng kowotntog / Mhaiolo
Risk Adjustment

* MoAAEG PopEG oTNV MPAEN avaKkUTITEL N avAyKn va urtoAoylooupe tnv mbavotnta
€vOg ouppavtog (. o Bdavatog evog acBevolg peTa amd kamolo SUokoAo
XELPOUPYELD, N 0 eMUMOAACHOC pLag acBévelag oe pla meptoy / nAwkiakr opada /
opada yevika) Aappavovtag urogn Uo oelpd ano napdyovteg kKvduvou:

* Mo mapadelypa oe Xelpoupyeia KapdSLlakwy voowv:

* H nAkia, To dUAO, n uméptaon, o Safrtng, n KotAoTaon TWV VEbPWY, N
KQTAOTOON TWV aptnplwy, n napoucia evdokapditidag, n kpeativn, KTA

* Ta Slaypdppota eAEyXOU TPOCOPUOCHEVA WC Tpog Tov kivduvo (risk adjusted
control charts) Aappavouv unddn g Stadopeg cuvbnkeg uyelag Twv acBevwy.

* Tétolou €ldoug Slaypdupata YpNoLUOTooUVTIAL Yo Thv  TmapokoAouBnon
OPLOUEVWY LATPLKWY SLadLKaoLWY, OTWE XELPOUPYLKES eMeUPAOELS, BvnoludTnTa
KO EUTIELPLOL TWV YLATPWV.
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Edapuoyn: Mocootd rota virus 6to cUVOAO Twv matdlwyv mou
egetaotnkayv ava pnva

CUSUM Chart

40
I

cusum

Figure 6. A CUSUM control chart for monitoring the number of citizens appearing symptoms of high
body temperature.

1
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Edappoyn: RA CCHBALC

2 ]
§_ L - -
% EQ —— T — -
2 2 8
Period
Fig.2 The RA CC for monitoring the HbA1C level
45
45
Edapuoyn: RA CC fall rate
2 3
o
- Upper Control Limit (LICL)
& Center Line (C!
= 1 R Lower Control Limit (LCL)
2 4 5 8

Period

Fig.3 The RA CC for monitoring the fall rate
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Edapuoyn: TW RA CC performance

25 / // { /’/I'f‘

0.0 / J—

e R e B U U L
w
2 -
2 s e “a
- VAl / A /
Y s/t /'
50 | /
s
¢, /
L
4
|
-15
0 200 400 600 800
Patient number
Fig.4 The RA CC for monitoring a surgeon’s performance
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Table 5 Applications of RA control charts
Method Reference Application
RA p chart, RA-CUSUM Cook etal. [22] Monitoring intensive care unit

RA sequential probability
ratio test

E — O chart, RA p chart
Shewhart X and s charts

RA-CUSUM
RA p chart

RA sequential probability
ratio est

RA sequential control charts

CUSUM, CRAM, VLAD and
cumulative excess mortality
charts

RA model
RA-CUSUM

RA control chans
RA Xm R chart
RA-CUSUM

RA-EWMA
Simple control charts

Shewharl-type control charls
RA-CUSUM

RA X control chart

VLAD control chart
RA-CUSUM

P —
.80 1010731541 D95

RA-CUSUM

Spiegelhalter et al. [77]
Cockings et al. [21]
Hart et al. [38]

Novick etal. [61]
Marshall and Mohammed [52]
Matheny et al. [54]

Baghurst et al. [12]

Coory etal. [24]

Sousa el al. [75]
Chen et al. [19]
Modris et al. [58]
Fry el al. [26]

Chiu et al. [20]

Moran et al. [57]
Norton et al. [60]

Maruthappu et al. [53]
Kim et al. [45]

Sasikumar and Devi [68]

Patella et al. [64]
Tomassini et al. [85]

Schrem et al. [69]

outcomes
Monitoring adverse outcomes.

Monitoring intensive care unit
outcomes

Comparison of several healthcare
organizations

Analysis of surgery outcomes
Monitoring mortality rates
Monitoring mortality rates

Monitoring pediatric intensive care
performance

Monitoring the guality of hospital
care

Monitoring adverse cardiac and
cerebrovascular events

Monitoring out-of-hospital cardiac
arrest patient mortality

Monitoring postoperative mortality

Measuring the quality in surgical care

Monitoring the medical information
in shoulder surgery study

Moniloring mortality

Monitoring risk-adjusted quality
indicators

Moniloring surgical procedures

Analysis of the leaming curve for
single-incision laparoscopic
anterior resection for sigmoid
colon cancer

Monitoring HemoglobinA 1C level of
Type 2 diabetic patients

Prediction of morbidity

Evaluation of single-surgeon learning
curve

Monitoring clinical practice
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Risk-Adjusted Control Charts yia petafAntec

g
£ oz
g 2
]
a1
008
L] S
2 4 s ] ? ]
Time Period
® Observed Mortality —— Population Mortallty ~ - — 80% UCL -+ 60% LCL
Figure 1. Unadjusted montality rate control chart

Mortality

Figure 2. Risk-adjusted mortality rate control charl

2TATLOTIKEC OCUVAPTNOELC
oapwonc
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ZTATIZTIKEZ 2YNAPTHZEIZ ZAPQZHZ

51

* OL OTATIOTIKEG OUVAPTAOELG OAPWONG EAETNONKAV LE AETITOUEPELQ VLA
mpwtn dopd amod tov Naus to 1965.

* MLoL GNUOVTLKN TIPOKANGN YA TG OTATLOTIKEC OUVAPTNOELS 0dpwong elvat
va. PBpebolv  avaAUTIKA amoTteAéopoTa ylo TG TuBavotnteg  va
napatnenBel pa  ocuotada ouykekpluévou peyeBoug (Glaz  and
Balakrishnan 1999; Glaz et al., 2001).

e Tal XQpAKTNPLOTIKA TWV APXIKWY EPYACLWV OXETIKA UE TIG CUVOPTHOELG
capwongntav dvo.

* To MpwWTO NTav OTL Ekavav Xpron evog otabepou peyéBoug mapabupou
odpwaonc.

* To 8eUTepo NTAV OTL XpnoLuomolovoay SeS0UEVA KATALETPNOEWY (count
data), émou umo TNV Undevikn UTGBecn, O TAPATNPNUEVOS apLBUOG
TIEPUTTWOEWV OKOAOUBE( TNV OLOLOUOPDN KATAVOLN.

* TNV mapakoAouBnon Twv acbevelwy, OpwC Sev LOXVEL KaVEVA Ao AUTA
TOL XAPAKTNPLOTIKA, adoU Sev ywvwplloUUE €K TWV TIPOTEPWY TO HEYEBOC
™N¢ ouotadag Kal MUMAEOV 0 MANBUGOUOC 0g Kivduvo elval yewypadlkad
OVOLLOLOYEVNAG.

2TATIZTIKEZ ZYNAPTHZEIZ ZAPQZHZ

52

*’‘Otav oxvel n undevikn umoBeon NG LOOTNTAC Tou KvdUvou ekdnAwong
™M¢ o0oBévelag TEPLUEVOUHUE VA TIAPATNPNOOUUE  TIEPLOCOTEPEC
TEPUTTWOEL, 00Bsvwy 0 pla TOAN o€ oUyKPLON HE Ula TtapOpoLlou
peyéboug meploxry otnv UMalBpo, akplBwg Aoyw NG uPnAdTeEPNC
TIUKVOTNTAG TOU TTANBUCHOU oTNV TIOAN.

* Ol OTOTLOTIKEG CUVOPTAOELS 0dpwong (scan statistics) xpnolpomotlovvral
yla tnv avixyveuon kat tnv afloAdynon cuotddwv amo MEPUTTWOELS elte o0&
OLLLYWG XPOVLKO, QULYWE XWPLKO 1 XWPO-XPOVLKO TAaloLo.

* AUTO yivetal pe Tn otadlakr cdpwon evog mapabupou oto Xpovo 1 / Kal
TO XWPO, ONUELWVOVTAC TOV aplBUo TwV TOPATNPENUEVWY KAl TWV
QVOUEVOUEVWY TIEPUMTWOEWY Héoa oTo mapabupo oe kaBe TonoBeoia.

* Ol OTOTIOTIKEG OUVOPTNCEL OAPWONG XPNOLUOTIOWUY  SLadOpETIKO
povtélo mbavotntag avaloya pe Tn duon Twy SeSoUEVwy.

* YTV neplmtwon mou pag eviladepouv kataypadeg, Omwe o aplBuog Twy
QTOUWYV TIOU TACYXOUV amo doBua, cuvnBwc xpnoLUoTolelTtal éva PoVvTEAD
nou Baoiletal otnv Katavoun Poisson.
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ALOLOOTOTEC CUVAPTNOELC
oapwonc

53

AIAIAZTATEZ ZYNAPTHZEIZ ZAPQ3HZ

* YnoBgtoupe otL Slepeuvolpe o yewypadky mepoxi R = [0,L,] x [0,L,] yta tnv
€UPAVION OUYKEKPLUEVWY YEYOVOTWY (HE Ly, L,>0)..

20°00°€ 2°00°€ 24°00°E 26°00°E
\\
£\
N
40°00'N -40°00"N
380N AL o 38'00N
Vs
3600N 36°00"N
22°00°E 2400 26°00°E
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AIAIAZTATEZ ZYNAPTHZEIZ ZAPQ2HZ

Ly/n, (He ny Kat n, BeTIKOUG akEpatoug aplBpoug).

=L,/n; kaLh,=

Exoupe h,

i

* Hruxala petaBAnt Y, yua 1<i<n, kau 1<j<n,, avamaplotd tov apldpo Twy umo HeRETn

yeyovotwy, Ta onola epdaviotnkav otnv uno-neptoxr [(i-1)hy,i hyl x [(-1)h,,j h,].
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AIAIAZTATEZ ZYNAPTHZEIZ ZAPQ2H2

57

* YnoBetovtag ot ta Y, ywa 1<i<n; kat 1<j<n,, eivatl aveédptnteg Kat LoOVOPEG TUXaiEg

peTaBANTEG, oL omoteg akohouBolv tnv Poisson katavopn pe MapapeTpo Ay, ot Chen
and Glaz (1996) mpdtewvav evav €Aeyxo tng Lopdng

* Hy: Tuxaia Slaomopd twv unod PLeAétn Meyovotwy 0To Xwpo
* H,:'Ynopén cuoctddwyv oto xwpo
0 ontolog otnplleTal 0TNV KATAVOUH TNG OTATLOTIKAG

S, =max{S(i,i,);1<i<n-m+L1<i, <n,-m,+1}

HE ip+m,—Li+m -1
S(i1viz)= Z z Yi,j
j=iy i=i;

AIAIAZTATEZ ZYNAPTHZEIZ ZAPQ2H2

58

* O éAeyxog unopel va ypadtel we e€nc
* Hy: A=A, o€ OAEG TLG UTIOTIEPLOXES
* H;: A=A, o€ pLa TouAdyLotov umo mepLoxn
* YNO TNV eVAAAQKTIKY UTIOBECN OUGCLAOTIKA UTTOBETOUE OTL UTIAPXEL LA UTIO-TIEPLOXN,
peyeBoug [(i;-1)hy, (i; +m-1) hy] x [(i,-1)h,, (i, +m,1) h,], otnv omola ot tuxaieg
petaBAnteg Y, v 1<i<n; kou 1<j<n,, akolouBolv tnv Poisson katavoprn pe
TAPALETPO A, HE A;>A,
* H katavopr tng tuxatog HeTaPANTAG S, EXEL LEAETNOEL LOVO POCEYYLOTIKA EVW EXOUV
5006¢el kat mMAnBwpa dpayudtwy.
* JTIG POOEYYLOEL QUTEG TO TAEYHA N;XN, HEAETATOL oTnv €8Ik Tepimtwan ny=n,=n

KATL TO ortolo otnVv mpaén onavia LoYUEL
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AIAIAZTATEZ ZYNAPTHZEIZ ZAPQ2HZ

Table 1. The distribution of Sy;.
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LOCAL INDICATORS of SPATIAL ASSOCIATION (LISA)

P2 0 ¥ oy
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{
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Global Moran's |

I
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Local Moran's /
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€r, — & —
I;_;; = Zwt-j(wj — a‘:)

TTn =

Z?r1 (z: — 5)2

m2 = N

Anselin, 1995 o

LOCAL INDICATORS of SPATIAL ASSOCIATION (LISA)
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LOCAL INDICATORS of SPATIAL ASSOCIATION (LISA) &

SPATIAL SCAN STATISTIC
Application
GIS of LISA ,
Implementation| — | Significance Detailed patterns
. Maps and +
' Cluster maps .
' ) Combining
Transfermations and Co
! Validating
P — Results
Application of T
- tial
Data Collection | _, | “Fapiiogo _
Spatial Data, Atributes Randomness General Clustering
Rejection / large
clusters
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KULLDORF SCAN STATISTIC

E{6n otatiotikwy cuvaptioswv cdpwong tou Kulldorf
» XWPLKEC OTATLOTIKEG OUVAPTHOELG OAPWONG
» XWPO-YPOVIKEC OTATIOTIKEG CUVOPTAOELC CAPWONC

» XPOVIKEC OTOTLOTIKEC CUVAPTHOELS OAPWONG

64
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XQPIKEZ ZTATIZTIKEZ ZYNAPTHZEIZ ZAPQ2H2 TOY KULLDORF

* H TUTIKA XWPLKN OTOTLOTIKN ouvaptnon odpwong (spatial scan statistic) tou Kulldorf
Snuoupyel €va KUKALKO TtapdBupo oTo XapTn.

* To mapABupo e TN OELPA TOU ETIKEVIPWVETAL 0€ KABe éva amo ta moANd mibava onueia
TIAEYLLOTOC TTIOU UTTAPXOUV O€ OAN TNV UTIO LEAETN TIEPLOXN.

* [la kGBe onuelo Tou TAEYUATOC, N OKTiva Tou Tapabupou Slapkwe PeTaBAAAeTal o€
péyeBog amod to Undév o€ KATIOL0 avwTato Oplo mou kabopiletal anod Tov xprotn.

* ME ToV TPOTO QUTO, TO KUKALKO TapdBupo elval eUEALIKTO TOOO WG TPog Th B€on Tou, 600
KaL Ttpog To PéyeBog Tou.

* JUVOAIKA, n uUEBOSOG auth Onuloupyel évav  «AmEpo»  aplOpd  SladopeTIKwY
YVEWYPADIKWY KUKAWV HE SLadOPETIKEC OUASES TWV YELTOVIKWY TIEPLOXWV OTO ECWTEPLKO
Toug. KaBe kUkAog eival pa mbavr urtoPnola cuotada.

* [a Vv epappoyn tng avaAuong o Kulldorf Snuiovpynoe to Aoylopikd SatScan.

* O XpAoTNG UE TO AOYLOULKO SatScan opilel To OUVOAO TwWV ONUelwv TAEYUATOG TIOU
XPNOLUOTOLOUVTAL OE €V ApXELO TIAEYUATOG.

* Eav Sev €xel oploTel apxelo MAEYUOTOC, T oNUEla Tou MAEYUOTOG opilovTal va eival (Sla
LLE TLG CUVTETAYHEVEG TWV TOTIOBECLWY TIOU 0pL{oVTaL OTO OPXELO CUVTETAYUEVWV.

* H televtala emloyn Staodalilel ot kaBe tomoBeoia Sedopévwy elval pla mbavn
ouotada amo Povn TNG KAl (VAL N CUVICTWUEVN ETILAOYN YLA TOUG TTEPLOCOTEPOUC TUTIOUG
QaVaAUCEWV.
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XQPIKEZ ZTATIZTIKEZ ZYNAPTHZEIZ ZAPQ2H2 TOY KULLDORF
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Primary Cluster

\\ H Tumik XWPKNA OTOTOTK cuvdptnon

\ odpwong (spatial scan statistic)
\\ Snuloupyel éva KUKAIKO TapdBupo oTo
‘ Xaptn.
\ EvoOAAQKTIKG pmopw  va  KAvw  xpron
N —a— gleucscg?:ry EAMEUTTTIKA G OUVAPTNONG 0APWONG.

0 10 20 40
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XQPIKEZ ZTATIZTIKEZ 2YNAPTHZEIZ 2APQZHZ TOY KULLDORF

* O Kulldorff (1997) oploe Tn OTATIOTIKN O0Apwong (scan statistic) wg to
maximum likelihood ratio emdvw og 6Aoug toug mBavoul g KUkAoug Z

S :M:max{L(z)}
L, =L

* E€€Ta0e apyLka To poviélo Bernoulli kal To povtélo Poisson

67

XQPIKEZ ZTATIZTIKEZ ZYNAPTHZEIZ ZAPQ2H2 TOY KULLDORF

* o To SLaKkpltd povtélo Poisson, o aplBuUoC TwV TEPUTTWOEWY O KABE
tornoBeaia akohouBel tnv katavoun Poisson.

* YO TNV UNdevIK umoBeon, Kal otav vV UTAPYOUV CULUETABANTEG, O
OQVAEVOUEVOC aplOOC TwV TEPUTTWOEWYV o€ KABs meploxn elval
avahloyn Ue to MEyeBog Tou TMANBuouoU TNG N Ta AvBPWMo-£€Tn OTNV
Tieploxn auTh.

* Ta Sedopéva mou meplypadovtal amd to Slakpltdo povtého Poisson
UmopoUV val avaAuBoUyv €iTe UE TNV XPOVLKN, E(TE YE TNV XWPLKA (TE TNV
XWPO-YPOVLKI OTATLOTIKA ouUVAPTNON CAPWONG.
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XQPIKEZ ZTATIZTIKEZ 2YNAPTHZEIZ 2APQZHZ TOY KULLDORF

* [la kABe Béon kal péyebog Tou Topabupou capwaonG N EVAAAAKTLKA
unoBeon elval OTL uTapXeL auénueévog kivbuvog péoa oto mapdbupo oe
OX€0N LE QUTO TIOU cupPBaivel ekTOg Tou apabupou.

* JUudwva pe TNV umoBeon Poisson, n ouvaptnon mBavopAveLaS yla Eva
OUYKEKPLUEVO TIapaBupo elval avaAoyn e TNV MOcOTNTA

MO () () 10

*omou N elval 0 OUVOAKOG QplOUOG TwV TEPUTTWOEWY, Ny Eelvat o
TIAPATNPNUEVOG APLOLOG TWV TIEPUTTWOEWY HECA OTO TAPABUPO Kol
E(ny ) elval o avauevouevog oplBuog TEPUTTWOEWY EVIOC TOU
napaBupou umod TNV undevikr unmdbeon.
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XQPIKEZ XTATIZTIKEZ ZYNAPTHZEIZ ZAPQ3HZ TOY KULLDORF

* Epdoov n availuon e€aptatal amd TOV OUVOAKO aplbpd Twv
MEPUTTWOEWY TIou TapatnprBnke, n moocotta N — E(nyz) elvat o
QVOUEVOUEVOC APLBOG TWV TIEPUTTWOEWY EKTOG TOU Ttapabupou.

* HI(-) elvat pla Seiktpla cuvaptnon.

*’‘Otav BEAoUE VA CAPWOOUUE UOVO cUOTAdEG pe uPnAoulg pubuolg, n
I(-) wouTal pe 1 otav o mMapabupo €XEL TIEPLOCOTEPEC TIEPUTTWOELG ATIO
OTL avapevotav umo tnv undeviky umobeon kat 0 oe SlapopeTikn
neplmtwon.

* To avtiBeto cupPaivel étav BEAOLE VA OCAPWOOULE UOVO CUOTASEG UE
XoUNAoUG puBuoUg.

* EQv B€AoupE va 0aPWOOUPE yla cUOTAOEC eite pe udPnAolg, eite pe
XounAoug puBuoug, Tote N I(+) oovtal pe 1 ylo 0Aa ta mapabupa.

* To LOVTEAO XWPO-XPOVIKNG LETABEDNC XpNOLUOTIOLEL TNV (Bl cuvapTnon
mBavodavelag e To LovTEAo Poisson.

%)z (E?nzn)nz (NYEZ»LZZ))N_YIZ I¢)
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XQPIKEZ 2TATIZTIKEZ ZYNAPTHZEIZ ZAPQ2H2 TOY KULLDORF

Centering Number of included Cases
ID coordinates Radius neighbours Population Observed Expected Ratio Relative risk  Log-likelihood ratio  p-value
1 341818,4160740  14839.41 27 Subareas 8818 11 2.26 4.873 5.500 9.196856 0.01688
2 414225,4052370 1054158 13 Subareas 5856 9 1.50 6.004 6.647 9.006251 0.02036
3 361529, 4152820 0.00 1 Subarca 365 3 0.09 32.110 33.338 7.555090 0.07569

Primary Cluster

Secondary
#3-—__ Clusters

0 10 20 40 71
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XPONIKEZ ZTATIZTIKEZ ZYNAPTHZEIZ ZAPQIH2

* H OTATLOTIKA OUVAPTNON XPOVIKAG odpwaong (temporal scan statistic)
xpnoluomnolet éva mapdBbupo Tou Kiveltal og pla Slaotaon — Tov Xpovo —
Kal oplletal pe Tov 8lo TpoOMoO OMwG to UYPog Ttou KUAivdpou Tou
XPNOLUOTIOLE(TAL OTTO TN OTATLOTLKY) CUVAPTNON XWPO-XPOVLKNC CAPWONC.

* AUTO onuaivel otL elval eVEAKTN TOOO TNV NUeEpounvia évapéng, 6co
kat ARénG.

* H péylotn xpovikn dtdpkela opiletal and tov xpRotn.

I Li ’ ;b ( .‘ 114
&u !Nﬁuﬁ M ol L 20

(b) cylindrical versus mlink space-time recurrence intervals

= = cylinder

— mlink space-time

R
Zie—-

Ri= 100

TEasy

recurrence interval (R,
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XQPO-XPONIKEZ ZTATIZTIKEZ ZYNAPTHZEIZ ZAPQZH2

* H OTATIOTIKA OUVAPTNON XWPO-XPOVLKAG oapwang (space- 4
time scan statistic) opietat amo €va KUAWSOPLKO
mapabupo He UL KUKALKY () €AAEUTTIKA) YeEwypadikn
Baon kat pe VP OG OV AVTLOTOLXEL OTO XPOVO.

* H Bdon opiletal akplBwg OMWE N OTATIOTIKA ouVAPTNON
WPLKAG 0ApWoNG, eVw To VYOG AVTAVAKAA TO XPOVIKO
LAoTNUA TwV TIBAVWY CUCTAdWV.

* To KUALVEPLKO MapAaBupo 0T CUVEXELA UETAKLVE(TAL OTOV
XWPO Kal TOV XPOvo €TI0l WoTe, yla kdBe mbavn
vewypadikr Béon kal péyebog, va eMIOKEMTETAL KOl KABE
rubavr) xpovikn nepiodo.

* 2TV TPAYPOTIKOTNTA, TA{pvOUUE €vav Amelpo aplbuo

Time

ETUKAAUTITOPEVWY KUAVEpwV SLadopeTikol peyEBoug Kal
OXNUATOG, TTOU armo kool KaAUTTouv 0AGKANPN TNV LTO
UEAETN TIEPLOXN.

* KaBe kUAWVEpOg avtavakAd pla mbavh cuotada.

* H OTATLOTIKA OUVAPTNON XWPO-XPOVIKNG 0APWONG UMOPEL
va xpnoldomonBel eite yw pa povo avadpoulkn
getrospective)( avdluon, e TN XPNON  LOTOPLKWY
eSopevwy, €lTe ylo UL XPOVO-TIEPLOBIKN TIPOOTITIKA
(prospective) emutripnon, otnv  omoia, n avdiuon
enavalaupavetal yia mapadetypa kabe uépa, efdouada,
prva r €1oc.
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Edapuoyeg

SaTScan”

Software for the spatial, temporal, and space-time scan statistics
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@

The spatial clustering of dengue disease and risk susceptibility
mapping: an approach towards sustainable health management

in Kharagpur city, India

Subrata Ghosh'( - Santanu Dinda'(»* Nilanjana Das Chatterjee' ¢+

Kousik Das'(* Riya Mahata'
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Abstract Dengue fever becomes one of the serious vector-
bome discases in the world, particularly in tropical coun-
tries. Mosquitoes bomne discase transmission are mainly
transpired by physical. environmental and socio-cconomic
variables. Therefore, discase mapping is essential for

and t of dengue
Accordingly, the aims of this rescarch are to find out the
dengue outbreak, spatial pattern, understand the factors and
construct a risk map 1o accurately predict and control of
dengue. For this purpose. the Kharagpur city of West
Bengal has been selected which is frequently encountered

lected from the district health department. The spatial scan
statistics of the Poisson model and Local Moran's 1 is used

for the mapping of spatial pattems and concentration of
dengue and Monte Carlo hypothesis testing was applied to
e ey eTeTore,

logistic regression analysis has been applied with selected
parameters (o produce a risk map for the entire study area.
Finally, this study has proposed suitable site-specific
management strategies. However, this study provides an
example of disease risk estimation which will be remark-
able for spatial analysis of epidemiological research as well
as health planning and discase surveillance.

Keywords Dengue discase - Poisson model - SaTScan™
Spatial clustering - Dengue risk mapping - Kharagpur city

1 Introduction

Dengue fever is one of the major vectors borne viral dis-
case in the world, especially tropical and subtropical region
[1. 2]. It is a most significant public health issue in globally
and approximately, about one-third of the population of the

87°150°E 87°1730°E 87°200"E 87°22'30°E
i 1 i i
N
z
& &
Legend
LISA Clster Map: Moran's 1
[ Sotsimifkncecn)
R
LowLow()
Lowtidh ()
[y
Kulldroff's spatial scan
g Kn % | 2
£ o03Tmes 13198 o et Lowessesofdongme =
T T T
87°150"E ST°ITI0E 87°2000"E

Fig. 8 SaTScan generated circled overlayed on Moran’s I cluster map to show the spatial concentration and related risk using Poisson model for

entire study area
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Table 2 SaTScan generated circles showing relative risk, log-likelihood ratio and their significance level

Cluster ID Radius of cluster (in km) ‘Ward number Relative risk Log-likelihood ratio (LLR) p-value

1 1.68 10, 11, 12, 13, 14 339 36.05 0.000

2 1.86 3,21,22,23, 24, 25,26, 28 1.14 34.56 0.000

3 0.85 18 228 9.90 0.003

4 0.54 8.9 115 723 0.034

5 0.00 33 0.12 497 0.209

6 141 34, 30 0.38 4.30 0.320

7 0.00 6 0.40 1.52 0.990

e s e N -

A
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enite sudy area

Understanding the Cholera
Epidemic, Haiti

Renaud Piarroux, Robert Barrais, Benoit Faucher, Rachel Haus, Martine Piarroux,
Jean Gaudart, Roc Magloire, and Didier Raoult

After onset of a cholera epidemic in Haiti in mid-
October 2010, a team of researchers from France and
Haiti implemented field investigations and built a database
of daily cases to facilitate identification of communes
most affected. Several models were used to identify
spatiotemporal clusters, assess relative risk associated

rapid expansion in Artibonite Department. Spatiotemporal
analyses highlighted 5 significant clusters (p<0.001): 1
near Mirebalais (October 16—19) next to a United Nations
camp with deficient sanitation, 1 along the Artibonite River
(October 20-28), and 3 caused by the centrifugal epidemic

spread during November. The regression model indicated

plain (risk ratio 4.91) along the Artibonite River downstream
of Mirebalais (risk ratio 4.60). Our findings strongly suggest
that contamination of the Artibonite and 1 of its tributaries

downstream from a military camp friggered the epidemic.
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Spatiotemporal Modeling

By using SaTScan (Kulldorf), several spatiotemporal
clusters were identified (Figure 3): Mirebalais, October 16—
19 (p<0.001), and in the Artibonite delta, October 20-28
(p=<0.001). Overlapping staggered clusters occurred in the
North-West (November 11-29; p=<0.001); Port-au-Prince
area (November 14-30; p<0.001); and North (November

21-30; p<0.001).

Oct16-19
Oct 20-28

Figure 3. Spatiotemporal clusters of cholera
cases, Haiti (results of SaTScan [Kulldorf,
Cambridge, UK] analysis). The first cluster
covered 1 commune, Mirebalais, October

) Nov 11-29 16-19; me_ second c!uslgr ogvered a fgw
N inor near the delta during
) Nov 14-30 October 20-28; the next 3 clusters appeared
3C) Nov 21-30 a in the North-West Department (A) during

] pepartment borcer

November 11-29, in the West Department (B)
during November 14-30, and in the North and
North-East Departments (C) during November

‘Commune border

21-30. Other departments were affected later.
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Geographic information system based spatio-temporal dengue fever

cluster analysis and mappi

ing

Shuchi Mala ', Mahesh Kumar Jat

Department of C1vil Engreering, Molaviye National fastitute of Tochnadogy fetpur, Jowaharial Nehry Marg, Molviye Nagsr, Jupur, Resastham 02017, india
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ABSTRACT

Dengue Fever (DF] is one of the world's most rapidly spreading mosquito-borne viral diseases leading to
increased risk of premature mortality and requires critical amount of health care cost. The present work is
aimed at investigating the spatial and temporal dis on of DF in Civil Lines Zone of Delhi, capital city
of India using Kullderff's space-time permutation method over a period of 2010-2012. GIS technique
such as kernel density and directional distribution have been used to determine the spatial diffusion pat-
terns of DF incidences. Also, Pearson correlation matrix has been used to determine spatial relationship of

ATTICTOT SUCH 35 Wind 5 TeTCes, TEnest ke Oy AensIty ias bee
found for the year 2010 ranging from 7.62 to 8.89 per km® approximately. The most affected age group
was found to be16-30 years and out of the total confirmed dengue cases 63% were males and 37% were
females. The study is successful in detecting the spatio-temporal clusters having higher risk of DF out-
breaks in Delhi and negative association of wind speed with DF incidences has been observed. Thus, con-
firming environmental factors in addition to other socio-economic, demographic and physiographic
factors are responsible for the change in the trend of DF incidences over the study period.

@ 2019 National Authority for Remote Sensing and Space Sciences. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nec-
14.0/).
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5

0oz

Fig. 5. Potential clusters of DF identified by SaTScan and the numbering of clusters
is done on the basis of statistically significance in decreasing order (cluster
numbered “1" is the most likely cluster which has the lowest p-value). These
clusters are overlaid on the graphical representation of the study area. Numbers
indicate clusters identified in Table 2, 4 and 5. (a) A Map Showing Space-Time
Clusters; (b) A Map Showing Covariates (age and gender) Adjusted Space-Time
Clusters; (c) A Map Showing Covariate (Age) Adjusted Space-Time Clusters; (d) A
Map Showing Covariate (Gender) Adjusted Space-Time Clusters.
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Hailu et ol BC infectious Dseases  (2020) 20751

hetpa/doLong/10.1186/512879.020 05456y BMC Infectious Diseases

Spatial patterns and associated factors of ,,@

HIV Seropositivity among adults in Ethiopia
from EDHS 2016: a spatial and multilevel

analysis

Bayuh Asmamaw Hailu', Fentaw Tadese', Getahun Gebre Bogale’, Asressie Molla’, Birhan Asmame Miheretu’ and

Kulldoruff's scan statistic

Kulldoruff ‘s scan statistic is a tool that uses spatial scan
statistics for the identification and assessment of statisti-
cally important spatial cluster risk factors for a particular
disease. The final confirmatory spatial analysis was per-
formed using SaTScan with QGIS analysis tools. The
SaTScan may distinguish particular locations were
higher or lower rate of spatial aggregate. Its output pre-
sents the hotspot areas in circular windows, indicating
areas of windows are higher than expected distributions
compared to the areas outside of the cluster windows
[21-24).
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Fig. 1 Regional risk of HIV Seropositive per 10,000 adults in Ethiopia. The green color indicates the risk of HV below 100 per 1000; The yellow color indicates
the risk of HIV between 100 and 250 per 1000; The red color indicates the risk of HIV above 250 per 1000 adults in Ethiopia. Additionall, the risk of HIV per
1000 people in each region is put on their site. This analysss is carmied out QGIS 3122 which available

at hitp: rococomy/dor Q!
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Fig. & HIV Seropositivity hotspot clusters identified using SaTScan spatial analysis tool, in Ethiopia. Te red color circle indicates hotspot windows.
And the dot indicates the enumeration cluster. The table legend identifies statistically significant (p-value), location (site), relative risk, log-

likelihood ratio. To conduct this analysis use SaTScan v9.6, which is available at https//wwwi.satscan.org/download html and QGIS 3.12.2
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Rapid surveillance of COVID-19 by timely detection of geographically =
robust, alive and emerging hotspots using Particle Swarm Optimizer

Ankita Wadhwa , Manish Kumar Thakur

Department of Camputer Science Engineering and IT, Jeypee Instnute of Information Technology. A-10 Sector 62, Noide, UP, 201309, Indie

ABSTRACT

A novel virus, called severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has rapidly become a
pandemic called Coronavirus disease 2019 (COVID-19). According to the World Health Organization, COVID-19
was first detected in Wuhan city in December 2019 and has affected 216 countries with 9473214 confirmed cases
and 484249 deaths globally as on June 26th, 2020. Also, this outbreak continues to grow in many countries like
the United States of America (U.S.), Brazil, India, and Russia. To ensure rapid surveillance and better decision-
making by government authorities in different countries, it is vital to identify alive and emerging hotspots within
a_country promptly. State-of-the-art methods based on space-time scan statistics (like SaTScan) are not
geographically robust. Also, due to the enumeration of many Spatio-temporal cylinders, the computation cost of
Spatio-temporal SaTScan (ST-SaTScan) is very high. In the applications like COVID-19 where we need to detect
the emerging hotspots daily as scon as the new count of cases gets updated, ST-SaTScan seems inefficient.
Therefore, this paper proposes a Particle Swarm Optimizer-based scheme to timely detect geographically robust,
alive, and emerging COVID-19 hotspots in a country. Timely detection can help government officials design
better control strategies like increasing testing in hotspots, imposing stricter containment rules, or setting up
temporary hospital beds. Performance of ST-S8aTScan and proposed scheme have been analyzed for four worst-hit
U.S. states for the incubation period of 14 days between June 11th, 2020, and June 24th, 2020. Results indicate
that the proposed scheme detects hotspots of a higher likelihood ratio (a measure to indicate the significance of
hotspot) than ST-SaTScan in significantly less time. We also applied the proposed scheme to detect the emerging
COVID-19 hotspots in all states of the U.S. During the study period, the proposed scheme has detected 104
emerging COVID-19 hotspots.
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Algorithm 1: ST-SaTScan for detecting COVID-19 Hotspots

Input:
i) A matrix of cases named ‘cases” where, cases(i, j) represents the number of COVID-19 cases in i*
county (total C counties in the study arca) on j day (total T days in study duration)
ii) Loc|C] and Pop|C] containing (latitude, longitude) pairs and population of cach county respectively.
i) Max_rad representing upper bound on radius of the hotspot.
iv) The number of Monte Carlo simulations ‘m” and p-value threshold a,

Qutput: Non-overlapping alive and emerging COVID-19 hotspots with p-value <= u,

Algorithm:
Step 1: Enumerate cylinders and calculate their LLR
for cach county i do
for each county j except i do
rad-distance( Loc(i), Loc(j))
if rad>max_rad

calculate LLR using (location(i), rad, h, Loc[], Pop[], cases[][]) using eqn |
cylinders = [cylinders ; location(i) rad h LLR];
end for
end for
end for
among overlapping cylinders keep the one with highest LLR

Step 2: Generate distribution of LLR under Ho

maxLLRs=[];

for each Monte Carlo simulation i= 1 to m
cases’ = PoissonDistribution();
Compute maximum LLR" cylinder using step |
append (maxLLRs, LLR");

end

maxLLRs=sor(maxLLRs, desc);

Step 3: Test cylinders generated in step 1 for statistical significance
for each cylinder H in cylinders
pos=the position of LLR of cylinder in the maxLLRs
p-valuey = pos/mr+1;
if (p-valuen) < ay

append (Hotspots_signifi H);

end
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TeAog padnuarog

IStaitepn mpoooxri mpénet va S09¢el oTo yeyovac OTL ol Slapavelec amoteAolv Tov 0dnyo yia ) Ste€aywyr Tou
UAOMUATOC TTEPLYPAPOVTAG TIG YEVIKEG KATEUTUVOELG kdVe evotntag. Mo to Adyo auto ot Stapdveles Sev eivat
TIANPELS, EVW N TUUTTANPWON, 0 EUTTAOUTIOUOC TOUG LUE ETTUTAEOV QOKIOELS, EPWTAUATA akOUA Kol SLOPBWOELS yiveETal
Katd ™ SLAPKELX TWV UAINUATWY. SUVETTELQ QUTOU €lvat TO UAKO auto va unv umopel va dewpndel, xwpic tv
EVEPYN CUUUETOXI) TOU QOLTNTY 0TN SLAPKELX TwV UATNUATWYV, OTL KAAUTTEL TTApwWC TNV UAN TOU uadruarog.
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