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[ LindppoBas meguumHa

Lincoposas ‘
KnuHuka

s

Tenepaguonorus n
rnobanbHble cetTn

HIS
(Hospital Information System — (Plcture_ Art_;hlvmg and
FocnuTanbHas (MegvumHckast) Communication System —
WHcbopmaumoHHast Cuctema) Lincoposas PeHTreHonorus)
HL7 DICOM
(Health Level 7) — (Digital Imaging and
Crangapt HIS Communications in Medicine) —
Crangapt PACS

Oner MMbsHbIX, opiany@gmail.com




Ctangapt HL7

ADT (Admission,
Discharge, Transfer)
message

= MSH|*~\&ADT|NJADT|MEDSC|200601081527||ADTAA0Q
8|RE|P|3.2||I[[[ASCI]]

= EVN|A08|200601080823)||||PID|1]|3175875|1127278|S
AMPLEAJOEAAA|119901334|M]||5400 Lake Villa
DrAMetairie"LAA70001-1230]|(405)555-
2920[[|SINGLE][[IITIHIN]

= MSH|*~\&ADT|NJADT|MEDSC|200601081527||ADTAA0

8|RE|P|3.2||||[|ASCH|EVN|A08|200601080832||||||PID|1|
3057088|1051999|INCOGNITOAMONICAMANNAM|[197
80117|F|||PO Box 1324 Jefferson*LA83625-
3184||(555)423-1423|||OTHERY||512-11-1425||[///IIIN|

Hangute owmnbky J See http://www.hosinc.com/products/interfaces/interface_documentation.htm

Oleg Pianykh opiany@gmail.com

Ctangapt DICOM
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asonoumsa umdposon MeguLnHbI
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Cbop nHdopmaunmn B MegmumnHe

Oner MbsHbIX

opiany@gmail.com




NHdopmauuns cobpana. Yto ganbie?

m  Mebl yxxe 20 neT Kak Hakannueaem MH(opmaumio o
BCEBO3MOXHbIX MapameTpax 1 npoueccax B
3apaBooxpaHeHnn. He nopa nu Ha4vatb eé
Ncnonb3oBaTb?

o [lokas OTKINOHEHUI OT HOPMbI

o AHanus gaHHbIX

o CraHgapTusauma 3gpaBoOXpaHeHUs
o OnTnmMmsaumns MeguunHbl

m Bce ato TpebyeT a(ppeKkTnBHBIX MaTeMaTUYECKMX
peLleHni

Oner lMbsHbIX, opiany@gmail.com

OueBnAHbIN NPUMEP: NPUHATUE
pelleHnn B MmeguumHe

m  The same clinical observations should lead to the same
standard actions, but physicians’ opinions may differ:

10 mm lung nodule Your greatest
physician group
(.
& 6-month followup ???
' u

)

Possible actions

Oleg Pianykh opiany@gmail.com




OT «bonblUMX AAHHbLIX» K
anropyutMmam peLueHnn

Enhancing lesion

Root sign?
[ Jp—rm—
Present

Absent

| Delayed phase? | [ Delayed phase?

Persistent Plateau Washout Persistent Plateau Washout

—
g — s o — e
] 4 ] )
Margins? | | Internal enhancement? (Edema?]| _,
[ Jpu——

—— @ O— -0
iregular  smooth Inhemogenecus, Homageneous, Absent, Perifocal, i
centripetal centrifugal diffuse bilateral diffuse ipsilateral |

Oner lMbsHbIX, opiany@gmail.com

Pe3ynbTaT: anroputMbl MNPUHATUA
pelleHnn B MmeguumHe

| 10 mm lung nodule | Your greatest
physician group

Decision support software suggests the best option
based on the HIS/PACS data (such as tumor size).

Oleg Pianykh opiany@gmail.com




BaHanbHbIn npumep: ObcnyxmuBaHue
NayMeHTOB B KITMHUKE

1 6 7
2 5 8
3 4 9

Oleg Pianykh opiany@gmail.com

3a4YeM 3TO HYXKHO?

banaHcupoBka Harpysku

YcTpaHeHue npobnem obcnyxmBaHusi, ONTMMU3aums
paboThbl

Y[0BNETBOPEHHOCTL MNALMEHTOB U NepcoHana.
KauecTtBo 0bcnyxmBaHus

OTtka3 oT 6eCToNKOBbIX MPOEKTOB («a JaBanTe NpMMem
B ABa pa3a bonbLue!»)

SnemeHTapHoe NMOHMMaHMe Toro, 4YTo NPoOnUCXoaunT

Oner MbsiHbIX, opiany@gmail.com




Knaccuka xaHpa: Queuing theory
(Teopusi maccoBoro obenyxmnsaHua)

erﬂoooo
)
Line2
XXXYYY ) .ooo::o
o .
Exit
Line3
oooooo.

» Havano: A.K. Erlang, “The theory of probabilities and
telephone conversations,” 1909

» PacyeT napameTpoB pasnnyHbIX MOAenen ovyepeaen

* YHMBepcanbHOCTb: NPUMEHMMA K NtoObIM o4epeasm, byab To
pacyeT 3a4ady Ha NpoLeccope MUnu odepepb B Kaccy marasvHa

Oleg Pianykh opianykh@mgh.harvard.edu

QT B meaunumnHe

Patients Wait Service Leave

Demand Queue Capacity

(A patients per minute) (1 patients per minute,
p=Nu — utilization,

p<1 — stable system)

The formula states that the mean queue length L is given b
P? + A Var(5)
L=p+ 27
(1 - ,0} /
where N

« )\ is the arrival rate of the Poisson process
. lflu. is the mean of the service time distrioution §

sp= ,\,‘r’u, is the utilization
i
« Var(S) is the variance of the service time distribution S See “Queuing for Healthcare”, R. Kannapiran Palvannan & Kiok Liang Teow
Oleg Pianykh opianykh@mgh.harvard.edu




Ypokn QT

= L1: Queues are formed even when service rate exceeds
demand. Variation in demand and service rate affects
patient wait time significantly

=

Exam dusration ST0, min
5

[
Average wait time

Exam duration. min

¢+ V{var(s)] 0
L=p+

: - 0 01 02 03 04 05
2(1-p) Utilisation

Oleg | ey UG Ly Iy e v o

Ypokn QT

m L2: Short wait time requires low system utjk
high cost structure.

20
® COFFEE
L Do Stupid
1 Things
Eu Faster
H » with More
5 Energy
5 g
&
— 2+ A2 Var(S)
0 + T T L=p+ Laias =
o 0.1 k 03 0.4 0s 06 0.7 'p v (1 —_ ﬂ)

Utilisation

Oleg Pianykh opianykh@mgh.harvard.edu




]

[ Ypoku QT

_

Can you always
allocate more, really?

L3: Resource availability and allocation strategies

matter:

S ——

Utilisation Rate
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PeanbHOCTb:
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nwaga 3agava:

MpocTe

XR 5
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~
14
X

7 A
2 AR

XR 11

PeHTreH-cTaHumm

AccucteHTb

MNayneHTsbI

Mo>keM N Mbl KOHTPONIMPOBAaTbL BPEMS OXUAAHUSI NauueHTa?

opianykh@partners.org

Oleg Pianykh




NcToYHMK «BonbLlnx gaHHbix»: TC

HL7

ADT

messages

' HIS database stores all Wait time!
important HL7 updates
in patient status — use

them!

Oleg Pianykh opiany@gmail.com

PeanbHocTb: Patient arrival rate A

14 A=05

12 — =1 ents arriving per minute (avg/max data with hourly hentﬂs]

=15 T
1.0 A=L5 S |

§0.8\ ( A#const! | i
0.6 ; i

. .
Aoerage rate: med=0 2 max=08, (01.05)
= Highest rate. med=1.0. max=30, (1.0, 28

i 0.4

i:‘ 0.2 \

H o

5 0.05 1 2 3 4 5

Eor- X s b R e sy ree ol e e B d

Wed

Oleg Pianykh opianykh@mgh.harvard.edu
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PeanbHocTk: Patient waiting time W ]

Number of patients waiting for exam (avg/max data with hourly trends)
2 r
! ! ' ! ——— Foerage bne: med=15, max=7.0,{0.1, 5.4)

i | = Longest ne: med=4.0, max=20.0, (1.0, 11.6)

Stats: median, maximum,
[Q05,095] interval

Warst hour . -
10:30-11:30 AM

Oleg Pianykh

opianykh@mgh.harvard.edu

PeanbHocTb: Station utilization ]

Saation utiization example: XR2Z snd XR3, one wesk
T

“Red zone”: L
.

—:
I i

———m= | L
B N RN

Oleg Pianykh

opianykh@mgh.harvard.edu
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NTak, Ha camom gene

“‘Big Data” 3HauMTeNbHO OTKNOHSETCS OT KIaCCUYECKMX
pacnpeneneHnin n mogenen. Hanpuwvep, B Hawem
cny4dae koppensuma QT ¢ HabngaemMbliM BpeMEHEM
oKasanacb 1 BOBCE OTpuLaTenbHON

MpumeHeHne mogenen CUNbHO OrpaHNYEHO TEM, YTO
Mbl 3HAEM Ha JaHHbI MOMEHT, N JOCTOBEPHOCTLIO
3TOro 3HaHuA.

3HauMTENbHOE NPUCYTCTBUE HENPEACKA3YEMbIX U
cnyyanHbix paktopoB (0COH6EHHO B MeauLmHe, rae
MHOrO€ MEeHSIETCS «Ha NeTy»)

Oner lMbsHbIX, opiany@gmail.com

HeyTelunTenbHbIN BbIBOA

Knaccuyeckue moaenu obcnyxnsaHus
MarnonpMMeEHMUMbI B CINOXHbIX PeanbHOCTAX KIUHUKK

MpuxoanTca HayuHamsb C NPOCTbIX, HO HAOEXHbIX
AMMNNPUYECKNX MOZeNen — HaNnpuMep, TMHENHON
perpeccumn. OHM CTPOATCH Ha OCHOBE HaKOMMEHHbIX
«BOoNbLUMX AAHHBIX», U NI0XaTCA B OCHOBY MPaKTUYECKNX
anropuTMOB OBCNYXXMBaHUS.

Oner MbsiHbIX, opiany@gmail.com
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Kak e npeackasaTb Bpems
oXxuganusa naymeHta W?

QT formula W=L/A — based
on idealized model

Empirical formula, derived s«
with best-predictor 800}
regression analysis from 3 |
months of real clinic data: s}

W=45+1L + 0.5L5+0.25L10, o

freq.

Error in
predicting W

where L; is the size of the
waiting line 5 minutes ago, and |
Lo — 10 minutes ago. ) minutes

40 -20 0 20 40 60 80

Oleg Pianykh opianykh@mgh.harvard.edu

[Mpobnembl ¢ NPOCTbIMK MOAENSIMU

CTaTu4yHbI: He NOACTPaNBAOTCS NOA U3MEHSIOLLYIOCS
peanbHOCTb

Ol'paHVI‘—IeHbI NO TOYHOCTK

PaboTaloT nuLlb B NPOCThIX NpoLeccax

Oner MbsiHbIX, opiany@gmail.com
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Moxxem nu mbl YINyyqwnTb Hally
Moaenb?

Perpeccus — orpaHnyeHa

HenuHenHas perpeccusi — He Nony4mnocsb!

NcKyCcCTBEHHbIV MHTENNEKT (HEMPOHHbIE CETU) — He
nony4mnnocs!

Mouemy?

Oner lMbsHbIX, opiany@gmail.com

[Mpenensl npumeHeHua Big Data

Hukakux nnnosmn: «donblune gaHHbIE» He

rapaHTMpyoT «6onbLLon cMbIcn»! B HUX OTCcyTCTBYET
CTPYKTYpa, KOPPEKTHOCTb, AOCTOBEPHOCTb. «bonbwue
OaHHbIe» - 3Mo MPOCcmMo 8c€ Mo, 4Ymo y Hac ecmb, U C

4yem Hado Kak-mo pabomame.

Bonblune gaHHble MOryT cogepxxaTb 6onblume ropbl

Mycopa:
o CnyvanHble, HenpeackadyeMble CobbITUSA
o HeBepHble gaHHble (py4dHoun Beog!!!)

o [aHHble He B peanbHOM BpeMEHM (eCTeCTBEHHAs
3aepxKa B NOMyYeHUn OaHHbIX, N AaHHble post
factum)

o becnonesHble U HeNosHble AaHHbIe

Oner MbsiHbIX, opiany@gmail.com
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HakonneHne cny4yanHblX cCObbITUN

) Presciatiy o esam dumen
Gusowo 2 A
= Bsivo . ez
(o} O.25><La\,g ==
dsdrsen .'/4 R
- (e —
s -
£
g | Pe
3 (g
a o >.
= 7 Gl
= " <," Longer scans are
S harder to schedule
2
T
2 el
5
G
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=
&
e
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(Sewo

1 1 L 1
£ 5 - B W
Exam duration. min

Oleg Pianykh opianykh@mgh.harvard.edu

HeBepHble gaHHbIe

= Manual entry supplies most of HIS data!
= Result: incorrect or strangely-biased numerical results

Example: Histogram for MRI
exam length distribution (blue)
shows unusual spikes for
multiple of 5 minutes: data
entry with 5-min accuracy.
They have to be filtered out
(black).

Oleg Pianykh opiany@gmail.com
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[ HeBepHble faHHbIe ]

Lnmses o et [ ———

Hamber of ke uts

Oleg Pianykh opianykh@mgh.harvard.edu




Y10 penatb?

Cﬂy‘-laleOCTb, XaocC, HeCBOEBPEMEHHOCTb ABMAKOTCA
OCHOBHbIMUW Bparamun oTnaxeHHoro pa6oqero npouecca

Jlorvka paboTbl ¢ 60NbWNUMK JaHHBIMW OOMMKHA
BKMNtoYaTb B cebs yCTpaHeHne 3TUX aHoManumm, n
npeppatlleHune noboro npouecca B Hanbonee
AeTEPMUHNPOBAHHbIN

— AHannanpys «bonblune gaHHble», He0BXo4MMO:
o [MoHumaTb nx

o PasBuBaTb He TOMbKO NOrMKY, HO 1 ONTUMasbHbIE
cTpaTermm paboTbl

Oner lMbsHbIX, opiany@gmail.com

[MpmMep: NoHWXEeHne Cry4amHOCTU

Oner MbsiHbIX, opiany@gmail.com
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HakonneHne cny4yanHblX cCObbITUN

o0 =0.25xL [= -

avg

Longer scans are
harder to schedule

Exam duration STD, min

ey

fabmo

1 1 L 1
£ 5 E - B W
Exam duration. min

Oleg Pianykh opianykh@mgh.harvard.edu

Kak yckopuTb obcnyxusaHue
nauneHToB ?

CTtaHOapTHbIN Noaxod: YMeHbLNTb Bpe

obcnyxmBaHus —
DRINK

with More

[MpaBunbHbI NOAX04: U3BMEHUTL CTpaTErnio
obcnyKMBaHusa AN NOHWKEHUS CNYYanHOCTH

Oner MbsiHbIX, opiany@gmail.com

COFFEE .
Do Stupid \ /
Fartor S5

18



Bulibop cTpaTernm obcnyxmBaHms

OcHoBHble NpaBuna:

o Hwukorpa He HaunHaTb AHA ¢ Hanbornee ANUHHOIO
nccnenoBaHms
UepenoBaTb ANMMHHbLIE N KOPOTKNE
HasHa4daTb nccrnegoBaHus nponopUnoHanbHO nx
pearnbHoOW AnvHe (CpedHen Ans 4aHHOro Tmna
nccnenoBaHus)

Oner lMbsHbIX, opiany@gmail.com

Beibop cTpaTernm obcnyxmBaHms

Sequencing rules:

FCFS
ALTER (long/short)
Long first (NWBG)
Short first (RTBG)
Long first and last (NWBND) 407
Short first and last (RTBND)
—. G0«
2
z SEQ
E * ATBND
=
= * gTBG
= 20 _!_
e ~+ NWEND
+ x
% u NWEG
L
A.-Fi'ﬁ‘l ___________ .+ ® FCFA
10, Idle & Over time LT | A AR
4 & 8 10 12

“Designing appointment scheduling systems for ambulatory care services”, Tugba Cayirli - Emre Veral - Harry Rosen
Oleg Pianykh opianykh@mgh.harvard.edu
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Bulibop cTpaTernm obcnyxmBaHms

{ Appointment rules: )
R I A A T .
:|II|IIIIII
ﬁ 304 RULE
IBGDM  Combiastion of ths JHEG aad the DOME ralcs [ foi =1 E' :‘:::U
R || ‘ ) IDLEAOVER (minutes) N
uiey riaiyni upranyriwingh.harvard.edu
OnTnMusauymsa pacnmcaHus
nccregoBaHmm
» [Mpumep: HaNTM oNTUManbHbIM MHTEPBan BpemMeHu T Tak

4YTO BCE MUCCreoBaHUs MOXHO Ha3HayaTb finbo Ha T,
nnbo Ha 2T BpeMeHun

Simatdlating scheduling with single and double time slot:

15 : ; \/_/
10 < Best unit slottime [

I
Patient wait
Scanner wait

25

Total wait

Schedule overhead

0
30 35 40 45 50 55 60
Bin size. min (single slot size)

20



OnTuMmmnsaumns pacnmcaHms pecypcos

—
- e ® | Fixed supply
k-]
; "
=z .
/ Optimal supply
demandll
' 13
Pa %
E 1
w
9
$
s 7
o
.E 5 on-callll
2 3
1
3afaum Leno4ncrieHHoro 1 25 49 73 97 121 145 169 193 217 241 265 289 313
TIMHeHOro/HenvHenHoro Periods (hours)

nporpaMMu1poBaHus

See:

Brunner JO, Bard JF Kolisch R “Flexible shift scheduling of physicians", Health Care Manag Sci. 2009

Oleg Pianykh opiany@gsne‘i)‘a1 idom

OnTumMmsaums pacnucaHns pecypcoB

Optimal roster

Tore o valwaw " See:
Brunner JO, Bard JF, Kolisch R., “Flexible shift scheduling of
Fr- Wk saie b= {01-1%) physicians”, Health Care Manag Sci. 2009 Sep;12(3):285-305.

Oleg Pianykh opiany@gmail.com
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OK, anroputm rotoB. Yto ganbLue?

Oner lMbsHbIX, opiany@gmail.com

Pa3paboTka npunoXxeHum

[NMpekpacHo: Mbl NpoaHanuaopoBanu «bonbLne
AaHHbIE» W CO34ann yryylleHHbI anroputMm paboThbl

HO

JTtobon anroputm HeO6GXOANMO BHEAPUTD:

O

(©]
o
o

[okasaTb NpenmyLLecTBa peLleHns Ha NpakTuke
Cos3pgatb HagexHoe, YCTOMYMBOE peLleHne
CospaTb yaobHoe pelueHne

OtpaboTtaTtb BCce BO3MOXHbIE Criy4yau, Korga peLleHne He
cpabartbiBaeT

Oner MbsiHbIX, opiany@gmail.com
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" MpuMmep: pacnpeaeneHne nauMeHToB

MO peHTreHam

=T X

DR GERCB T =
| & C A |[1212981e@ 5% = |
M Gmail O] MGH email » (3 Other bookmarks

Oleg Pianykh

Web application to view and
book X-ray stations”
Faster patient dispatching

Fairness in exam-to-tech
assignments

Optimal station utilization

— Reduction of variability

— Reduction of over-utilization
and stress

opianykh@mgh.harvard.edu

Bcé, npobnema peweHa?

HeT!

MHTeraLlI/IFI C rocnmutanbHbIMKX CUCTEMaAMU (VICTO‘-IHI/IKI/I

OaHHbIX)

HagexHocTb B paboTe (4TO genaTtb, ecnu cena
batapeliika, ucyesd WiFi, BBenu He TOT napons, ...7)

MaclutabrpyemocTb; NepeHOCUMOCTb Ha Apyrue

npoLecchbl

O6y4yeHns nepcoHana
PaboTta c naumeHTamu

Oner MbsiHbIX, opiany@gmail.com
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UenoBeyecknin goaktop

Jllo6oe maccoBoe BHeagpeHME anropuTMoB HEN3BEXKHO
npeBpaLlaeTcs B «coumnanbHyo urpy»: « Obmanu

MaLUVHy»

NMiogu nbiTarTca 06MaHyTb anropuTm
NMiogu nbiTaroTca 06MaHyTb Apyr apyra

NMiogn aaneko Ha NPoCTO «UHTErPUPYIOTCH» C
KOMMbloTEPaAMU U ramxeTamm!

Bawe npunoXxXeHme OO0J1XXHO BKIOYaTb nonb3oBaTesien-

aHTOrNoOHNCTOB

Oner lMbsHbIX, opiany@gmail.com

MO peHTreHam

. __ﬁ\_&u:v@%

a CDAE
| « C#f [D212oeux®es B A = |
™M Gmail ©] MGH email » (1 Other bookmarks

Oleg Pianykh

" Mpumep: pacnpeaeneHne nauMeHToB

opianykh@mgh.harvard.edu
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[Tpmep: «MHTerpaumsa» ¢ 4YernoBeEKOM

Work in
progress...

iphone-gps-wearable-mounting?ref=recently launched

Oleg Pianykh opianykh@mgh.harvard.edu

http://www.kickstarter.com/projects/1958024 164/connectorr-smartphone-

3akno4yeHne

» [a, «6onblune AaHHble» B MeaMLMHE aBCOMTHO
H606XO,D,VIMO aHann3npoBaTb N NCNOJ1b30BaTb OJ14
onTUMM3aLmMM paboTkl N6Oro npouecca.

= Ho:

o HauvHaTb Hago € 3agayu, a He peLleHust

o Hapo BknagbiBaTbCA B MOHMMaHME HaKOMIIEHHOM
MHdOpMaLMK eLLe A0 TOro, Kak co3gaBaTh Kakue-nmbo
pelleHnst Ha ee OCHoBe

o B meauumHe Hanbonee BakHO 3aKOHYEHHOE, 10 KOHLA
BHEAPEHHOE peLleHne. ATO HanaraeT KecTkue
TpeboBaHMA Ha KayecTBO anropuTma.

o «He HaBpean» — «Cpaenanm 3HA4YUTENBHO Ny4Lle»

Oner MbsiHbIX, opiany@gmail.com
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