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Microvascular Findings in Patients with Rheumatoid Arthritis
- Assessed, Using Fundus Photography and Fluorescein Angiography

Hyun Jung Yeo, Ji Hyun Lee, Hong Jik Lee, Ki Sup Byun, Ho Joon Im, Min Jung Kim

Division of Rheumatology, Department of Internal Medicine, Maryknoll Medical Center, Busan, Korea

Objective. Although a series of trials support that rheuma-
toid arthritis (RA) is associated with increased athero-
sclerosis, the link between microvascular structural
changes and the disease activity of RA has not been
clarified. We measured changes in the retinal micro-
vasculature using fundus fluorescein angiography (FAG)
and investigated the association between the retinal vascu-
lature and clinical parameters of RA.

Methods. Seventy-five RA patients and sixty healthy con-
trol were included. Morphometric and quantitative fea-
tures in the capillary images including retinal vascular
signs and vessel diameters were measured with fundus
photography and FAG. RA activity was assessed based on
high sensitivity C-reactive protein (hsCRP), disease activ-
ity score with 28 joints (DAS 28), and health assessment
questionnaire (HAQ).

Results. Central retinal arteriolar equivalents (CRAE) was
118.1+31.3 #m in RA patients and 123.8£19.9 zm in con-
trol subjects, showing the tendency of retinal arteriolar nar-

rowing in patients with RA but without statistical
significance. The mean central retinal venular equivalents
(CRVE) was 162.4126.4 xm which was significantly higher
than that of control group (144.1£23.1 #m, p<0.001). The
prevalence of AVN was 34.7%, and significantly higher in
RA group. Among retinal findings, the presence of early
pinpoint hyperfluorescence and areas of delayed choroidal
perfusion correlated with hsCRP. Age, disease duration,
DAS 28, HAQ, and rheumatoid factor (RF) had no effect
on CRAE and CRVE. In multivariate analysis, only hsCRP
was found to be associated with wider venular caliber.
Conclusion. Retinal venular widening was more common
in RA patients. Retinal venular diameter had significant
correlation with disease activity of RA. Retinal imaging is
a comparative method for the assessment of microvascular
findings of RA patients.
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30~40% 5 AAstaL et (1-3). S3luh frupe| =il g

AolA e F5 g T A% T34 F4 AT A

= o

AAAR E3e dole ER4 =

E A A el Ei Il Vs
WA A=E AZE A ek (6). I3 NP9
H7t 3171 Qe okt W Sl AgE A glem
el AAZ WalE F £ EZA (pulse wave velocity),
o] I A E o)EA EAME-E(flow-mediated dilatation),
5 WZ9t 77 (intima-media thickness)2} 2t G
(retinal vascular imaging) 5| At} (7). FFUA LY
< (fundus fluorescein angiography)< ©]-&3F w=
A HRFHe R AW e 25 SAHY
e 7R e eQlolu}t did 5 w4 &
gAE = TollA AR oAlFS 913 =2 A
t} (8,9).

TS Z] A2 IS PR o] 9] AFollA] T
o] AFo] FWAs e Fo JjHo g HholFoiz|a 9}
o (10), AAZ C-HF-Z5F(C-reactive protein, CRP)Z} fi-
brinogen -2 R419] G128 bz EAAE0] Bl
kol Ads T4, HE% 43 ol AiA
Hojgtel (11,12). BH3H A5 Falel=akde] &
Ztol| A &7 8} R1sPel|l A o] 15 FAIAS] FAA S H
arof] whah vhao] Aol & Kol Ak f-o| 3t HAI7E KA
T 9k (13,14).

2 Fotel =34 ShAtel A et ko] wstE
3k 3k Aol A FhAfEell A et Al o] Shato] ] 3
gt Aol A7 A3t A L] Asd o] ckx

AR o™ (15), 1 712

o WAell FL% AR T AF5AE A
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B9 S1% o Fulelapddold BulEs Add
A3 AR F7h Sol s Yk B ATFAAE
QU Age] APYES Has] ete] ATFNEE
Aol 5 olulell FA, G, ;mAsk, AAA 7% A
o] Gl Ao ARY F Frubel 22AY Aol
A YAIAYRZGE S o] Felo] wure] mAURH HF
& Z4elglon oF 9% A% o fulelzuded 24
S5} Qo] YEAE Al FURRZ LAl o
&g mAE ARt YA B sheivk
CHAH 2
A7 9

o) Z-rulel 2 8he] E{7E (16)0l uhetl 759 Q] Fulel s
DA 3HA(53.1£11.64], 647 2] o1A)7} Fulel~ Nt
=R AU R AZHZANH 25 609 o] 77
g A DAH52.1+12.04, 518 <] oA/} dlzFoz A
ek BT A= AEA} A 87 F5 Fslo] w4

Z7-9] hsCRP= EF A

Foll A FAAE 51 d E<b), FaH
WAL ASFTE, A TlsAsSe] de
AelE dom At 370Y 3t AAGsHAE A
= AlLl= et Falel=abd el st g A7 A
< $sled A7 FE A (Health Assessment Question-
naire, HAQ) (17)2} A3} #AE H4 (Disease Activity
Score, DAS 28 [CRP]) (18)& A&kt o] A7+ U4
Al H A AL 3] (Institutional Review Board)ol]l 2]3l] 421%]
K, B dAAETEH FoE A

7 5 o3k A7k, AR obAl B-5HE HAst
o

PRAAERzGE

kA& w2 kA 7he| ek (Canon CF-1)E AH-&3fo] A|3Y
Tlgom hARE o 53 £l slollA] 0.5% tropicamide
ek Adste] TEAN ¥ 7 ws Zdslieh et
A XA A g FANE AR F A A4 &
odstgom] wetddt AL computer based program
(IVAN, University of Wisconsin, Madison)Z Z74s}3ic}. 7t
ARl o 2 BE] X417 Ake] Wil A 0.5-1 disk AF A
2| 7919 st Aule] Fefs FAsta H AL
4= "™ 2F(Central Retinal Arteriolar Equivalent, CRAE)$} %
}ut 4= vl 2F(Central Retinal Venular Equivalent, CRVE)
& AR (19). &5 &% Mol tigt B] & (arterio-
le-to-venule ratio, AVR) 3 A] F iz} A ulo] of3itx] 2] 7]
o3l Al4tstaict.

w3l getEgdeg FA™W A4 (arteriovenous nicking,

%

w82} (focal arteriolar narrowing, FAN),

o> F
ol o

X (opacification of the arteriolar wall,
E=E d7aleh FANS 45wl
PHoz, AVNS £595 7H2AE o
1

= 2o 7, OAWE FHH o g e T4 Pk

A8l kR Aoslen ol Wt Axe 153} 24

I vulaste] glg, AE, 5 TR skt (20

el gzl &S A WE 0.1 mgkg 10% sodium

fluorescein dye®t 544 Ade] 4 3 A=At ¥

ZF, wxuet agls ASEA AEY JAL fluorescein
Z£=0

dye 9 1% F 2% RE A7 B 2% AR
71 5=l 2 early pinpoint hyperfluorescence, pinpoint per-
icapillary hyperfluorescence, disc hyperfluorescence, disc
leakage, late pooling of fluorescein, late choroidal hyper-

fluorescence, choroidal striae 52 &7 55 ZA st}

A A

Ha 1247 FA F AHAE AJdskalen Srabel 2~
Q1 A} (Rheumatoid factor, RF)¥= turbid immunometry (Advia
1800, Siemens)E- AF-&3}o] cut-off >15 IU/mLE & =Fs}s}
%3t} high sensitivity CRP (hsCRP)2] &A-5 %= automated
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turbid immunometry (Advia 1800, Siemens)S Ah-&3lo] 2

Bsreet.

A &4

AR L SAZZ 22 SPSS for Windows version 12.0
(Chicago, 0% ABeto] Sefelglon At e AFE
TAAE AT vl EA A Wl dialA
+ Student T test L2832 HAAH Wl A+ chi-
square or the exact Fisher testE A]3s}dt}. w4 Ao
1344 2 Pearson correlation tests S 531 AAAGFE A4
slo] F]lelon FAITH {42 p-value?l 0.05 T

Tl w2 A elsgieh

qdH 54

T T AolellA = A eglell izt FAIF frelAlel
M TH(Table 1). Fubel =439 7 7172 2.76+
2574, Frubel =02k 3HREE] 80%0llA] kAl o1t ]
&7 T g4 704 9] 32193.3%)= prednisone (<7.5
mg/day)% B 2319131, 18.7%+ bucillamine, 39.8%+ le-
flunomide, 8.9% < tacrolimus, 4.5%+ infliximab, 3.4%+ eta-
nercept, 1.1%+ adalimumab, 13.2%3= methotrexate, L2]3L
54.2%% non-steroidal anti-inflammatory drugs (NSAIDs)E
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H23519v) ¥ DAS28 [CRP]S 2.63+1.24, %7+ hsCRPE=
9.57+12.27 mmol/Lo] g} t}.

g4A 27

AT} zToll A 9] wet vl AlE ke W3} 3h2 Table
10l] JERHQICE 37 CRAEE ShabrollA] 118.1£31.3 1m,
izl A 123.8£19.9 xmEZE ATl A AFHo| ] g=zH
Yo FAFE folA2 vERA ¢5Skth(p=0.226).
7 CRVE: 3hAFFollA] 16241264 nm&E Z7-(144.1+
23.1 pm, p<0.00D)ollA X} FAITH o2 foalA Wl
o} HF AVRE 3AlFollA] 0.70£0.080] 2 th=T-ollA]
0.69+0.08 2 - - Atololl FAISH o8 {-o]3k Kol Kol
A kgt

kAol A AVNE] HlEE 34.7% (80.8% mild, 19.2% se-
vere)Z 2] wl%x2l 13% (88% mild, 12% severe) .t}
EASH o2 =9h(p=0.017). FANY HIEE 173%
(69.2% mild, 30.8% severe) 12|31 OAWY] HIE: 37.3%
(75% mild, 25% severe) 2 273} EA|E2 X}o] & Hol
A %krh(Table 1). AFEAE Al FeEle ATLE
AVNQ] §of ule} 2719 &£1F 2o & 59 ch(Table 2).
AVNE 7HA L Q& A= 28 A ¢k Akl ul3)
vho|7b wokel. 71 Fubel 2904k S5 AVN
o] -9 AdA ol §ldelk AVNE 7HA 3 9l SRS

Table 1. Clinical characteristics and parameters of the retinal vascular changes of the study population

RA patients (n=75) Control (n=60) P

Age, yrs 53.1£11.6 52.1+12.0 0.63
Female, n 64 (85%) 51 (85%) 0.99
BMI, kg/m’ 22.6%6.4 22.5+8.5 0.87
Disease duration, yrs 2.812.6

Systolic blood pressure, mmHg 125.3£11.9 122.3£8.9 0.18
Diastolic blood pressure, mmHg 81.6+11.3 80.4+7.8 0.25
Total cholesterol, mg/dL 198.2£29.7 186.7£22.3 0.23
HsCRP, mmol/L 9.6+12.3

DAS-28 2.6+1.2

CRAE, rm 118.1£31.3 123.8£19.9 0.23
CRVE, 1m 162.4£26.4 144.1£23.1 <0.001
AVR 0.70£0.08 0.69+0.08 0.68
AVN, n (mild/severe) 26 (21/5) 8 (7/1) 0.02
FAN, n (mild/severe) 13 (9/4) 9 (8/1) 0.53
OAW, n (mild/severe) 28 (21/7) 19 (19/0) 0.31
Fluorescein angiography features, n

Early pinpoint hyperfluorescence 13 (17%) 2 3%) 0.01
Areas of delayed choroidal perfusion 3 (4%) 2 3%) 0.07
Pinpoint peripapillary hyperfluorescence 3 (4%) 0 (0%) 0.17
Disc leakage 3 (4%) 0 (0%) 0.19
Late pooling of fluorescein 2 (3%) 0 (0%) 0.31
Disc hyperfluorescence 1 (1%) 0 (0%) 0.56
Late choroidal hyperfluorescence 1 (1%) 0 (0%) 0.56

RA: rheumatoid arthritis, BMI: body mass index, CRAE: Central retinal arteriolar equivalents, CRVE: Central retinal venular equivalents,
AVR: arteriole-to-venule ratio, AVN: arteriovenous nicking, FAN: focal arteriolar narrowing, OAW: opacification of the arteriolar wall.
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92 2ol vl hsCRP9} DAS28 [CRP|7} =
g}\gj\x]t‘rl— EAA 0 2 §-oAHL 9i9ic) od.vl—
T3] W 271 FFNA 9] early

pinpoint hyperﬂuorescence gk o2 '3 A

LuA

+ delayed
choroidal perfusion, pinpoint peripapillary hyperfluorescence,

Z128] 3L late pooling of fluorescein©] A th(Table 1).

Table 2. Characteristics of RA patients with and without AVN

RA patients RA patients
with AVN  without AVN p

odd <

o} 273 FulgagAd W ARSI B

gt dke] 2 7ol 1, 54717, DAS 28 [CRP], HAQ
el 3 Fubel2elA ol glglom ©A) hsCrPRYe]
CRVE®} <ko] AdaiAl7E U tHR=0.438, p<0.001)
(Table 3). That AW 24 S of] ule} DAS28 [CRP] 5.1 o]+
ol F(H)I 5.1 wlgrel F(70) o2 hro] Kok w)

Table 3. Correlation coefficients (p-value) between the para-
meters of retinal vascular diameter and clinical parameters of RA
group (n=75)

(n=26) (n=49) CRAE CRVE
Age, yrs 56.8+13.2 51.0+10.3 0.04 Age 0.021 (0.81) 0.037 (0.67)
Disease duration, yrs 3.36+3.31 2.45%2.06 0.22 Duration 0.036 (0.76) —0.021 (0.86)
hsCRP mmol/L 12.44+1523 10.6+12.72  0.58 hsCRP 0.328 (0.15) 0.438 (<0.001)
Rheumatoid factor, IU/mL 70.72+£72.62 71.86£101.60 0.96 Rheumatoid factor 0.159 (0.18) 0.178 (0.13)
DAS 28 2.86+1.34 2.52+1.18 0.26 DAS 28 —0.027 (0.82) —0.062 (0.60)
HAQ 0.51+0.99 0.43+0.58 0.31 HAQ 0.158 (0.18) 0.138 (0.24)
All values are presented as mean+SD. RA: rheumatoid arthritis, RA: rheumatoid arthritis, CRAE: central retinal arteriolar

AVN: arteriovenous nicking, hsCRP: high sensitivity C-reactive
protein, DAS 28: disease activity score (28 joints analyzed),
HAQ: health assessment questionnaire.

equivalents, CRVE: Central retinal venular equivalents, hsCRP:
high sensitivity C-reactive protein, DAS 28: disease activity score
with 28 joints, HAQ: health assessment questionnaire.

Table 4. Correlation coefficients between FFA features and clinical parameters of RA group (n=75)

Disc leakage

Late pooling Disc Late choroidal
of fluorescein hyperfluorescence hyperfluorescence

. .. Areas of delayed Pinpoint
Early pinpoint . L.
hyperfluorescence ChorOI.d al peripapillary

perfusion hyperfluorescence
Age 0.201 (0.053)  0.194 (0.095)  0.058 (0.621)
Duration ~ —0.053 (0.651) —0.115 (0.331) —0.034 (0.773)
hsCRP 0.341 (0.003)  0.257 (0.027)  0.099 (0.399)
Rheumatoid  0.037 (0.754)  0.069 (0.562)  0.065 (0.579)
factor
DAS 28 0.046 (0.700)  0.312 (0.070)  0.022 (0.852)
HAQ 0.176 (0.134)  0.145 (0.219)  0.094 (0.423)

0.111 (0.342)
—0.088 (0.457)
0.184 (0.117)
0.005 (0.968)

0.058 (0.648)
0.006 (0.963)

0.136 (0.246)  0.050 (0.971)
—0.115 (0.330) —0.103 (0.383)
0.272 (0.019)  0.196 (0.094)
0.080 (0.490) 0.075 (0.527)

0.086 (0.468)
0.167 (0.156)

0.035 (0.767)
0.030 (0.080)

0.090 (0.441)
—0.049 (0.676)
0.006 (0.958)
0.145 (0.219)

0.192 (0.101)
0.167 (0.156)

FFA: fundus fluorescent angiography, RA: rheumatoid arthritis, hsCRP: high sensitivity C-reactive protein, DAS 28: Disease Activity

Score with 28 joints, HAQ: Health Assessment Questionnaire.

Table 5. Multiple linear regression analysis of CRVE and parameters of arterial stiffness of common carotid artery in RA groups

CRVE (R’=0.245, adjusted R*=0.177 in multivariate analysis)

Univariate analysis

Multivariate analysis

Coefficient (/3) 95% CI P R? Coefficient (3) 95% CI P
Age 0.077 —0.358 to 0.706 0.516 0.006 0.005 —0.497 to 0.518 0.967
Disease duration —0,021 —2.629 to 2.195 0.858 —0.013 0.004 —2.289 to 2.363 0.975
hsCRP 0.438 0.443 to 1.265 <0.001 0.181 0.456 0.411 to 1.366 <0.001
Rheumatoid factor 0.178 —0.015 to 0.117 0.130 0.018 0.198 —0.005 to 0.118 0.070
DAS 28 —0.062 —6.324 to 3.665 0.597 —0.010 —0.136 —8.357 to 2.577 0.295
HAQ 0.138 —3.234 to 12.582 0.243 0.005 0.008 —9.305 to 9.881 0.952

RA: rheumatoid arthritis, CRVE: Central retinal venular equivalents, hsCRP: high sensitivity C-reactive protein, DAS 28: Disease Activity

Score with 28 joints, HAQ: Health Assessment Questionnaire.
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DAS28 [CRP]7} 5.1 o]l ¥ CRVEE 206.4+10.74 x«m
Z DAS28 [CRP]7} 5.1 w]ukel 2] 158.63+24.96 ;mXM.ch
frolshAl WA chp=0.002). 2t &7 Foll A& early pin-
point hyperfluorescence®} areas of delayed choroidal perfu-
sion®] §-77} hsCRPS} ed o] Y th(Table 4). v ZF 3]
7] E4 ol A= hsCRPRro] Z7}El CRVES 7|0t Q17
2 T = Y ck(Table 5).
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o AToll4l Sl wute] o4 7 ) vl Wske] Wl
87} Frrrel Aol o W] BE A, wa o]

a5 %) AEr} Fubelagade] #Ewe} Haol
A Stohata siek, 4ot @ el 5ol 72
o HAE HHEHeE ¥ F Uk 5AE

ol Qlall mlAl #8he] o3-S ATY A Ol%ﬂcﬂ o

of g W nYe g, wAEFY gL

fr

2 ol wazal shekoll A PAE e e 6, 4
me] g gl TR v vt add), HEF Y E
< A% ALET Hado] Jvka Bt (24). w3 3
Aol Qe A% e el Yol B w4,
ot =9, A 59 ol &7del ¥ vl fE
(25,26). 7Rt E3ke| o] o] A A3t EAt
383k, 3153 von Willebrand factor 53} Z+&H o] Qlul=
Hue wet g3ke] o) 4yt T skEate] BAIE A
shA| ghet (26). o] o= W Pk A3y} et o
o] &7e] HFHo] ke Kk Ut 27).

B QAFollA & Fubel = ghafollA] et o] T
FgAElo] glom o] AE7} od= Axe} Ao] Q= A
o
=

& Fleloleh. ool Wt Aol A3 S E
o BAE L G2 ATEAAE Pop Pule] Hgo] e
A% EA%, FUsEE U FUPRZH Bl vk

A& HolFT (28.30), W Wet M| $go] hsCRP
S} e A% A W B B A o] gk 1
IE 9}t 22). 2 flollE B odFoll A hsCRP= early
pinpoint hyperfluorescence®} areas of delayed choroidal per-
fusion®] 7 dgto] Qi) ASA A3 735 2t
7 e n Zuo] whal M rAbE] 2 odZo| R3elA Hw

o] 7l o] early pinpoint hyperﬂuorescencei UelUA =2
(31) hsCRP®} Qdte] glegle} Azbgct. rgh el o

e
W) AR uGe] £ kel 4 sl e
A4t AZol % ot BE, B2 AF BAS o4
weteh d3e] Hip A A= R 735l 2
Uehd 4= 9lo] hsCRPEF ddTo] & S5 glozlz A7
S (32) o159 ARIAIE B ATE obF glo] 71
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Ql A7t deslelel AyzEc

Fotel =] ghatollA] wuh dpe] wiskE #F
Van Doornum 5 (15)8] 1ol w2 9 A] $kx}ollA]
ak o] gato] w1 wut A ule] 272 DAS289)
453t Feol ekl A A skl o1 hsCRPO}] A&
WA= Fgrh B AFoA = gt &7 DAS28
[CRP] 7+e] f-o]Ado] #A=A] ¢kstont AW RS
DAS28 [CRP] 5.1 o]4FQl £} 5.1 wlukel Fo & 1}3o]

H9kS w] DAS28 [CRP]7} 5.1 o] 4+l iLA CRVEX 206.4+
10.74 mZ DAS28 [CRP]7} 5.1 w]uFel 2] 158.63+24.96
pmBEel FsHA YA Bk B Aol Ad
I Age] RS H43kely] ekl AFHEE Aol
5= 59 ool ¥l B, ¥k, 4 715 Astsol
A= Ako = Ak 6P°2HU4 o] Z I3l aE o} 4 7]
7ro] SeN® sAtSo] A|9)=9 3 DAS28 [CRP]Z} 5.1 ©]
Apol 3lzte] Sev) sHo g, Eakw 3papre] AW AT
7b el =2 skl % AW A=V 2 3E Y
Bro] E33t 7t Ayt destelet AgE

B o] Aol A PEE = e A
AL WA & gkor) A sdollA] FuksE |
S HES o Z I3k ul A H3ke] Wiz}, &2 Fule|
of Al FxkEl= AdH A xS I 55 17
2 383 & g ok B Ao s AdH Ak
55 FH 43k H*PO% ATFHEE Holx 54
gold, 3, ¥k, A4 7l Asksel gle
Z Algrslict. #3709 U] statino] U} fibrate$} 22
AAsAE AL AL AQ=E Y=l ol kA
AHg A A Ak ¥ AR dEA 7] witel
t}. o] £ 2l3] Van Doornum®] 1ol A HF 0|3}l 7] 7to]
9dRl Aol vlsle] B Ao A5 FF o Z o3
717ko] A JEE A B Ayt AT it HE AR
A Azl f1ge] gle Ao E Algsl ol gk
Ap-of| A el A ul o :6;1]—7(()]—01 DxE| 31 el Al 2 A o)
hsCRPS} 1218t BA7L vk AaE HolF AL 7ot
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S Bo] Q= Helstar gt ko] Wstke] A
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