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Evaluation of the Effect of Intravitreal Ranibizumab
Injection on Cardiac Ischemic Parameters and Vascular
Endothelial Function

Intravitreal Ranibizumab Enjeksiyonunun Kardiak iskemik Parametreler ve
Vaskiiler Endotelyal Fonksiyon Uzerine Etkilerinin Incelenmesi

Arzu Seyhan KARATEPE', Mustafa ATAS', Altan GOKTAS®, Bahadir SARLF, Ahmet GULHAN', Gokmen ZARARSIZ*

ABSTRACT

Purpose: To evaluate the effect of intravitreal ranibizumab injection on cardiac ischemic parameters and vascular endothelial function.

Methods: This observational, prospective case series included 30 patients with age-related macular degeneration (ARMD), 24 patients
with diabetic macular edema (DME) and 30 control cases. All participants received intravitreal injections of 0.5 mg ranibizumab in
ARMD and DME groups, but control groups participants were not given intravitreal injections. Cardiac ischemic parameters including
total creatinine kinase, creatinine kinase-MB and endothelial function measured with flow-mediated dilatation of the brachial artery
with two-dimensional and Doppler ultrasonography were evaluated before and 1day and 1 month after the injection.

Results: Mean age of the ARMD patients was 67.80+5.67, DME was 65.42+7.12, control group was 67.33+5.70 (p:0.431). LDH,
AST and ALT values were found lower at 30th day after injection in DME group. Myoglobin values were found lower at post-injection
period in ARMD group. Ranibizumab is observed to have affected LDH, AST, ALT and miyoglobin. Despite the statistically significant
FMD values in ARMD and DME groups, percentage FMD values showed no statistically significant differences.

Conclusions: Besides its antianjiogenic action, ranibizumab was shown to display distinct effects on endothelial cells in in-vitro stud-
ies. On the contrary, we did not observe any significant change in vascular endothelial function. Furthermore, knowledge of the effect
of ranibizumab on cardiovascular system was generally recruited from the retrospective studies. So our prospective study confirms that
intravitreal injections of ranibizumab were not associated with significant risks of myocardial ischemia.
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Oz

Amag: Intravitreal Ranibizumab enjeksiyonunun kardiak iskemik parametreler ve vaskiiler endotelyal fonksiyon iizerine etkilerinin
degerlendirilmesi

Gerec-Yontem: Gozlemsel, prospektif olgu serisi olan bu caligmaya yasa bagli makula dejenerasansi (YBMD) olan 30 hasta, diyabe-
tik makiiler 6demi (DMO) olan 30 hasta ve 30 saglikli kontrol olgusu dahil edilmistir. YBMD ve DMO olan biitiin hastalara 0.5 mg
ranibizumab intravitreal olarak uygulanmistir. Kontrol grubundaki katilimeilara ise intravitreal enjeksiyon yapilmamistir. Enjeksiyon
oncesi ve enjeksiyondan sonraki 1. giin ve 1. ayda; total kreatin kinaz, kreatin kinaz —-MB’yi de iceren kardiak iskemik parametreler
istenmis ve endotelyal fonksiyon, akim aracili dilatasyon 6l¢lim metodu ile 2 boyutlu ve Doppler ultrasonografi araciligiyla brakial
arterden bakilmistir.

Sonuglar: Ortalama yas, YBMD grubunda 67.80+5.67, DMO grubunda 65.42+7.12 ve kontrol grubunda 67.33+5.70 ‘dir (p:0.431).
LDH, AST ve ALT degerleri enjeksiyon sonras1 30. giinde DMO grubunda daha diisiik bulunmustur. Myoglobin degerleri YBMD gru-
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bunda enjeksiyon sonrasinda daha diisiik tespit edilmistir. Ranibizumab’in LDH, AST, ALT ve miyoglobine etkisi oldugu goriilmistiir.
FMD degerleri YBMD ve DMO grubunda istatistiksel olarak anlaml1 diizeyde farkli iken, FMD yiizdelik degerlerde gruplar arasi fark

saptanmamigtir.

Tartigma: Antianjiojenik 6zelligi olan ranibizumabin invitro ¢alismalarda endotel hiicrelerini de etkiledigi gériilmiistiir. Ote yandan,
biz ¢alismamizda vaskiiler endotelyal fonksiyonda herhangi bir farklilik saptamadik. Ek olarak ranibizumabin kardiovaskiiler sistemi
etkiledigi onceki ¢aligmalarda ortaya konmus olsa da biz prospektif bu ¢alismada ranibizumabin miyokard iskemisi ile anlamli dl¢lide

iliskisi olmadigini gosterdik.

Anahtar Kelimeler: Ranibizumab, kardiak iskemi, vaskiiler endotelyal fonksiyon

INTRODUCTION

VEGF was first isolated in 1983 as a factor to increase
vascular permeability. It plays a role in pathological angi-
ogenesis and embryonic vasculogenesis. VEGF levels rise
in response to hypoxia and angiogenic response that occurs
with low oxygen pressure. There are five forms of VEGF:
A,B,C,D, and E. Placental growth factor (PIGF) is also con-
sidered as a member of VEGF family. Among subtypes of
VEGF, VEGF-A is the most important one, playing a sig-
nificant role in the formation of pathological angiogenesis
in neoplastic, inflammatory, and vascular eye diseases. Ex-
cessive release of VEGF-A can be observed in lung, breast,
bladder, and kidney cancers and in many tumors such as
glioblastoma multiforme. In different studies, VEGFs have
been shown to play important roles in the pathogenesis of
neovascular eye diseases. Increased VEGF expression has
been shown in surgically removed choroidal neovascular
membranes of the patients having wet age-related macular
degeneration. Excessive release of VEGF-A has been ob-
served in eyes with subretinal neovascularization, diabetic
retinopathy, central retinal vein occlusion, iris neovascular-
ization, retinal detachment, and retinopathy of prematurity.
Relationship between pathological ocular neovasculariza-
tion and increased VEGF-A level has led testing anti-VEGF
therapies, and successful results were achieved.'”

Ranibizumab (LucentisR ; NovartisPharma AG, Basel,
Switzerland and Genentech, Inc., South San Francisco, CA,
USA) was approved by the FDA in 2006 for use in wet mac-
ular degeneration.* Subsequently, the FDA approved its use
also for diabetic macular edema, branch and central retinal
vein occlusions. Ranibizumab has been approved in our
country since 2008 and has been widely used for aforemen-
tioned diseases.*”

The efficacy of intravitreal Ranibizumab treatment has been
recognized for many retinal diseases today, while many top-
ical and systemic side effects related to the treatment have
been reported in several studies. Systemic side effects due to
intravitreal use of AntiVEGF drugs include arterial throm-
boembolic events (ATEs), venous thrombosis, hyperten-
sion, nonocular hemorrhage, gastrointestinal disorders, and
death.'*12

However, in these studies, only the incidence of side effects
has been reported. Laboratory measurements such as cardiac
enzymes and endothelial function have not been compared

between the control group and anti-VEGF-A-treated group.
The aim of this study was to compare the effects of intravit-
real application of ranibizumab, which is an anti-VEGF-A
agent, on biochemical parameters and endothelium in pa-
tients with wet age-related macular degeneration and dia-
betic macular edema by means of laboratory measurements.

METHODS

This study was conducted in the Ophthalmology and Cardi-
ology clinics of our hospital, in accordance with the Decla-
ration of Helsinki, and after obtaining oral and written con-
sents of the patients. This observational, prospective case
series included a total of 30 patients with age-related macu-
lar degeneration(ARMD), 24 patients with diabetic macular
edema(DME), who were injected Ranibizumab intravitre-
ally and 30 control cases, who were not given intravitreal
injections but whose blood samples were taken and FMD
test were done at three time points.

To diminish any confounders that might influence endotheli-
al function, patients with previous coronary arterial disease,
previous cerebrovascular or peripheral vascular disease, hy-
pertension, renal failure, liver dysfunction, hyperlipidemia,
chronic systemic disease including auto-immune diseases,
smoking history and patients using anti-hyperlipidemic
drugs, those with glaucoma or intraocular inflammatory dis-
ease and those underwent ocular surgery or ocular injection
were excluded. Sixteen diabetic patients have used only oral
antidiabetic agents, 6 diabetic patients have used oral antidi-
abetic agents with insulin treatment and 2 diabetic patients
have used only insulin treatment. The ARMD patients did
not use any medications.

Systemic eye examination and routine biochemical tests
were ordered for all patients included in the study prior to
injection of ranibizumab. Blood pressures and pulse rates of
the patients were also recorded. Cardiological examination
was performed by an experienced cardiologist and also en-
dothelial function was measured by ultrasound. Endothelial
function was assessed by FMD (flow-mediated dilatation)
method.

According to this method, diastolic diameter of the brachial
artery was measured at the antecubital fossa with a high-fre-
quency (7-13 MHz) ultrasound probe, and then to induce
ischemia, the cuff of the routinely used blood pressure
measuring device was attached to the patient's arm, systolic
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blood pressure was increased over 50 mmHg and kept so, as
inflated for 5 minutes. At the end of the 5 minute period, the
measurement was repeated at antecubital fossa. Percentage
change in diameter compared to baseline measurement was
assessed as FMD. Then, all patients were given intravitreal
injections of 0.5 mg ranibizumab. Routine eye examination,
biochemical tests, cardiological examination and endothe-
lial function measurements with Doppler ultrasound were
repeated 24 hours and 30 days after injection.

Statistical Analysis

Shapiro-Wilk’s test was used to assess the data for normal-
ity and Levene’s test was used for variance homogenei-
ty. Between group comparisons were performed by using
Kruskal-Wallis analysis followed by a Siegel-Castellan mul-
tiple comparison test and between time comparisons were
done by using Friedman analysis followed by a Bonferroni
test of variance. Values are expressed as median(25%-75%
percentiles). Values are expressed as median(25th-75th per-
centiles). Analyses were performed using R 2.15.0 software.
p<0.05 was considered as statistically significant.

RESULTS

Mean age of the patients was 67.80+£5.67 for
ARMD, 65.42+7.12 for DME and 67.334+5.70 for control
group (p=0.431). ARMD group constituted 14 female and 16
male patients, DME group 12 female and 12 male patients,
and finally control group constituted 16 female and 15 male
cases (p=0.977). Cardiological examination revealed no dif-
ference between pre-injection and post-injection.

In DME group, FMG (Fasting Blood Sugar) and total cho-
lesterol values were found higher, but MCV(mean cell vol-
ume) was found lower than the other groups at pre-injec-
tion and post- injection period. AST (aspartate aminotrans-
ferase), ALT (alanine aminotransferase), LDH (lactate de-
hydrogenase) values at day 30 were lower than pre-injection
values in DME group. FMD and FMD pressure decreased at
day 30, however FMD percentage displayed no statistically
significant difference in DME group.

The FMD, FMD pressure, BUN (blood urea nitrogen) , to-
tal cholesterol values were found higher and the FMD per-
centage values were found lower at pre-injection period in
ARMD group. In ARMD group, the Myoglobin values were
found to decrease, but the FMD and the FMD pressure were
found to increase in timeline. However FMD percentage
displayed no statistically significant difference in ARMD
group as DME group in timeline. Other biochemical meas-
urements displayed no statistically significant differences.
The pre-injection and post-injection FMD percentage values
did not differ statistically (Table 1). Differences determined
in FMG, ALT, total CK and FMD measurements were only
statistically significant, but not clinically relevant. Pre-treat-
ment and post-treatment values were very close to each oth-
er at all the measurements.

DISCUSSION

Ranibizumab is a humanised monoclonal antibody fragment,
that is a Fab fragment, produced in Escherichia coli cells
by recombinant DNA technology. It binds to all isoforms
of VEGF-A (e.g. VEGF110, VEGF121 and VEGF165) with
a high affinity and prevents binding of the VEGF-A to en-
dothelial surface receptors VEGFR-1 and VEGFR-2. Thus,
it reduces endothelial cell proliferation, vascular permeabil-
ity and angiogenesis.'?

Besides ranibizumab, bevacizumab and pegabtanib sodium
are intravitreal anti-VEGF drugs possessing similar mecha-
nism of action. When we consider these Anti-VEGF drugs
as a group, adverse effects can be generalized in the group,
as well. As an example to systemic use of Anti-VEGF drugs,
bevacizumab, which is an Anti-VEGF agent and used in-
travenously for colorectal cancer agent, shows serious sys-
temic side effects such as arterial thromboembolism, gastro-
intestinal perforation, hemorrhage, hypertensive crises, and
nephrotic syndrome, as reported in various publications.
However, these patients were receiving concurrent chemo-
therapy.!*!> Other studies using this therapy intravenously
for ocular disease in a healthier population have not reported
nearly the same risks.!*!” Many studies have been conduct-
ed to examine whether these side effects associated with the
systemic use of anti-VEGF drugs also occur in intravitreal
applications. '8!

After intravitreal administrations, very low systemic con-
centrations (pg/ml) of ranibizumab have been reported,
while it was suggested that anti-VEGF-A treatment may
cause adverse events associated with the normal growth,
repair and regeneration as a result of entering to the circula-
tory system.?

Thus, according to the Antiplatelet Trialists’ Collabora-
tion (APTC) (1994) classification, the incidence of hyper-
tension and thromboembolic events and its relationship
with systemic inhibition of VEGF-A should be investigat-
ed in research studies. In the MARINA study, 12 and 24
months data showed similar incidence rates of hypertension
and arterial thromboembolic events compared to the con-
trol group. Accordingly, the incidence of the main arterial
thromboembolic events such as myocardial infarction and
ischemic or hemorrhagic stroke, was found to be compati-
ble with the AMD patients in general populations in sever-
al studies.* 2?7 In our country, ranibizumab have reported
as a safety treatment with no systematic complications in
many studies.?®3> On the other hand, some studies suggest-
ed compared with placebo, systemic thrombotic events also
occurred more often in all anti-VEGF treatments.**37 Sev-
eral studies have shown higher rates of these adverse effects
in using bevacizumab compared to ranibizumab, although
other studies have indicated no significant differences in
terms of systemic side effect profile of these two drugs.!? 3%
42 These studies reporting no significant differences for side



113

Karatepe et al.

25-110-116

’

7,

Ret Vit 201

‘(sdnoa3

19130 ueyy dnoid gNQ ur 19y31y AJ[Bo1S1EIS PUNOJ 919M SaNJeA D] ‘SIN[BA [eSeq Ul ‘Qoue)sul 10J) sdnoid Suowe saOUIIP JuLOYIUSIS A[[EONSIIEIS SOIBIIPUL MOI B Ul SOSBI IOMO] JUAII(] "(SAn[BA ** ()¢ pue [eseq uey) - |
ur Joy31y AJeonsne)s punoj 21om sanjea Hg, ‘dnois ARy Ul ‘9ouejsul 10J) Sowr) SUOWE SOIUAIIIJIP JULOYIUSIS A[[BI1S1BIS SOJBIIPUL MOI B Ul S3sed 1addn juaiopji “(se[nuadiad yig/-yigz)ueipau se passaidxa are sanjep

qe'y ey qe‘'y Qv ey Qv ey ey ey
(6 11-69)€°8 (6'01-€9)¥'8 ($'8-6'5)8°9 (€01-v9¥9 (To1-T9)$'L (9'8-9'7)0°S (9°€1-89)8'6 (6°€T-8'9)L°0T (6'€1-0°L)0TT (%) A4
Qv Qe vy vV qd Qv qe'd vgv vy
(€16-€LE0 9 (8°€5-8°LE)0'LY ($°€5-€'9€)0°9% ($'19-5°9%)0°8S (0'%9-0'9%)0°8S ($'19-0'9%)0°LS (0°CS-0°LY)0" 61 (0°2$-0'9%)0°8 (0°2S-0°€1)0" 8% InssaId ANA
Qv ey By gy Qg R qe‘q egy ey
(0°SH-8°€€)0° ¥ (0°9%-0v£)0 1 (8°67-€°€€)0° 11 (0°L$-S"TH)0°SS (0°LS-071)0°SS (S°LS-STH0+S (0°6¥-0'11)0" ¥ (0°6%-0'0%)S € (0°67-0°LE)0" €Y ana
ey By By ey ey By By ey ey
(8'162-S700)5°sST | (0162-5'S12)0°9¢T | (0'2LT-€TI1D0LET | (0°02€-0'891)0°EIT | (0°TT€-0991)0°9€T | (0°862-0'8L1)0°82T | (0°SS2-0'802)0°0¢T | (0°TST-0°S02)0°0€T | (0°192-0'S00)0°SHT I'ld
Qv qQV qV Qv qe'y qe'y ey ey ey
(L'88-7€8)8°S8 (T68-1+8)1°88 (£68-618)8'98 (+'06-0'58)0°L8 (€16-0°$8)¥°88 (+'16-098)€°88 (8°€6-8'88)0°16 (8°€6-0'68)0°16 (9°€6-5°68)6°06 ADIN
ey ey By ey ey By e'g ey ey
EPI-SEDSHI (TST1-6'€9H1 LST-TYD8 ¥I 091-0v16 t1 (8ST-0vDL YT (6°ST-S EDLHT O ST-LyDTST (O ST-L+1)0°ST (9°ST-L'¥1)0°ST urqo[SowdH
ey ey ey eg e'g ey e'g ey ey
($'9€-9°61)S°LT (0'2€-0'12)6°8C (TLESTD6'LT (0'9t-0°52)$"8¢ F'St-6+v0)1°6€ (€€S-T60)T Y (9°65-6'12)9°€C (1'€9-0'12)L"8T (9°79-S' 108 1€ uIqo[30ATIAl
ey ey ey ey ey ey ey ey ey
(S9T-€6)0°€T (89T-€8)0°€T (€02-€6)071 (0'81-0'6)0°CT (0°LT-0°01)0°ST (091-0'L)0#1 (0'81-0'TNS'ET (0'81-0'ZNO'ET (0°81-0°01)0'+T IO
ey ey By ey ey By e'g e'g ey
(S'IE1-STh)S €8 (0°901-$'8+)0°0L ($°S€1-5'69)0+8 (0'9t1-0'99)0°L8 (0'8€1-0'99)0°6L (0°091-0'$9)0°86 (0'701-0'65)0°S8 (0'201-0'99)0°L8 (0'901-0'89)S'16 3D [BI0L
o) qe‘'g qV ey Qv qe'y ey ey ey
(SvTT-8'691)0°€8T | (0 THT-€081STIT | (€692-€T61)S°STT | (0°SLT-0'L910°61T | (0°LET-0'681)0+CT | (0'THC-0'T81OTIT | (0°902-0'9LT)0FST | (0°861-0°9L1)S 08T | (0°TOT-0'TLI)O'8LT Ha'1
ey By By ey ey By ey ey ey
(8°€TT-S'611)S0ST | (8°L82-8TITSTIT | ($°€52-5°68)0°S9T | (0°92C-0'621)0°091 | (0481-0'STNOTLT | (0°€81-0°0¥1)0°8ST | (0°0L1-0°0€1)S"€FT | (0°081-0'9C1)STST | (0°0LI-0°STIIS THT IPLIASLLY,
e'g ey ey Y ey ey e) e'g ey
(8'%S-€LES LY (8°09-0'6£)S°€S (£79-6'8€)S+S (0°1$-0°1H)0°9 (0°€$-0°0%)0"8 (0°$5-0°01)0°8% (0°$5-0'6£)0°1S 0'19-0Th)StS (0°€9-0'TH)S 9S TAH
ey ey ey ey ey ey ey ey ey
(S ep1-$'79)0°€TT | (0'8ET-€STNO8TT | (8°8T-STIT0°0ZT | (0°L¥T-0701O'8TT | (0°LFT1-0'601)0+CT | (0°S¥T1-0'€0DOFIT | (0°4CT-0+01)0ZIT | (0°02T-0'701OTIT | (0°€ZT-0'901)0°0TT s (g
Qv qVv qV qQV qV qVv e'g e'gy ey
(8'LTT-8'T81)SH0T | (S'L1T-8'902)S°TIT | (£TTT-S'661)$T0T | (0°£2T-0'081)0°80T | (0°62T-0'€61)0°S0T | (0°STT-0'881)0°10T | (0°00T-0'8L1)0°061 | (0'861-0°081)0°061 | (0°961-0°'8L1)0 161 [019)S3[0Yd[BI0],
ey ey ey ey ey ey o) e'g ey
(0'2$-0'T0)0'tC (819-8°L1)0°CT (0¥$-€00)S+T (0°8€-0'02)0°ST (0°0%-0'0)0°ST (0°€¥-061)0°9T (0°0€-091)S°0T (0'82-0'¥1)0°6T (0°92-0'S1)0'ST 199
e'q e'gy qV ey ey qey ey ey ey
($'82-S21)0'81T (0°62-€91)0°0T (8°2€-€°L1)S 0T (0°61-071)0°91 (0'8T-0¥1O'LT (0°02-0'STO’LT (0°LT-0°E1)S'ST (0'81-0°€1)S'ST (0°LT-0°€1)0°9T LTV
e'g gy ey ey ey ey ey ey ey
(0'12-091)$°81 (€¥T-€L1)00T ($°€2-0'61)S°0C (0°ST-0'61)0°€C (0°$T-0°61)0°CC (0'%2-0'02)0°1¢C (0'92-0'81)0°0¢ (0°92-0°81)S°0T (0'L2-0°L1)0°0T LSV
ey ey ey ey ey ey ey ey ey
(8°0-9°0)L°0 (6'0-9°0)8°0 (6°0-9°0)L°0 (0'1-L°0)6°0 (I'1-8°0)6°0 (I'1-9°0)6°0 (6°0-L°0)8°0 (6'0-9'0)8°0 (6°0-L°0)8°0 uIIn LI
qe'y qe'y qe‘'y Qv Qv Qv By ey ey
O 10+ 1DS LT (€TT-€H1S 9T (8°0T-€°€1)091 (0°0Z-0+1)0°81 0'12-091)0°61 (0'12-091)0°81 (0°91-0°€1)0°ST (0'91-0+1)0°ST (091-0%1)0°91 NNg
Qv qQV qV ey e'g ey ey ey ey
(0'9p€-€'5L1)OLET | (8°65€-6'851)S°STT | (0°T8€-€°LSTIS'LEE | (0°601-0'68)0°SOT | (0°6£1-0'L0T)0'ECT | (0°€0T-0°€8)0°88 (0°901-0'98)0°86 (0'901-0'98)$°€6 (0'801-0'%8)$'S6 44
0€ I [eseq 0€ I [eseg 0€ I [eseg
HAINA aAnNgv [0u0) SO[qELIBA
°I 219vL




114

Cardiac Ischemic Parameters and Vascular Endothelial Functioni

effect occurrence between patients on treatment and control
groups were all incidence studies.

Several in vitro studies have confirmed that VEGF-stimu-
lated proliferation of retinal or choroidal endothelial cells
is inhibited by ranibizumab or bevacizumab.*** To the best
of our knowledge, up to this present study, the studies ex-
amining the potential changes in biochemical markers, such
as CK, which is determined to be related with cardiovas-
cular events; and ALT, GGT, and cholesterol levels, which
are thought to be related with cardiovascular events, follow-
ing administration of anti-VEGF drugs are not available in
the literature. Furthermore, any study evaluating the effects
of anti-VEGF drugs on arterial endothelial functions is not
available in the literature.

As it is well known, arterial endothelial dysfunction is one
of the key early events in atherogenesis, that can lead to
structural atherosclerotic changes. Following intra-arterial
infusion of pharmacologic substances which are known to
increase the release of endothelial nitric oxide, endotheli-
al functions can be determined by measuring vasomotor
functions in coronary arteries and in the periphery. These
invasive methods are ineligible to be used in the studies
dealing with asymptomatic subjects, which can be seen as a
disadvantage. Thus, noninvasive tests have been developed
to evaluate endothelial function. One of the most common
of these invasive tests is an ultrasound-based method, meas-
uring arterial diameter in response to an increase in shear
stress, which can induce endothelium-dependent dilatation.
Endothelial function assessed by using this method revealed
a significant correlation with the invasive testing of coro-
nary endothelial function, as well as a correlation with the
severity and extent of coronary atherosclerosis.*’

In our study, we examined the effects of antiVEGF drugs
by using FMD method, both on certain biochemical param-
eters and also on endothelial function. Especially total CK,
GGT and cholesterol levels, which may be associated with
cardiovascular diseases, and FMD percentage values did not
show any clinically significant differences -*°. Statistically
significant LDH, AST and ALT values was found in DME
group. LDH, AST and ALT values were lower at 30th day
after injection in DME group. Myoglobin values were found
lower at post-injection period in ARMD group. Ranibizum-
ab could have affected LDH, AST, ALT and myoglobin or
it is possible that Ranibizumab may not have any influence
on LDH, AST, ALT, and myoglobin. However, this is not
a certain factor that increases cardiovascular risk. Because
the increase in cardiovascular risk is correlated with the
increase in these enzymes, but these enzymes decreased
following injection of ranibizumab, in our study. We have
hypothesized that the statistical significance determined in
LDH, AST, ALT and miyoglobin values can be related with
the small number of the study group, and with slight varia-
tions detected in the values of a few patients. Despite the

statistically significant FMD values, the percentage FMD
values showed no statistically significant differences, which
is considered as the clinically most important parameter for
endothelial function.

As we mentioned previously, ranibizumab was shown to
display distinct effects on endothelial cells in in-vitro stud-
ies, furthermore, knowledge of the effect of ranibizumab
on cardiovascular system was generally recruited from the
retrospective studies. Our study suggested that ranibizumab
could be a useful treatment agent with no significant change
in vascular endothelial function.

CONCLUSION

In summary, this present study is important as being the first
prospective case-control study examining biochemical pa-
rameters and FMD, which are determined to be related with
cardiovascular events, in intravitreal patient group. Howev-
er, the small number of our patient group is a limitation, and
we suggest more valuable results can be achieved in further
multicenter studies.
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