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ABSTRACT

Introduction: to assess the levels of Hypoxia-inducible factor-1a (HIF-1a) and intercellular adhesion molecule-
1(ICAM-1) in vitreous of proliferative diabetic retinopathy patients which were given intravitreal bevacizumab
(IVB), as well as its relation to the central macular thickness (CMT) measured prior to vitrectomy.

Methods: thirty-two eyes were randomized into two groups, one that received an IVB injection at 1-2 weeks
previtrectomy and the control group which did not receive any injection. Measurement of HIF-1a and ICAM-1
was conducted using enzyme-linked immunosorbent assay (ELISA). The CMT were measured at the initial visit,
prior to vitrectomy, and at follow up time (2, 4, and 12 weeks postoperatively) using Stratus OCT.

Results: The mean levels of HIF-1a vitreous (ng/mg protein) in the control group and IVB respectively 0.020
(0.006; 0.077) and 0.029 (0.016; 0.21). Vitreous levels of ICAM-1 (ng /mL) in control group and IVB group were
20.10 (3.41; 40.16) and 23.33 (0.63; 68.5). The mean levels of HIF-1a and ICAM-1 vitreous obtained did not
differ significantly between the two groups.

Conclusion: The levels of HIF-1a and ICAM-1 in PDR patients do not decrease after one injection of intravitreal
Bevacizumab 1-2 weeks prior to vitrectomy. The concentration of vitreous HIF-1a and ICAM-1 are not directly
related to the CMT.
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Diabetic retinopathy (DR) is a complication
of diabetes mellitus (DM) on the retina
caused by uncontrolled high blood glucose
levels in long term. Proliferative diabetic
retinopathy (PDR) is the advanced form of
DR characterized by the formation of new
blood vessels in the retina which increases
the risk of visual loss." 2 Diabetic retinopathy
is the most commonly found retinal vascular
disorder in the Vitreoretina policlinic at

Cipto Mangunkusumo Hospital.3 In 2004-
2009, there were 3988 DR visits and 38.3%
of them were PDR. The percentage of PDR
visits was increased to 47.9% in 2010-2012.4

Damage to the structure of the retina as a
result of long term hyperglycemia is the
main pathogenesis of DR. PDR begins from
retinal ischemia due to microvascular
occlusion and retinal capillary nonperfusion
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It results in increased production of Vascular
Endothelial Growth Factor (VEGF), which stimulates the
formation of neovascularization. The new vessels are
fragile and can lead to the buildup of lipoproteins and
bleeding in the retina and vitreous.>

Research with therapy focusing on biomolecular activity
is expected in order to prevent the pathological retinal
response to hypoxia.> 7 Recent studies have shown that
elevated HIF-1a and ICAM-1 levels affect the DR
progression in PDR patients.> &3 HIF-1a is a protein that
plays a major role as a transcription factor in VEGF
regulation, in which its accumulation was induced by
retinal hypoxia.> 1% 1314 VEGF will increase retinal vascular
permeability, microvascular occlusion, teleangiectasia,
microaneurysms and retinal ischemia. Retinal ischemia
leads to hypoxia that will stimulate the formation of HIF-
1a, which in turn triggers more VEGF.™ '® ICAM-1 is an
adhesion molecule that plays a role in inflammatory
mechanisms of blood vessel's wall. Vascular Endothelial
Growth Factor is known to corelate with ICAM-1 in the
neovascularization process.”” "9

METHODS

This study is a prospective, post-test only, open-labeled
randomized clinical trial. The subjects of this study were
32 eyes of 32 PDR patients which were evaluated from
January to November 2016 at Vitreoretina policlinic of
Cipto Mangunkusumo Hospital. Subjects were divided
into two groups, each group consisted of 16 subjects. The
control group was treated with vitrectomy only, whereas

bevacizumab group received IVB injection 1-2 weeks prior
to vitrectomy. Inclusion criterias were DM patients aged
more than 18 years, with vitreomacular traction or non-
clearing vitreous haemmorhage, who are willing to
participate in the study, and with signed informed
consent. Patients with a previous history of vitrectomy
surgery, intravitreal anti-VEGF or laser photocoagulation,
and patients without central macular thickness (CMT)
measurement before vitrectomy were excluded from this
study.

A volume of 0.5-1 mL vitreous sample was retrieved with
1 mL syringe connected to vitrectomy cutter before
running intravenous fluids during vitrectomy. The
concentrations of HIF-1a and ICAM-1 from the sample
were measured in Biochemistry and Clinical Pathology
Laboratory at Cipto Mangunkusumo Hospital. Using
sandwich-type enzyme-linked immunosorbent assay
(ELISA). The HIF-1a level was recorded in each 1 mg of
protein (ng/mg protein). ELISA kit for HIF-1a (Elabscience)
and ELISA kits for ICAM-1 ((R&D Systems) was performed
based on the recommendations of the manufacturer.
Stratus OCT (Carl Zeiss Meditec, Dublin, CA) was used to
measure CMT. All subjects were measured for their CMT
and visual acuity (VA) at 2", 4% and 12" week
postoperatively. SPSS version 17.0 was used for analysis,
based on the intention to treat analysis.

This clinical study was approved by the Ethical Clearance
Committee of Faculty of Medicine, Universitas Indonesia
based on the Declaration of Helsinki, with ethical
clearance number of 229/UN2.F1/ETHICS/2015.

RESULTS
Table 1: Distribution of demographic data

. Group
Variable Control IVB P
Age 46.5+10.2 50.62+6.25 0.1802
Gender

Male 6 3

Female 10 13 0433°
Duration of DM (year) 6.50 (1;20) 7 (1;20) 0.746¢
Total cholesterol (mg/dL) 242.8+56.8 226.6+67.5 0.469°2
Systolic blood pressure (mmHg) 147.5+£19.6 141.31+£22.7 0.403®
Diastolic blood pressure (mmHg) 83.7+12.3 76.1+10.1 0.067°
HbA1c (%) 8.96+2.1 9.43+1,40 0.4502
Mean initial CMT (um) 507 (116;1673) 741 (233;1471)  0.522¢
Mean CMT prior to vitrectomy (um) 507 (177;1673) 600 (193;1363) 0.797¢
Mean initial visual acuity (logMAR) 1.8£0.3 1.9+0.1 0.2482
Mean visual acuity prior to vitrectomy 1.8+0.4 1.9+0.3 0.540°

(logMAR)

?|ndependent T-test, ® Fisher exact test, Mann Whitney

The level of HbA1c, duration of diabetes, and initial CMT were higher in the IVB group, but these differences were not

statistically significant (p> 0.05)
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Table 2: The levels of HIF-1e dan ICAM-1 in both study groups

Variable Groups P
Control IVB
Level of HIF-1a ) ]
. 0.020 (0.006; 0.077) 0.029 (0.016; 0.21) 0.172*
(ng/mg protein)
Level of ICAM-1 (ng/mL) 20.10 (341, 40.16)  23.33 (0.63;68.5) 0.777*

*Mann Whitney test
The levels of vitreous HIF-1a and ICAM-1 in the IVB group are higher than the control group, but not statistically

significant (p> 0.05).

Table 3: Mean CMT of each group at baseline, prior to vitrectomy and at 2", 4", and 12*" weeks postoperative
Groups

CMT (um) Control IVB P
Initial 507 (116;1673) 741 (233; 1471) 0.434*
Prior to vitrectomy 507 (177; 1673) 600 (193; 1363)

2" week postoperative 267 (120; 693) 328 (230; 545)

4th week postoperative 274 (129; 724) 320 (193; 1275)

12t week postoperative 275.5 (169; 1473) 323 (201; 575)

*Anova 2 Way with General Linear Model

There is no statistically significant difference in CMT measurement between two groups at every measurement time
(p> 0.05).

Table 4: Mean CMT at pre and post IVB injection in the 1VVB group
Time of measurement

IVB Group Pre IVB injection Post IVB injection

CMT (um) 741 (233;1471) 600 (193;1363) <0.002*

*Wilcoxon test

The decrease of the CMT between pre-IVB injection (baseline) and post IVB injection (pre-vitrectomy) was statistically
significant (p <0.002).
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Figure 1: Correlation between HIF-1a concentration with CMT prior to vitrectomy in (a) control group (Spearman; r=-
0.038 dan p=0.888) and (b) IVB group (Spearman; r=-0.280 dan p=0.332).

Published by : INAVRS https://www.inavrs.org/ | International Journal of Retina https://ijjretina.com 2019; 2; 1, 23



ORIGINAL ARTICLE

2000
0
1250 b o
S o
- [} -
E 1500 [} E o
2 31000
z =
g £ °
X £
e @ 750
& 1000 ]
H o H M\‘“
@ o ) o ©
2 <
o \\—‘\L—\_‘ o 500
5 : s o
O 5009 o o o o E
o
s o
° OR 5 Linear = 0.008 el P [} ° R SqLinear = 0.005
o ©
o oo
T T T T T T T T T T
0000 10.000 20000 30000 40000 50000 0.000 20000 40,000 60,000
ICAM-1 (ngiml) ICAM-1 (ngiml)

Figure 2: Correlation between ICAM-1 concentration with CMT prior to vitrectomy in (a) control group (Spearman; r=-

0.041 dan p=0.879) and (b) 1VB group (Spearman; r=-0.004 dan p=0.990).

Scattered diagrams at figure 1 and 2 above shows that
there were no correlations between HIF-1a and ICAM-1
on CMT value prior to vitrectomy in both groups. The
subject of this research consists of PDR patients with
vitreomacular traction on most subjects, so this might
affect the value of CMT in this study. Statistical tests were
conducted in 26 subjects (14 control group and 12 IVB
group) who had a complete VA data at every follow-ups.

Table 5: Visual acuity in both groups at baseline, prior to
vitrectomy and at 2, 4, and 12 weeks post-operation

Visual acuity Groups

P
(logMar) £SD Control IVB
Initial 1.81+0.36 1.93+0.13 0.013*
Prior to 1.83+0.36 1.90+0.26
vitrectomy
2nd week 1.99+0.31 1.9310.26
postoperative
4th week 1.69+0.65 1.98+0.08
postoperative
12t week 1.61+0.74 2.00%0.00

postoperative

*Anova 2 way with General Linear Model

Only 26 subjects had a complete data of VA at all follow-
ups period and were included for the VA analysis, 14 from
the control group and 12 from the IVB group. Post-
operative VA in the IVB group was worse than in the
control group at all measured time frames. These
differences in VA between the two groups were
statistically significant.

Post-operative complications appeared to be almost
equal in proportion between the two groups.
Postoperative vitreous hemorrhage in IVB group was
found in subjects without silicone oil. Hyphema occured
in the control group with poor blood pressure and blood
sugar control (HbA1c: 11mg/dl).

Table 4.6 Postoperative complications

Groups ()

Complications Control IVB Total
Postoperative - 3 3
vitreous (9.38%)
hemmorhage
Hyphema 2 - 2
(6.25%)
Retinal 1 1 2
redetachment (6.25%)
Cataract 2 2 4
(12.5%)
Glaucoma 3 - 3
(9.38%)
DISCUSSION

This study shows that the difference between the levels
of HIF-1a and ICAM-1 in both groups is not statistically
significant (p> 0.05). These results might be influenced by
several factors such as the baseline levels of HIF-1a and
ICAM-1, inadequate decreased of VEGF level in the IVB
group, or a change in inflammatory mediators after IVB
injection. Decreased levels of HIF-1a and ICAM-1 could
not be seen if the baseline levels were higher in the IVB
group. However in this study, the measurement of HIF-1a
and ICAM-1 before vitrectomy could not be obtained.

Anti-VEGF binds to VEGF molecules, hence, preventing
the VEGF to bind to its receptors. Bevacizumab works by
holding on to all isoforms of VEGF-A. It has a longer half-
life time and higher molecular weight than ranibizumab.?*
21 Victor et al?? reported that PDR patients who had an
IVB injection prior to vitrectomy had twice as low VEGF
levels than the group that did not receive IVB.

Han et al?® studied the effects of IVB injection 6 days
prior to vitrectomy to the level of HIF-Ta through
immunohistochemical examination of the fibrovascular
membrane obtained during vitrectomy. Expression of HIF-
1ot in DR group that had been given IVB injection was
found to be lower than that of the control group. The
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subjects in the study were PDR with vitreous
hemmorhage, traction, or macular edema. However, some
patients in the study group also received laser
photocoagulation before vitrectomy. Han et al® also
discovered that laser photocoagulation prior to
vitrectomy, prevents further ischemia and decreases the
HIF-1a concentration.

Inadequate reduction of VEGF level in the IVB group
could also affect the HIF-1a result in the IVB group. Victor
et al® report that the lowest levels of VEGF found in the
group that received a combination of laser
photocoagulation and IVB injection. The levels of VEGF in
the combination therapy were found to be 5 times lower
compared to the control group. The similar HIF-1a levels
between the case and the control group could be caused
by the severe PDR subjects who require laser
photocoagulation and IVB combination therapy, to
achieve a significant ischemia inhibition effect to reduce
levels of HIF-1a.

Another factor that can contribute to the rising HIF-1a
concentration in this study is the change in inflammatory
mediators after the |IVB injection. An increased
inflammatory mediator is a response from VEGF blockade,
but the details are not completely understood. Some
researchers reported inflammatory mediators change
after IVB injection.?* %> Forooghian et al®® reported a
significant increase in inflammatory mediators such as IL-
8 and TGF-B2 in the aqueous humor of PDR patients at 10
days after IVB administration. Stilla et al®® report the
effects of inflammatory mediators on HIF-1a. In
inflammation, Ang-ll, thrombin, TGF-B2 (Transforming
Growth Factor-B2), IL-1B (Interleukin-1pB), TNF-a (Tumor
Necrosis Factor-a), NF-kB, and other factors contribute to
the accumulation of HIF-1a. Increased TGF-[32 is expected
to affect the expression of HIF-1a in inflammatory
processes.?®

ICAM-1 can be induced by other inflammatory
mediators such as IL-1 and TNF-a, which can be induced
by TGF-B.2” Yan et al?® reported the post-injection effect
of ranibizumab on levels of ICAM-1 for before and after 7
days. The study reported that the level of ICAM-1 in the
group injected with ranibizumab one week prior to
vitrectomy was higher than the control group. In the
group who received ranibizumab injection for more than
1 week before vitrectomy, the level of ICAM-1 was lower
than the control group. These results demonstrate that
administration of intravitreal anti-VEGF can increase the
ICAM-1 concentration in the initial period. However, our
study uses bevacizumab which is a heavier Anti VEGF
molecule, and persist for a longer periode in the vitreous
when compared to ranibizumab. Hence, the inflammation
effect after IVB is expected to last longer than that of
ranibizumab.

HIF-1a affects the progression of macular edema in
PDR. There was no correlation between the levels of HIF-

1la and ICAM-1 on CMT prior to vitrectomy. CMT is
affected by inflammation and also by vitreomacular
traction of the fibrovascular membrane. The traction
located at the optic disc area or along the vascular arcades
will cause antero-posterior traction in the macular area.?®

The mean baseline VA in this study was 1.81 £ 0.36 in
the control group and 1.93 + 0.13 in the IVB group. The
poor baseline VA in the IVB group might have certain
effects on the also poor postoperative VA. This finding
was similar to a study by Kaiser et al*° that reported the
patient with poor initial VA (logMAR> 1) have a settled VA
within 1 year after vitrectomy. Abdelhakim et al*' also
found that VA in the subject with IVB injection 7 days prior
to vitrectomy was not improved, even in patients with VA
more than logMAR=1 or slightly better. The decrease in
macular thickness happened in most of the subjects. This
is consistent with a study by Arevalo®? that found that
intravitreal bevacizumab injections may have a beneficial
effect on macular thickness and VA, even though CMT
improvement is not always followed by VA
improvement.33

Recurrent vitreous hemorrhage occurred in three
patients from IVB group without silicone oil tamponade.
Yeung et al** reported that intraocular tamponade is more
effective than IVB injection to prevent recurrent
postoperative vitreous hemmorhage. Silicone oil has
tamponade and compression effect on the blood vessels
of the retina. Retinal redetachments occurred in two
subjects, 1 subject in each group. It happened due to
fibrovascular reproliferation or intraoperative atrophic-
retina-related retinal tears.®

Hyphema was found in two subjects with glaucoma. It
occurred in the control group who had poor blood sugar
and blood pressure control.

This study is the first study that assesses both the
vitreous levels of HIF-1a and ICAM-1 in PDR patients who
received VB injection. Baseline measurement of the HIF-
Ta and ICAM-1 levels are not possible is found to be
limitations of this study. Greater number of subjects and
examinations of other proinflammatory cytokines that
may affect the levels of HIF-1a and ICAM-1 such as VEGF,
interleukin, TNF-o, and TGF-B can be done in relation to
this study.

CONCLUSION

The levels of HIF-1a and ICAM-1 in PDR patients do not
decrease after one injection of intravitreal Bevacizumab 1-
2 weeks prior to vitrectomy. The concentration of vitreous
HIF-1a and ICAM-1 are not directly related to the CMT.
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