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T O—TlF, 39— Thypoechoich MEEERE Z &, “halo sign” EFEIEN T L 5.
SRR ICAIZEENAR(TA) Dintima-media thickness(IMT) [ 23R (A, IREENAR(AX) (B ITE D
BEE T, NEIThypoechoic—isoechoic/hyperechoic’s Z 4t % 3 % (multilinear pattern).
GCA4LZ D6 N R 12N B20H BEBEDITI—D7 + B—TIE, TADS% THRIEEDEA % R 7=
GUSTOREEETIL, /SIIL XEZICIMTEA 3 2 28, TCZEIRTIFIBI L, £ DERIRA ITIET.
EHIACRP/ESRICEE & RIT T 720, REFBEC BN RHEDIEENUETH - /2.

Outcome Measures in Rheumatology (OMERACT) ultrasonography large vessel vasculitis

working group?®, GCABE K X 37 =1ERk L 7=.



Ultrasound halo sign as a potential monitoring tool H a | 0S Ta g (Ii ;\ﬁy}i%}:i@ t EHE c: B&% L/ T LY < _

for patients with giant cell arteritis: a
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.

ok Saahe. Coloucio Mortscoas ok i Ann Rheum Dis. 2021:80(11):1475-1482.
GCAT®DHalosignzgimE ICE=Z4 YU 7 L TCERYZE L 7= 0% (BN, PROTEA study).

HTHRFIE, PSL<15mg/H, TA/AXIZHalo singZz 28 5 GCA49% ¢, 0,1,3,6,12,24w I ZERER /1R &/
BERT — XA EHIE & 7.

BEEIL,PSL<30mg/ B THEEMN R W & & TEE.

BE IR 8EtE dHalo sing & IMTZRIE. IMTIZEATAZRIC 74 5 P THtRT TRIE.

BEEREOICESREPSLZFY 25HEAHR S SN TUL .

24.5%12 /XL ZADBRICITHh LTV o

« Halo sign Tempors Arteie : sty Arteres
Baseline TA:47/49(97%), AX:11/49(22%), TA+AX:9/49(18%) ’

RFR#2E & H(ZHalo singt 7 X > b EIMTIEREA T 5.

AXIZBE L TIETAL Y L EDEIR

Table 4  Assoclation between halo features and disease acthity markors

TAlZHalot 7' X > b & R sl =
IMTOES ARBESIMECHE o . = & ey SRR e
B9 2 AAXIE L7 L. " - " - |
PSLEERSEIL8 DHEE. ot &

AXIZAEES L 7Ly, I



Novel ultrasonographic Halo Score for giant cell
arteritis: assessment of diagnostic accuracy and
association with ocular ischaemia

Komells S M van dor Geest Frances Borg ' Abdul Kayanl” Dirsy Paan
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Halo score & Halo count =320 L 7= 5%

Ann Rheum Dis. 2020:79(3):393-399.

“Halo Grading “Common superﬁcnal TA | Parietal TA Frontal TA A;Illarv artery
. halo thickness {(mm)} hala thickness {mm) | halo thickness {mm) halo thickness (mm)
RS —— Grade 0 0.3 or less 0.2 or less 0.1 or less 0.5 or less
GCAZELDRIL DI, HBHE EZ&TAB/’C‘58% DGCANFETE. Gade1 os o5 0z s _
— — 1 -
HBERETABIZPSLIRSTHUAICITHNT:. G i e e i

Halo sign@i%:ﬂﬂ%?ﬂﬂ?(:ﬁ%bﬁl o — 13
H{BISEBIRANES & BETERY, BIEER BB AR D IMT A > score % {EB. —— — N

SR & RITEEN IR R CEA DI IS 5720123(E & L7 AFT484.
Halo countld 8 &= i &. i

« GCA—THalo score & Halo countiZnon-GCA L V) 51& " \ ’
« Halo count=1: BE75% % FEE 55%,LR+ 1.72 "~ e uted

« Halo score=1: BET78%, 4% £E61%,LR+2.0 " i
o BEEIS%%E ~JIZ1F,Halo count=6, Halo socre=10.

« Halo socre=10TLR+ 6.41, Halo count|(ZLR+1.07

« TAB+IEZTAB- & Y Halo score/countLIC={E. LR>2 TTABD#E R F8(C
« AREKEEIM:Halo score=2 OR 9.88, Halo count=3 OR12.00. o
« Halo scoreldCRP & #8B 9 % 7Y, TA® % D subBEAfT B E 1. S
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RHEUMATOLOGY

Halo score S 1B+ MELBEA & BRERE M & BI:E Y

Ultrasonographic Halo Score in giant cell arteritis:
association with intimal hyperplasia and ischaemic

sight loss
Rheumatology (Oxford). 2021:60(9):4361-4366.

Komelis S. M. van der Geest'*, Konrad Wolfe’, Frances Borg®,
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Halo score =& & TABD NEE B, BREREE M1 D B8 & 1R 3E (TABLE study M subf&4T).

|55 =] Halo sing=intima-media complex® /& .
Halo score @ B=NIEEF X & BE = F1E.

Halo score={E & BREKEE [ |3 B 5.

BBk & BREREE M (3 B8 &

GCAH EEH %924 " em oo
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Vascautitin

Definitions and reliability assessment H | C 0) <
of elementary ultrasound lesions in a O S I g n ’ O m p re S S I O n S I n g A—E géc
giant cell arteritis: a study from the

OMERACT Large Vessel Vasculitis RMD Open. 2018,4(1)6000598

Ultrasound Working Group

Agreement Delphi

@GCA@ E%;\Rjﬁﬁ%%systemahc |itel’ature reVieW Domain Definition (%) round

@DelphiE TRBERARED 2 >4 v R &1ER US appearanc o

normal temporal  Pulsating, compressible artery with anechoic lumen surrounded by mid-echoicto  95.7 1

@33 Igf”—% (,: i?ﬂi% ﬁgﬂ (\_’_ i?ﬂi% W T\‘ U) 'f%%ﬁ"‘i—t 7& Ezlszl arteries hyperechoic* tissue. Using US equipment with high resolution, the intima-media

complex presenting as a homogenous, hypoechoic or anechoic echostructure
delineated by two parallel hyperechoic margins (‘double line pattern’) may be

SLRZfT- 71,25 D statementZ /R L T, GCA ok - 1

normal Pulsating, hardly compressible artery with anechoic lumen; the intima-media
XES AN EE= £~ - — N2 — extracranial large complex presents as a homogenous, hypoechoic or anechoic echostructure
03 %i'%gi 75 _E == 7’;‘ 2 5 'Q—' 0) Ig El:ﬁ (’\_ i(u_l )/[/\75: li—é - 71 ' arteries delineated by two parallel hyperechoic margins (‘double line pattern’), which is
'f = %E\’ ‘i:I:I_ D EElZ{ ﬂfl Tl% ,T A / AXD1E = ;’a‘: =) {)\ H% _U: @ . | | surrounded by m;d-gchonc to hyperechonc': tissue. | |
J— arteriosclerotic Heterogeneous and in part hyperechoic, irregularly delineated and eccentric 95.8 2
Ej] @ T“ ’[ T 7f’) *L 7'1‘: . arteries vessel wall alteration.
‘*halo’ sign Homogenous, hypoechoic wall thickening, well delineated towards the luminal 91.3 2

side, visible both in longitudinal and transverse planes, most commonly

Ha|0 Sign: i/;j_t;l:'f._E_EI- a1 — @E&HEET‘, WHZE concentric in transverse scans.

— ~ +H- y ~ B =] stenosis in A stenosis is characterised by aliasing and persistent diastolic flow by colour 95.8 2
1/H\IJ 6\— I_EITJ 73\ 7 C\:- J: < }EE lJm_l é *L, 4‘% Ilkﬁﬁ T Hx :E) |E_| /L;\ temporal arteries Doppler US. The maximum systolic flow velocity determined within the stenosis 100 3
S — 4H by pulsed wave-Doppler US is =2 times higher than the flow velocity proximal or
I:q :Ij( 6\— }EE lJm—l é 7ha % . distal to the stenosis.
CO m p ress | ons i g n :}:T: \L|J:'|_ ’g_ % (\:_ HE E L 7": _[m_ % stenosis in Typical vasculitic vessel wall thickening with characteristic Doppler curves 75 1

extracranial large showing turbulence and increased systolic and diastolic blood flow velocities.

El%b‘\%i_% 1&IH_®M%E£HEELJ:’E‘J~%I arteries

N occlusion Absence of colour Doppler signals in a visible artery filled with hypoechoic 87.5 1
EE 0 73 " X o ; :
J— 0) J;_I %E%ELX,L (\:_ }l(r_l- E“\:{ E/\j . material, even with low pulse repetition frequency and high colour gain.
‘compression’ The thickened arterial wall remains visible upon compression; the hypoechogenic  78.3 1
sign of temporal  vasculitic vessel wall thickening contrasts with the mid-echogenic to
arteries hyperechogenic surrounding tissue.

= = - S AVA =+ . US assessment of
E'Elzﬂfl% FIEﬁ ’ Eilz'fﬂﬁ% W T Lj: ’ 7&% Iiﬁ ﬁ(‘ﬁé Iiﬁ 0) ﬁ%ﬂ: @ Ej] @ ‘compression’ The compression sign should be assessed by applying pressure via the 913 1
D K > O . 8 ’C“{E *EI|‘¢ L ;[— E ;Z‘jr T\\ 3;) > 7": . sign of temporal  transducer until the lumen of the temporal artery occludes and no arterial

arteries pulsation remains visible.
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S t e p 2 Supplementary File 1. Questionnaire for the first Delphi round for the development

of an OMERACT GCA ultrasound score

Question _ Question type

Q1. Statement: The score should include the right and left common superticial

. — S N S — lemperal aneries with their frontal and panetal branches (6 segments) and the | Rating 1-5
° ~ — axillary arteries (2 segments)
O
/ — . Q2. Statement: An addttional extended OMERACT Ultrasound Scare is

recommanded which includes the right and el facial, occipdal, common | Rating 1-5
carolid, subciavian and vertebral artenies In adaition (o the temporal and 9
axillary arteries

Q3. Statement: In addition 1o & score based on IMT / halo size, we recommend
@ sample count of segments with positive halo sign ('halo count’). This count

N e
3 81. 0) ﬁ:ﬁ 75 /E 1@ é *L 7_" includes the right and left commen superfical temporal artories with their | Rating 1-5
— frontal and parietal branches (8 segments) and the axillary arteries (2

segmants). The range of this score is 0-8

— N _ N . o Q4. Statorment: In case of missing segments {0.0. due to anatomical variants)
BERRBEORRICETIZ L, AECEBREBOFE, COBIRE S DD, i i |

evaluated segments and multiplied by the maximum number of segments, |.e.
8,

t T\\ t U) J: 7 | I\/l T % J —a— %) 75\ 7’—\ t“ _O5. Statemant: The IMT should be measured in the area of greatest thicknass | ﬁg_ljr_\gt -5
— I d\ . 06, Staternent: Tho IMT should be measured n prwc'ormlned anatemical

areas (0.9. 1 cm from the superficial tomporal arfery bifurcation and at the level | Rating 1-5

of the humaral head)

[ 12 1ZBERRE D Likert scale AW SN 7-(0:58 < & 5,,,,5:58 < BAX). 7 oo T shuk e messured o areaof grestot Wckress, | L
« The IMT should be measured in predatermined anatomical areas (e.g. |
1 cm from the superficial 1emporal artery bifurcation and at the level of

5% D4 or bD [E|E A Ff-statementiz T AN ESNI-E L 7. e R

distance from the bifurcation of the superficial temporal antery and the distance | Rating 1-5
from the mid of humeral head should be additionally noted

— Q9. Statenent: The IMT / halo thickness of temporal and axillary arteries
ANEWGE X R —=[CTBIEINRDZ 7 > FiZElE N7z R
_— = v should be measurad at the thickest wall (superficial or deep wall). Al temporal ¢
/( )< / ‘“’ = }\ / ‘“’ " areries il may be an altemative 1o compress the vessel until no lumen or blood ' ng1-5
fow ig visie with measurement of both walls dividing the result by 2,

Q10. Statemant; The IMT / halo thicknees of temporal aneries and axifary I
aneries should always be measured at the thackest wall (superticlal or deep ‘ Rating 1-5
wall). Measurement of compressed lemporal antenes should not be performed

Q11. Statement: The IMT / halo thickness of temparai arleries and axilary

arteries should always be measured at the deep wall. Measurement of | Rating 1-5
compressed lemporal arteries should not be performed,
Q12. Swatement. The IMT / halo thickness of temporal and axillary arteries Rating 1-5

should always be measured with compression. The results will be divided by 2

Q13 Statement: The IMT / halo thickness of temporal and axillary arteries

should always be measurad at the deep wall. At temporal artenes it may be an | Rating 1-5
glternative o compress the vessel until no lumen o blooad flow Is visible with na
measuremeat of both walls dividing the result by 2

Q4. Please rank order the statements of this page acoording to pronty
o The IMT / halo thickness of temporal and axillary arteries should be
measured at the thickes! wai (superficial or deep wall). Al temporal
aneries it may be an altematve to compress the vessel until no lumen
or blood flow is visible with measurement of both walls dividing the
result by 2 Rank ordering
« The IMT / haio thickness of temporal arteries and axillary arteries
shouid always be measured al the thickes! wall (superficial or deep
wall). Measurement of compressed lemporal arterios should not be
performed.
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O IMTDcut of{E 1, EAIZESIAR 0.4mm, SETERY/BIZER 0.3mm, FREEN AR 1.0mm
O IMT rounded cut off values (OGUS) »* A
O \Wwhip B Halo scoreldRAINT.

8781% Thalo singO BEZFER L, HNITEETL TUL < halo countD{EH

Candidate ultrasonography scores for GCA

1

IMT-normal: Sum of IMT measured in every segment divided by the mean normal IMT in each segment (common trunk of superficial temporal arteries, 0.23 mm; frontal branches,

0.19 mm; parietal branches, 0.20 mm; axillary arteries, 0.59 mm).

IMT-cut-off: Sum of IMT measured in every segment divided by the cut-off values of IMT in each segment (common trunk of superficial temporal arteries, 0.42 mm; frontal

branches, 0.34 mm; parietal branches, 0.29 mm; axillary arteries, 1.0 mm).

IMT-rounded normal: Sum of IMT measured in every segment divided by the mean rounded normal IMT in each segment (all temporal artery segments, 0.2 mm; axillary arteries,

0.6 mm).

IMT-rounded cut-off: Sum of IMT measured in every segment divided by the rounded cut-off values of IMT in each segment (common trunk of superficial temporal arteries, 0.4

mm; temporal artery branches, 0.3 mm; axillary arteries, 1.0 mm).
This score was finally selected as the provisional OMERACT GCA Ultrasonography Score (OGUS).

Semiquantitative: Calculated by the IMT measured in every segment. IMT is then converted into a semiquantitative value for each segment.'*

Halo grading Common temporal IMT (mm) Parietal branch IMT (mm)
Grade 0 <0.3 <0.2

Grade 1 0.4 0.3

Grade 2 0.5 0.4

Grade 3 0.6-0.7 0.5

Grade 4 =0.8 =0.6

Halo count: Sum of halos (absent=0, present=1) in every segment (range 0-8)."

Frontal branch IMT (mm)

<0.1
0.2
0.3
0.4
=0.5

Axillary artery IMT (mm)
<0.5

0.6

0.7-0.8

0.9-1.5

=1.6



T HH
% Box 1 Provisional OMERACT GCA Ultrasonography Score
M A (OGUS)

OMERACT GCA Ultrasonography Score (OGUS)=(CR/0.4
0G USZ%%EEZ DIMT % /ﬁ\g_l_ L Tcut Off'ﬂE ’C%U S>7T-H DA ég—lﬂ mm-+CL/0.4 mm+PR/0.3 mm+PL/0.3 mm+FR/0.3 mm+FL/0.3

mm+AR/1.0 mm+AL/1.0 mm)/number of segments available.*

AIE E.[JEJ\E VAN %,E\EZ?;& ’C%U >72H D. If OGUS cannot be determined, the halo count=Sum of all
0-11x1F v—%ﬁ >1TE -—%‘- segments with a positive halo sign (range 0-8) may be used as
’ T an alternative.
@ ) OMERACT GCA Ultrasonography Score is calculated as the [Sum of
NV =] ANE intima—media thickness (IMT) measured in every segment divided by
’_%EJJE@J H}ﬁ E 1.0m m, E 0.5 rTlT_ ( H ”Jr 1.5m m) the rounded cut-off values of IMTs in each segment (ie, common trunk
Bl EE\EZ E 0.5mm, A= 0.3mm ( = EJF 0.8m m) of superficial temporal arteries: 0.4 mm; parietal and frontal branches:
g A 0.3 mm; axillary arteries: 1.0 mm)] divided by the number of segments
%TE’SZ A 0.3mm, & 0.3mm (.:.ir:O.6mm) o
H{ﬁz = @J Hﬁ? E 1.5m m, E 1.0mm ( = 'E‘.Jr 2.5m m) *In case one or more artery segments are not examined (eg, because
[1.5/0.4+0.8/O.3+O.6/0.3—|—2.5/1.0] ~8=1.36 of biopsy), the sum of the remaining segments (each divided by the

rounded cut-offs) is divided by the number of segments actually
available. This is to normalise the final score according to the number
of segments investigated. In case the IMT has been measured on a
compressed artery, the value has to be divided by 2 (see also box 2,
statement 5).

« OGUSHAMEARTE 4L & Z (4, halo countTRAT 3. e

e ERTHEIRMEA TCEAHWLRILEYDIMTZEETL ¢, ERICAFETE /- &
I X NTES, &
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2. IMT/halo sizelcE D<K XA 720X, halo signfglE D8t 7' X v h A EHICHAT Y T3
Z & R (halo count).
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B.RN—RXT7AVKET7+A—T v 7HIEAIETHNIERALAEZRAVS

9. IMTIL, FJEE THNISHEME TRIEST 5 Z EAE X L L.

Dkt

OT7IEFEE L= X v FETE S

IFRERLG L), MARERTNTOET X b T
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Box 2 Statements for the determination of the

provisional OMERACT GCA Ultrasonography Score (OGUS)

1.

The score should include the right and left common trunk of
superficial temporal arteries with their frontal and parietal
branches (six segments) and the axillary arteries (two
segments) (agreement 91,3%, first Delphi round).

In addition to a score based on IMT/halo size, we recommend
a simple count of segments with positive halo sign (halo
count). This count includes the right and left common trunks
of superficial temporal arteries with their frontal and parietal
branches (six segments) and the axillary arteries (two
segments) (agreement 79.6%, first Delphi round).

In case of missing segments (eg, due to anatomical variants),
all available segments will be considered. Segments where

a biopsy has been performed should be excluded. The score
will then be divided by the number of evaluated segments
(agreement 75.0%, first Delphi round).

The IMT should be measured in the area of greatest thickness
(agreement 88.6%, first Delphi round).

The IMT/halo thickness of temporal and axillary arteries
should be measured at the thickest wall (superficial or

deep wall). At temporal arteries, it may be an alternative to
compress the vessel until no lumen or blood flow is visible
with measurement of hath walls dividing the result by 2
{agreement 75.0%, first Delphi round).

. Measurement should preferably be performed in the grey

scale image. Only in unclear situations measurement may be
done using colour Doppler ultrasonography or an alternative
ultrasonography mode for showing the artery lumen.
Overfilling or underfilling of the lumen with colour must

be avoided in this situation (agreement 93.0%, first Delphi
round).

. Measurements should include at least one, but if possible two

decimal places (agreement 85.1%, second Delphi round).

. At baseline and follow-up, the same method (single wall

measurement or measurement with compression) should be
applied if possible (agreement 87.2%, second Delphi round).

. IMT should preferably be measured in longitudinal planes, if

possible (agreement 89.19%, third Delphi round).
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« IMTAIE DENICCIZ1[EH 0.835, 2[8]H 0.724, #®ERICC 0.911 & R&f
« Halo count® & MICCIE1[E]B 0.562, 2[a]H 0.565, #&E&FICC 0.885 & #&1tL

Table 2 Reliability data for the candidate ultrasonography scores for GCA

Interrater Interrater

Round 1 Round 2 Intrarater
Score ICC 95% CI ICC 95% CI Median ICC IQR
IMT-normal 0.837 0.684 to 0.951 0.719 0.526 to 0.906 0.913 0.752-0.955
IMT-cut-off 0.832 0.676 to 0.949 0.718 0.525 to 0.905 0.912 0.753-0.952
IMT-rounded normal 0.840 0.688 to 0.952 0.718 0.525 to 0.905 0.915 0.750-0.956
IMT-rounded cut-off (OGUS) 0.835 0.681 to 0.950 0.724 0.532 to 0.907 0.911 0.752-0.953
Semiquantitative 0.540 0.396 t0 0.712 0.557 0.417 t0 0.722 0.889 0.740-0.931
Halo count 0.562 0.420 t0 0.730 0.565 0.427 t0 0.727 0.885 0.771-0.922



OGUSI&, CRP/ESR,BVAS
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Table 4 Correlation between candidate ultrasonography scores and
markers of disease activity using data from the Prognosis of Temporal

Table 3 Sensitivity to change of the candidate ultrasonography
scores using data from the Prognosis of Temporal Arteritis (PROTEA)

Arteritis (PROTEA) study
Correlation coefficient OR
Disease
ESR* CRP* BVAS remission
IMT-normal 0.48 0.43 0.37 0.34 (0.18 to
0.64)
IMT-cut-off 0.48 0.43 0.37 0.34(0.18 to
0.63)
IMT-rounded normal 0.48 0.43 0.37 0.34 (0.18 to
0.64)
IMT-rounded cut-off (OGUS) 0.48 0.43 0.37 0.34(0.18 to
0.63)
Semiquantitative 0.38 0.29 0.23 0.46 (0.28 to
0.76)
Halo count 0.45 0.36 0.28 0.43(0.28 to
0.66)

The results are reported as correlation coefficients between 24-0 weeks score
variations and 24-0 weeks variations of ESR, CRP and BVAS, and as ORs for

remission.

The magnitude of the correlation may be interpreted as follows: small: (0.10-0.30);
moderately: (0.30-0.50); large: (0.50-0.70); very large: (0.70-1.00). All correlation

coefficients are statistically significant with p<0.001 (not corrected for multiple

testing).

study
Week 1 Week3 Week6 Week 12 Week 24
(n=52) (n=42) (n=43) (n=38) (n=39)
IMT-normal -1.21 -1.43 -1.42 -2.18 -1.70
IMT-cut-off -1.16 -1.41 -1.40 -2.17 -1.69
IMT-rounded normal -1.20 -1.44 ~-1.42 -2.21 -1.69
IMT-rounded cut-off -1.19 -1.42 -1.41 -2.16 -1.69
(OGUS)
Semiquantitative -0.81 -1.11 -1.35 -2.23 -1.67
Halo count -0.51 -0.81 -1.18 -1.73 -1.62

The standardised mean difference (SMD) of interest is reported as negative values
and in units of standard deviations indicating the magnitude of change between
baseline and different time points. The values may be interpreted as follows: no
effect: (~0.2, 0), small effect: (~0.5 to —0.2); medium effect: (-0.8 to —-0.5); large
effect: (1.3 to —0.8); very large effect: (—eo, —1.30).
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