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Clinical practice guidelines are systematically developed statements, to assist practitioners
and patient decisions about appropriate health care for specific circumstances. Currently, we still faced
two key challenges of the computerization of clinical practice guidelines. One is transforming paper-based
unstructured guidelines into structured computer language, and the other is how to conduct knowledge
representation and reasoning for the structured guidelines to make the computer understand and execute
in an effective way. This paper introduced the related work of computerization of clinical practice guidelines
in literatures, including (1) the methods of structuration for guidelines, such as GEM, DeGel, GMT, and (2)
the methods of knowledge representation and reasoning for guidelines, such as Asbru, GLIF, PROforma,
GELLO Engine. We presented the state-of-the-art for evidence-based guidelines, as well as a
comparison of different updating methods which are commonly used in evidence—based guidelines based
on the trends in evidence-based medicine. Finally, this study discussed the existing problems, the trends
and the research direction of clinical guidelines.
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2.1 GEM

GEM(Guideline Elements Model): GEM
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A SURVEY OF COMPUTERIZATION OF
CLINICAL PRACTICE GUIDELINES
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XML BT RE SR HAEAE R, KA NFRAET 45 XML #1185 OWL 7k ¥,

<identity>
<title>The Diagnosis,Treatment,and Eyalutaion of
the Initial Urinary Tract Infection in Febrile
Infants and Young Children</title>
<citation>American Academy of Pediatrics.
Practice Paremeter.The diagnosis,treatment,and
evaluation of the initial tract infection in
febrile infants and young children.Pediatrics 1999:103:843-52
<guideline.length>9 pages</guideline.length>
</citation>
<release.date>1999</release.date>
<avaliability>
<electronic>http://www.pediatrics.org/cgi/content/
full/103/4/e54</electronic>
<print>Pediatrigs (Journal)</print>
<contact/>
</avaliability>
<status/>
<companlon.document>A detailed description of the methods
by which the parameter was derived is ayaiable in a technical
report from the American Academy of Pediatrics.
<patient.resource/>
</companlon.document>
<adaptation/>
</identity>
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] [Document node] (2)
[ (pocType node)
@ <& plan-library (2)
@ <> domain-defs (1)
@ <> domain (1) name='"test2"
@ <> parameter-group (1)

@ <> parameter-def (1) name="test"

@ <> logical-dependency-def (1)

@ <> parameter-proposition (3

@ <> value-description (1) 4

@ <> context (2)
&7 gmt-1ink nnk—ifz'

<> any
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3.1 Asbru
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RE g, H bR A )Y RAERE, Bt
Asbru BESRAMESE T RIBUTRRIIR T, FFAREF
HE T il AR s ) 2h AR

Asbru fp VFBET 5 F1KAF R0 09 B E 3
Vi, LLR A A Tk o) R 7 1 S 37 AR 55 28 X
PATII R FIR M. XPRIR AL E S, W
TR B S B IR PRI 20 H R B 3
TEMHIR, HARWLEAE G I b tT
R NARZS B T A . Asbru [H]H 7o 17045
BRAM) b I Ta) 4 BERUASR & P e SCOh 48
AR —FR5y, XA R T 8w N FE 7 Y 52k
5 a il

IF AR A Asbru () — M, iR E) A
SERIBIBEPRIR AR RS . AR RHLE 7L TR
FEAE R, e FAREAE 3 ANt
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By RAE TR

(FILTER-PRECONDITIONS

A SURVEY OF COMPUTERIZATION OF
CLINICAL PRACTICE GUIDELINES

I PREE S R S HMAAIAMR AL IR 3 4Rk l

(one-hour-GIT (140, 200) pregnancy
[[24 WEEKS, 24 WEEKS], [26 WEEKS,
26 WEEKS], [ , ], CONCEPTION])
(SETUP-PRECONDITIONS
PLAN-STATE one-hour-GTT COMPLETED
[[24 WEEKS, 24 WEEKS], [26 WEEKS,
26 WEEKS], [ , ], CONCEPTION])
;; The patient must have completed a glu-
cose-tolerance test (another plan in the library)
(SUSPEND-CONDITIONS
(STATE(blood-glucose) HIGH GDM-Type-
I
[[24 WEEKS, 24 WEEKS], [DELIVERY,
DELIVERY], [4 DAYS, ], CONCEPTION],
(SAMPLING-FREQUENCY 24 HOURS )))
;;suspend if high blood-glucose level exists
for at least 4 DAY'S
(ABORT-CONDITIONS
(insulin-indicator-conditions TRUE GDM-
Type-II *
(SAMPLING-FREQUENCY 24 HOURS)))
(COMPLETE-CONDITIONS
(delivery TRUE GDM-Type- II * (SAM-
PLING-FREQUENCY 24 HOURS )))
(REACTIVATE-CONDITIONS
(STATE(blood-glucose) (OR NORMAL
SLIGHTLY-HIGH) GDM-Type-I1
[[24 WEEKS, 24 WEEKS], [DELIVERY,
DELIVERY], [4 DAYS, ], CONCEPTION],
(SAMPLING-FREQUENCY 24 HOURS )))
(DO-ALL-TOGETHER

(glucose-monitoring)

TECHNOLOGY INTELLIGENCE ENGINEERING
2018 F% 45 2 1A

&



SPECIAL ARTICLES

doi:10.3772/j.issn.2095-915x.2018.02.002

(nutrition-management)

(observe-insulin-indicators)))
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3.2 GLIF
GLIF(Guideline Interchange Format): E[l §

PSR IE SN, o — B EORR I R SE B A v I 1)
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Guideline
Model
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|

N Guideline i o . Supplemental
Guideline A.C tion Criterion Patient Data ppiem
Step Specification Material
Name name name EI\{pe .
author didactics patient_data idactics type .
intention description possible_values
eligibility criteria didactics temporal_constraint
step Boolean K of n
first_step L. Yy
didactics Criterion Criterion
spec number_to_select
| | | criterion
Action Conditional Branch Synchronization . . .
Y Local Material WWW" Material
Step Step Step Step
action, condition branch next_step, material URL
subguideline destination selection_method  continuation
next_step otherwise order_constraint

E5 GLIFfES
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Guideline Example
{ name="Guideline for Vaccine X”’;
authors=SEQUENCE I{“MAY Doe, MD”;};
eligibility criteria=NULL;
intention="Decide whether to recommend the
Generic vaccine and at what dosage”;
steps=

SEQUENCE 8

{(Branch_Step 1); (Action_Step 1); (Action_

Step 2);
(Synchronization_Step 1); (Conditonal Step
1);

A SURVEY OF COMPUTERIZATION OF
CLINICAL PRACTICE GUIDELINES

e REC RIS ARV R R S0k l

(Conditonal_Step 2); (Action_Step 3);
(Action_Step 4);
}s
first_step=(Branch_Step 1);
didactics=
SEQUENCE 1
{ Supplemental Material 1
{ label=""critique”;
MIME TYPE="text/plain”;
material="Published guideline does not
contain explicit eligibility criteria.”;}
¥
s
Branch_Step 1
{ name="collect data”;
branches=
SEQUENCE 2
{(Action_Step 1);
(Action_Step2);};
selection_method=all_of;
order constraint=any order
didactics=SEQUENCE 0{};
H
Action Step 1
{ name="Get occupation”;
action=...... 3t
Action_Step 2
{ name="Get age”;
action=...... 3t
Synchronization Step 1
{ name="wait until data collected”;

next_step=(Conditional Step 1);
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continuation=wait_for all;
didactics=SEQDENCE 0{};
h
Conditional Step 1
{ name="Age<12? *;
condition=
Boolean_Criterion 1
{ type=k _two_valued;
spec="AGE<12”;
didactics=SEQUENCE 0{};
s
destination=(Accion_Step 3);
otherwise=(Conditional Step 2);
didactics=SEQUENCE 0{};
Action_Step 3
{ name="Pediatric dosage”;
action=
Action_Step 3
{name="Administer pediatric dosage”;
intension="Administer pediatric vaccine
dosagerr;
pacient_data=SEQUENCEO0{};
description="inject 1 cc of vaccine X into
muscle”;
didactics=SEQUENCEO0{};
s
subguideline=NULL;
next_step=NULL;
didactics=SEQUENCE 0{};

D AR O —

ANGPSOP TR, AE < AR BRI 173

©
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IR < A BNAER AT~ 173 PR, 73 3P 5R
BEIAX AN TEI AN SE G 0T . BB Ea
WS, PUTRIP TR, HEERE I —
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PATATEPTE < /AN LRI TS >, 70
BEN 75— S A DR PN Wi R BR3P N DA
FERT 65 B, ARM—ANFIERL, HMPUT
destination JETEE SLINATEPTE « R G0
BTG ”, WSRERANTT B S

GLIF REHEFEA R T WL FI RGP &
IR SR (EMR) REGHTEL, M
M2 B SRR E S R . R R 55
M. OBELITHZ) . RIS B PR,
5. GLIF &A1 1) 55 — A WA & GLIF2, H i
GLIF3™ % Afiji hy 7 fift e GLIF2 f—LE P i ik
FE3, GLIF3 X%t GLIF2 i1y 2 i#F 4 22 6045 Xt GLIF
BERIFITE TR SE B AR

GLIF3 5 7F& 7. GLIF2 ¥ € iHE 28 L % 5
WEINFEH . FFREIY B 451
SR SCHE IE U e RbRifE . AT R R 4L
. GLIF3 {1 & — A IEXFEIET (GELLO™
T REIXRTE T ) RFRIERARERE AR
5 42 NEEEA 1S GLIF3 S YREEHS
W B 5 — AR E SR NEHE . H AT,
GLIF3 L 3T 7T Protége AR, ek,
WZWRK . LR . DR RS AL S i A 48 v
APRFIA ROME TH A R ) . SOk [42] ot
GLIF3 Fll GLIF2 37 1 HL#%

EAEF M EAPATIIE, SR [43] 1 iE
M4 7 GLIF3 $147 51 % GLEE. GLEE 14k
TSR « Rgclon, M P8 5ok
PATSui%4ERI. GLEE [k 144 GLIF3 fa i #
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3.3 PROforma

PROforma /& —Fu] HUTIEFREEEIE S, &
BT SR E — R R R RS 486 .
AIHA B I RE /¥ . {E PROforma ., 48 B o
B — R INIAE S5 FEE, AE 55 AR Z IR 45
2RI, PROforma MR SRR R 53 iR |
R ATRRIRN) 4 2K TR SRS
RS PATIN — LR F, I 2B B — A
Bz, fEdarh, i ARG BT E M AL
BHMTRGERAT; A PE B 5 22k T o
W, ARSI MR ASCE AT T
— A TR L R P AT
—HRCAES, TR A AT ZE I w4
Hbw . F 2 L5355 2 e SR ) — i TB) Se R

PROforma i3 2 0] LIMERS R R A A T
TRFERMES, IFRBEL W, A€, it
el B AR R, AGRE, f)in) 2
AT A HIETT TR R B E D & ] g
PaT, S XAEZEME, AR R
Bl BAMESFEARERME, « bnalFik > 1
RSB APEOY . < ARSFIHERLTR » B4
ISR 1k — AN 55 18 HARAT: 55 18 P 45 Rt
FEOG |« Wi " MRS IGIHZ R IR IUR HL
EE AR S5 HAT MR SR P 125

TESCHR [26] Ttk 7 — M am e+, W
BRCAEPIRN, BT A BT AL B8 A X
TFUIRFEEAR B S H2E % S i) B 2, X
MRS 5 MES. IR SHE T4

It PRECEEFE RS FIRNR AL IR I R ERIA l
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T EHEE, W AR AR AR S5 5
LW PR E ST Bl RO R AL 2
M) ARRBFL . AHLEITARER, X3
M AEYBRIEERDE T iZ AT

Two-week
referral
Clinical Referral Nonurgent
Information Decision referral
No referral

&6 PROformazzik HyfIF

6 Sk R P BEZT I, b A2 Wi
RN ARG R FE M G AT, ALUESFIL
ATRERL A, XA T, AR 3 AT
TR, A
result_of(‘Referral Decision’) =‘Two week refer-
ral’.

PROforma A R4 B AP BLHAR ) A ek
A, XU TG AT REAEA [F] AR A-F & BUAN R Y
i T H Fizf1. FATHERHER PROforma

B S AEANF IR T %%, I REACT™ I H
A K 3% 38 1) PROforma 5 5 78 il A PR Y
R ASFER R . PROforma SXAHT 1) 4T 45 0046 B
IREHOR LI R B S AU 2 T H

HoAth HS 2 44 89 J7 1R 45 Arden Syntax
GUIDE fll PRODIGY ., Arden Syntax iff i 4 1%
SR Y BE 2 R A B A2 B A (MLMS)
PREIESUIRR P IR &, R 5 o —Fhid
MLMS & Jite i) 2 TR TR HEwiHE 1
BAE N EER, BRI R BB

&
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{H3Z A Arden Syntax il = brifE B4 2K R LIEL
TRHLAG 7 RRBEAE , AR R A
HZHR [45] g LT — PR B R Y
RS, RS AT ) 0 SRR, [RIIN OR AR 6]
JE#% . GUIDE &k T 2 2R R E5H)
H il RFE R BB 2 RS il — IR
B, JF 5 TAERE B R GEHE TR B TE
JREML . GUIDE FALEEET Petri Nets ™, —fif
T3 . PRODIGY fli i — AN ETFE5
M AR R EVESRHE B, I RV H B
ML IR N5 B BRI T3 25 BRI — 4
BN

de Clercq™” 4& A, Isern and Moreno'* Fi
Sonnenberg and Hagerty'” ¥£ 3 & %+ AL AT
PATHERIRIE 73Ul 7 2Rk AESCHR [50]
USRI N U T 7 W el 1)) g2 e A =t 54
76 T F B THEAL AT B AR E E A, SR AR E
BBt 5225 BT XU SCEXHE
B TE AT 7RIS, A SCEAS it

RV E.

3.4 GELLO Engine

GELLO J&— i a4 G A i) fl e ik =00
&, HAFIRRIFE R (CDS) P, F 2005 4F
R, It HL7/ANSTSEARE 1B |,
GELLO TR 2pRIESF (OCL) , EMTm
)% G BRI . GELLO SR E R Z g AR
by BRI 7 (VR ), GELLO i SCiik &
AR BT SR T CDS iRk i
LR LA HL7 vMR brif, —Fh it 2
P A T AT RS H GELLO ik EH Rk
S —PIEE, SRk —4 GELLO 5%

o
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HP BRI OCL ik, HSLBLM AN IR,
53 SEE VMR 8 | 5 L GELLO A3,
NI RS LU B i A T A

I8 7 & GELLO 5| %52 Bl =288, B
AERRZE . ERUERSZE=Z,

BRIZ. 3% GELLO [K)i$)2 vMR BRI
SEEL, BAE—AMERVE HLT BdE 2800 R B s
PO, Horh Al AR R B 25 R 1+ AR
SRORTFRIZE SRR

BLEJZ: A 1 X R 5 I RATLAA) ) 25 Fh iR
W, B 25t A nT A R A —— A
NIEMRFIAEE . WRVE DA BIR%S 2R
I PRE A VMR JER, ISR e w] LLAS
Bl 5 R A N I R B A O oA 4
VMR, HF GELLO kUil & AE, 6
AT LA ) SNOMED CT, P i 75 i ¥
JE AL — AN TG B AR SR N2 )2
HYAH SR ARTE LUAE T 51 50T LLUE i 5 | A Pk
VilalEAl.

MR 45)2: LUKG RE e fl GELLO ik 1k
HEIN, R E R R . i 7 R,
TSR IE PRAE & DL AR AR A VMR,



M) VMR FAR G P TRARATE ST, NI IR
i e gm i il 2. Fi, HE
#| GELLO 544574 OCL, A 1HIH OCL 5%
SRARATHT N1 GELLO ik, H P ohg
THAER AL AL )21 VMR BRI SCH,

8 & 3CHR [53] H GELLO 5| %4l i iy —
AT, B ZeR R CDA sl REGR I — A Fr
B, HAAR T4 IEEE Y 120mg/dL FF
BWh S AT 2 BORE R AR, H

Clinical data
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e PRECEE S RIS FIA R AME R IR A ]

JEE L—A GELLO £iA50, LLIEAN #5110
BEKFIETS T Tmmol/L M BIME, SRIGRES
fFH B 55—~ GELLO #ikxX, LIPEfhRE
T BT IRIR . 12 3 GELLO 51424t T4
HEILE (PQ) FIMEEHIARSF (CD) B& X
XFER SRR R L. R, MR Immol/L =
18mg/dL )RS, 51ZEM SE— NG ZR N,

SFEANE, 7E SNOMED CT Hefg b ki 2 7

VAR BE PRI o

GELLO expression

Iyt 1
Service layer
| VMR transformer | | OCL engine
i Configuration layer E
L T 1
i i schema registry i ontology repository ! '

Model layer

ontology reasoner

[ vMR model ]

E7 GELLOS|#=ZE&5

<code code="1558-6"
codeSystem="2.16.840.1.113883.6.1"
codeSystemName="LOINC"
displayName="Glucose p fast SerPl-mCnc"/>
<statusCode code="completed"/>
<effectiveTime value="20104071530"/>
<value xsi:type="PQ" value="120"
unit="mg/dL"/>
</observation>

Clinical data (in CDA) GELLO expressions
<observation classCode="OBS" package VMR
moodCode="EVN"> context Patient

def: BG : CD = self.factory.CD(‘1558-6°,

‘LOINC’, ‘Glucose p fast SerPl-mCnc’)
def: threshold : PQ = self.factory. PQ(‘7’, ‘mmol/L’)
def: obs : Sequence(LaboratoryObservation) =

self.isAssociatedWith.laboratoryObservation
obs -> exists(testCode.equal(BG) and
value.oclAsType(PQ).greaterThan(threshold))

<observation classCode="OBS "
moodCode="EVN">
<code code="14657009"
codeSystem="2.16.840.1.113883.6.96"
codeSystemName="SNOMED CT"
displayName="Established diagnosis"/>
<statusCode code="completed"/>
<effectiveTime value="201004071630"/>
<value xsi:type="CD" code="44054006"
codeSystem="2.16.840.1.113883.6.96"
codeSystemName="SNOMED CT"
displayName="diabetes mellitus type 2"/>
</observation>

package VMR
context Patient
def: DM: CD = self.factory.CD(‘73211009’,
‘SNOMED CT’, ‘diabetes mellitus”)
def: obs : Sequence(ProblemObservation) =
self.isAssociatedWith.problemObservation
obs -> exists(problemCode.imply(DM))

El8 GELLOBZ|Z# AFEAR
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