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Objective: To compare the efficacy and safety of panretinal photocoagulation (PRP)
combined with intravitreal anti-vascular endothelial growth factor (anti-VEGF) against PRP
monotherapy for diabetic retinopathy (DR).

Methods: We searched Pubmed, Cochrane Library, Web of Science, Embase, and
Science Direct Register of Controlled Trials from April 2011 to January 2021 to identify the
randomized trials that compared the efficacy and safety between PRP combined with
intravitreal anti-VEGF and PRP monotherapy for DR. We searched in the following
databases between April 2011 and January 2021: Pubmed, Cochrane Library, Web of
Science, Embase, and Science Direct without any restriction of countries or article type.
The outcome measures were the best-corrected visual acuity (BCVA), neovascularization
on the disc (NVD), neovascularization elsewhere (NVE), central macula thickness (CMT),
and total retinal volume over time (FAS), and we also observed the adverse events (AESs)
between the two groups.

Results: A total of 351 studies were identified, of which 11 studies were included in this
meta-analysis (N = 1,182 eyes). Compared with PRP monotherapy, PRP plus anti-VEGF

combination treatment produced a mean reduction in BCVA in units of logMAR of -0.23
[95% CI -0.32, -0.15] or a mean improvement in BCVA in units of letters of 4.99 [95% CI
3.79, 6.19], and also yielded a mean reduction in NVD of -28.41 [95% CI -30.30, -26.52],
in NVE of -1.33 [95% CI -1.52, -1.14], in CMT of -1.33 [95% CI -1.52, -1.14], or in total
FAS. No significant difference was observed on the risk of AEs as vitreous hemorrhage,
elevation in intraocular pressure, and cataract between the two different treatments.
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Conclusion: PRP with anti-VEGF combination treatment can achieve the ideal efficacy on
DR by improving BCVA and NV regression, with no potential increased incidence of AEs,
which proves that the combination therapy is an efficient therapeutic strategy that could
improve the management of patients with DR.

Keywords: panretinal photocoagulation, anti-vascular endothelial growth factor, diabetic retinopathy, meta-

analysis, combination therapy

INTRODUCTION

Diabetic retinopathy (DR) has become a leading cause of visual
impairment in working age in industrialized countries. DR can be
divided into two classifications including non-proliferative diabetic
retinopathy (NPDR) and proliferative diabetic retinopathy (PDR),
of which PDR is the more advanced stage leading to visual
impairment and loss in the nearly total absence of symptoms (1).
In recent decades, there have been a variety of treatments for DR,
among which panretinal photocoagulation (PRP) and anti-vascular
endothelial growth factor (anti-VEGF) therapy are commonly used.
VEGF is a kind of homodimeric glycoprotein, including PLGF,
VEGEF-A, VEGF-B, VEGF-C, and VEGF-D. VEGF can promote
endothelial cell-specific mitogen, increase vascular permeability, and
promote inflammation (2). Under the condition of high glucose,
oxidative stress, hemodynamic changes, and inflammatory
reactions are involved in the regulation of VEGF expression and
increase the concentration of VEGF. VEGF increases capillary
permeability by the phosphorylation of tight-junction protein,
leading to macular edema and angiogenesis (3). Therefore,
inhibition of VEGF has become an important part of anti-
neovascularization therapy. Anti-VEGF agents available include
bevacizumab, ranibizumab, and aflibercept and are gaining
popularity by intravitreal injection while the mainstay of surgical
treatment for PDR is Scatter, or panretinal, photocoagulation (4).

Both treatments have a positive effect on delaying the
progression of DR, and they also have been combined many
times in clinical practice. However, the efficacy of monotherapy
and combined treatment may be different. Some adverse events
can be found in the follow-up of both therapies. Administration
or surgery methods may cause some ocular disorders such as
vitreous hemorrhage, elevation in intraocular pressure, and
cataract, and pesticide effects may result in some non-ocular
disorders such as hypertension.

In order to inform in clinical decision-making which treatment
can be preferred to use clinically, this meta-analysis examined 11
randomized controlled trials (RCTs), with patients from Canada,
the United States, Pakistan, Brazil, and other countries, trying to
compare the efficacy and safety of PRP with intravitreal anti-VEGEF-
combined treatment against PRP monotherapy.

METHODS

Search Strategy and Selection Criteria
This meta-analysis is reported in accordance with the Systematic
Reviews and Meta-Analyses (PRISMA) Statement. The
registration number in PROSPERO is CRD42021254750.

We searched Pubmed, Cochrane Library, Web of Science,
Embase, and Science Direct Register of Controlled Trials between
April 2011 and January 2021 to identify the randomized trials that
compared the efficacy and safety between PRP combined with
intravitreal anti-VEGF and PRP monotherapy for DR. We
selected several studies published between April 2011 and January
2021. We searched the following databases: Pubmed, Cochrane
Library, Web of Science, Embase, and Science Direct without any
restriction of countries or article type. The reference list of all
selected articles is independently screened to identify additional
studies left out in the initial search. We used the combined search
strategy with text and MESH terms as follows: ((“Diabetic
Retinopathy”[Mesh]) OR ((proliferative diabetic retinopathy|[Title/
Abstract]) OR PDR|Title/Abstract])) AND (((“retinal laser
photocoagulation”[Mesh]) OR retinal laser photocoagulation
[Title/Abstract])) AND (((((((VEGF[Title/Abstract]) OR anti
VEGF [Title/Abstract]) OR anti-VEGF [Title/Abstract]) OR
lucentis[Title/Abstract]) OR bevacizumab|Title/Abstract]) OR
ranibizumab [Title/Abstract]) OR aflibercept[Title/ Abstract]))
AND (“Randomized Controlled Trial” [Publication Type]).

Eligibility Criteria

Eligible studies are regarded as RCTs, comparing PRP plus anti-
VEGEF with PRP alone, reporting changes in best-corrected visual
acuity (BCVA), neovascularization on the disc (NVD),
neovascularization elsewhere (NVE), central macula thickness
(CMT), or total retinal volume over time (FAS). We exclude
studies in adherence to the following criteria: non-RCT studies,
studies done in patients treated with drug monotherapy, and
combination therapy on DR. We did not impose restriction on
history of systemic treatment.

The primary outcomes were assessed as follows: the changes
of BCVA (logMAR, letters), the regression of neovascularization
defined as NVD (percentage of disc surface, DD%), NVE (disc
diameter, DD), CMT (um), and total retinal volume. The
incidences of adverse events (AEs) were estimated as secondary
outcomes, including vitreous hemorrhage, elevation in
intraocular pressure, and cataract.

Data Extraction
Two investigators collaborated on assessing these studies
together, reviewing the titles and abstracts and retrieving
studies satisfied for full-text assessment. Studies qualified were
selected by two investigators with an agreement value of 99.4%.
Disagreements were settled by a third investigator.

We extracted data in a standardized form from each selected
study. The data included the first author and year of each study,
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total number of patients participated, age, follow-up period, details
of therapeutic method, change in BCVA (mean [SD]), change in
CMT (mean [SD]), change in BCVA (mean [SD]), change in NVD
(mean [SD]), change in NVE (mean [SD]), change in total retinal
volume (mean [SD]), and incidence of AEs.

In some cases where the data were ambiguous, we emailed some
of the relevant corresponding authors to refine the data obtained.

Statistical Analysis

We assessed the efficacy of PRP plus anti-VEGF agents versus
PRP monotherapy on four outcomes: BCVA, regression of
neovascularization (NVD, NVE, CMT), total retinal volume,
and incidence of any AEs.

We analyzed BCVA, NVD, NVE, CMT, and total retinal
volume as continuous variables and calculated pooled estimates
of the mean differences (MD) in changes of BCVA, NVD, NVE,
CMT, and total retinal volume of study groups and control
groups by using a random-effect (RE) model to depict the
characteristics of each group.

The incidence of AEs common in eligible studies was
analyzed, from which an overall relative risk (ORR) was
calculated. The pooled estimates of the relative risk with an RE
model were also calculated.

As we divided studies into groups with data in common and
the data set that counted changes in CMT contained a relatively
large number of studies, which was seven, we assessed
publication bias of the CMT group using Egger test and
defined significant publication bias as a p value <0.05 (5).

Risk-of-Bias Assessment
Cochran Q test and the I* statistics were employed to assess
heterogeneity between studies. I values greater than 50%

represent moderate to high heterogeneity, while I* values lower
than 50% represent low heterogeneity (6). We investigated
sources of heterogeneity through subgroup analyses. Review
Manager (version 5.4, Cochrane Collaboration) and STATA
(version 15.1, STATA Corp) were used for all statistical
analyses. Further sensitivity analysis was also performed to
confirm whether the heterogeneity had an impact on
the conclusions.

RESULTS

We identified 351 studies initially, of which 11 studies were
included in this meta-analysis (Figure 1). The 11 studies were
published from April 2011 to January 2021 (Table 1) (7-17).
Follow-up duration ranges from 1 to 12 months. 9 studies (7, 8,
11-17) reported changes of BCV A, among which 4 studies (7, 12,
16, 17) specified the changes of BCVA in logMAR and 5 studies
(8,11, 13-15) in letters. 7 studies (9-11, 13, 15-17) measured the
changes of CMT. 2 studies (7, 16) reported changes of NVD and
NVE, which were specified in DD% and DD. One study (10)
measured the change of mean total retinal volume over time in
units of mm® while the other study measured the changes of
neovascularization total (NVT) in units of disc area (DA) (8).
Adverse events were assessed by 6 studies (8, 10, 11, 13-15),
of which 3 reported vitreous hemorrhage (8, 11, 15),
3 reported elevation in intraocular pressure (8, 10, 11), and 4
reported cataract (8, 11, 13, 14). One study (9) observed
no adverse effects. We also assessed the risk of bias of all the
11 RCTs (Figure 2).

In the pooled analysis of 9 trials, the results showed that
combination therapy had a better impact on improving or

FIGURE 1 | Process of study selection.

Records identified
(n=351)
Records which are duplicated
excluded
(n=53)
Records after the removal of
duplicates
(n=298)
Records excluded on the bias of
title and abstract
(n=286)
Records of full-text for detailed
assessment
(n=13) Records which did not report
BCVA or changes of BCVA during
the follow-up ,did not include the
number of mean and SD
(n=6)
Records qualified through a
manual search
(n=4)
Records included
(n=11)
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TABLE 1 | Characteristics of included studies.

Study ID Year Design Sample Case/ Average
(first size control age/age
author) (eyes) (PRP range
plus (case/
IvB/ control)
PRP)
Alietal. 2018 RCT 60 30/30  (40-52)/
(7) (53-695);
(62.27
6.8)
Figueira 2018 RCT 87 41/46 (68.8 =
etal. (8) 13.9)/
(52.0 =
11.9)
Preti 2017 RCT 38 19/19 (63.4 +
etal (9) 9.3)/(563.4
+9.3)
Lang 2018 RCT 128 85/43 (63.5 =
etal. (10) 9.3)/(63.5
+ 10.5)
Berger 2015 RCT 145 73/72 (60.8 +
etal (11) 10.2)/
(62.8 +
9.4)
Messias 2012 RCT 20 11/9 (B9 =12/
etal (12) 64 + 8)
Mitchell 2011 RCT 229 118/111 (64.0 =
etal (13) 8.15)/
(63.5 +
8.81)
Ishibashi 2015 RCT 263 132/131 (1.2 =
etal. (14) 10.52)/
61.5 =
9.68)
Ferraz 2015 RCT 60 30/30 52.3 +
etal (15) 7.8
Rebecca 2021 RCT 76 38/38 (51.1 +
etal (16) 5.9)/(50.7
+6.9)
Sameen 2017 RCT 76 38/38 (5747 =
etal (17) 6.08)/
(65.69 +
6.58)

delaying vision deterioration in BCVA,

Details of anti-VEGF
injection

IVB (1.25 mg 0.05 ml) 15
prior to PRP session

IVR, in month 0, month 1
month 2 combined with t
standard PRP treatment,

agent Details of laser photocoagulation

days 1,500-2,000 shots (200-500 um
spots), 0.05-0.1-s duration, 0.1 interval,
300-500-W power per episode, under
topical anesthesia

, and 1,200-1,600 scatter laser burns (500

he um spots)

that is,

with 1, 2, or 3 laser sessions

IVB (1.25 mg/0.05 ml) 7 days prior
to PRP session and at the end of

the third PRP episode.
IVR (0.5 mg), 4 monthly

IVR (0.5 mg ranibizumab

intravitreal injections), 3 monthly
injections followed by as-needed

therapy

IVR ((0.5 mg/0.05 ml), at weeks

16 and 32

IVR (0.5 mg), at months 0-2;

treatment initiation phase

IVR (0.5 mg), on day 1 and
continued monthly until stable

vision was achieved

IVR (0.5 mg) and were given again

at Month 1

IVB (1.25 mg/0.05 mi). In
subjects, first intravitreal

bevacizumab injection (1.25 mg/
0.05 ml) was given followed by
PRP after the 1st week, likewise 2
more PRP episodes were done,
and a second IVB injection was
given at the end of the 3rd PRP

session.

IVB (2.5 mg/0.1 ml) 1 day after
PRP session and repeated

monthly for 3 months.

compared to

monotherapy, with a statistically significant between-study
heterogeneity (Figure 3). Sensitivity analysis was performed in
the BCVA group with LogMAR as the unit. Since one of the
studies (17) enrolled patients with PDR and DME, while the other

A spot size of 250 um, an exposure
time between 0.1 and 0.2-m, and a
moderate intensity (200 to 500 mW)
Focal laser and ranibizumab injections
were administered on the same day
with a minimum interval of 30 min
between the two treatments

On day one. If required, the initial
photocoagulation could be split into 2
sessions, 4 weeks apart

Six to eight hundred 500 Im spots were
applied per session

2 sessions, 4 weeks apart

On day 1 (if needed, the first laser
treatment session could be split into 2
sessions 4 weeks apart)

Full-scatter PRP treatment, performed
in three sessions according to the
ETDRS guidelines

Three sessions of PRP were done with
a 1-week interval; two thousand burns
were applied at the 1st session with a
200-um spot size, duration of 20-ms
pulse, and from 400 to 500 mW power
to achieve grayish burns; and further
PRP was done at 1 and 2 months with
supplementary 800-1,000 burns

Group B

Two thousand burns were applied at
the 1st session with a 20-ms pulse
duration, 200-um spot size, and power
ranging from 350 to 600 mW, titrating
the burn intensity until a mild gray
reaction was achieved, repeating at 4
weeks and 8 weeks with an additional
800-1,000 burns

Intraoperative
and
postoperative
evaluating
parameters

BCVA, NVE,
NVD

BCVA, NVE,
NVD, NVT,
CMT, AEs

CMT, choroidal
thickness, AEs

BCVA, FCS,
and FCP
thickness,
CMT, AEs
BCVA, CMT,
VFQ-25 (Visual
Function
Questionnaire-
25), AEs
BCVA, duration
of diabetes,
FLA

BCVA, CMT,
AEs

BCVA, AEs

BCVA, CMT,
AEs

BCVA, NVE,
NVD, CMT

BCVA, CMT

Follow-
up
periods
(months)

6.2+27

studies included patients with or without DME, this might be the
reason for the heterogeneity. However, the removal of the study
had no effect on the results, which still showed the priority of the
combination therapy on improvements of BCVA after the
exclusion. The other indicators (NVD, NVE, CMT) (Figure 4)
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Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)

Other bias.

[
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Rebecca | 2 |2 | @ | @ | @ @ |2
RonyC.Preti | 2 |2 | @ | @ |® | @2
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FIGURE 2 | Risk of bias.

all showed a mean overall reduction in favor of PRP plus anti-
VEGEF treatment, with no significant between-study heterogeneity.
For the assessment of publication bias of the CMT group shown in
the table (p value >0.05) (Figure 5), no significant publication bias
was detected.

In addition, two studies separately reported changes of NVT
(8) and the mean total retinal volume (10), supporting the
findings above (Figure 6).

6 studies reported the incidence of adverse events, including
intraocular or extraocular disorders if present. The pooled

Heterogeneity: Tau? = 0.01; Chi? = 48.95, df = 3 (P < 0.00001); I2 = 94%
Test for overall effect: Z = 5.37 (P < 0.00001)

Heterogeneity: Chi? = 3.27, df = 4 (P = 0.51); I* = 0%
Test for overall effect: Z = 8.16 (P < 0.00001)

(letters). Outcomes assessed: BCVA in studies that compared combination treatment
proportion to the overall effect.

A
Case(PRP plus IVB) Control(PRP) Mean Difference Mean Difference

_Study or Mean SD  Total Mean SD Total Weight IV.Random, 95% Cl 1V, 95% Cl

Andre” Messias 0 0.07 11 0.07 0.34 9  9.9% -0.07 [-0.30, 0.16]

Murtaza Sameen -0.22  0.04 38 -0.09 015 38 287% -0.13[-0.18,-0.08] —

Rebecca -02  0.05 38 012 007 38 307% -0.32[-0.35,-0.29] ol

Warda Ali -0.2 0.04 30 0.1 0.06 30 30.8% -0.30 [-0.33, -0.27] -

Total (95% Cl) 17 115 100.0%  -0.23 [-0.32, -0.15] ‘

B
Case(PRP plus IVB) Control(PRP) Mean Difference Mean Difference
Alan Berger 82 959 73 03 1212 72 11.4% 7.90[4.34,11.46] -
DANIEL A. FERRAZ 34 482 30 -34 411 30 0.3% 6.80[-15.87,29.47] >
Jodo Figueira -09 121 41 -58 151 46 4.4% 4.90[-0.82, 10.62] T
Paul Mitchell 59 792 118 08 856 111 315%  5.10[2.96,7.24] =
Tatsuro Ishibashi 5.7 7.2 132 14 649 131 525% 4.30 [2.64, 5.96] =
Total (95% Cl) 394 390 100.0%  4.99[3.79, 6.19] ¢

FIGURE 3 | Meta-analyses of PRP+anti-VEGF treatment and PRP monotherapy, comparing changes of BCVA (logMAR, letters). (A) BCVA (logMAR), (B) BCVA

02 04 0 01 02
Favours (PRP+) Favours (PRP)

20 40 0 10 20
Favours (PRP) Favours (PRP+)

with PRP monotherapy. The shaded area is the weight of the estimate in
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A Experimental Control Mean Difference Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl 1V, Fixed. 95% CI
Rebecca 28 624 38 0 458 38 59.0% -28.00[-30.46, -25.54] L
Warda Ali 29 6.08 30 0 557 30 41.0% -29.00 [-31.95, -26.05] -
Total (95% ClI) 68 68 100.0% -28.41 [-30.30, -26.52] L 2
ity: Chiz = =1(P= 2= 09 + + + }
oo b ERENCE
: ) . Favours (PRP+) Favours (PRP)
B Favours [experimental] Control Mean Difference Mean Difference
__Study or Sub Mean SD Total Mean SD Total Weight V, Fixed, 95% CI IV, Fixed, 95% CI
Rebecca 13 044 38 0.1 069 38 54.0% -1.40[-1.66,-1.14]
Warda Ali 4125 043 30 0 066 30 46.0% -1.25[-1.53,-0.97] -
Total (95% Cl) 68 68 100.0% -1.33 [-1.52, -1.14] <&
Heterogeneity: Chi? = 0.59, df = 1 (P = 0.44); 12 = 0% + 1 . 1 2
Test for overall effect: Z = 13.64 (P < 0.00001) Favours (PRP+) Favours (PRP)
c Experimental Control Mean Difference Mean Difference
% Cl 1\ 95% Cl
Alan Berger -1522 14494 73 -107.1 15953 72 12%  -45.10[-94.73,453) — |
DANIELA. FERRAZ ~ -47.6 208.8 3 38 2619 30 0.0% -43.80([-297.98,210.38] * d
Gabriele E. Lang 967 1209 85 -54 899 43 21%  -42.70[-79.88,-5.52]
Murtaza Sameen -117.4 938 38 -77.44 903 38 1.7%  -39.96 [-81.36, 1.44]
Paul Mitchell -128.3 11434 118 -61.3 13229 111 28% -67.00[-99.11,-34.89] ¥ —
Rebecca 1338 1468 38 485 1001 38 91.0% -61.88[-67.53,-56.23]
Rony C. Preti 932 79.84 19 2207 8041 19 11%  -12.75[-63.70, 38.20] —
Total (95% ClI) 374 351 100.0% -60.49 [-65.88, -55.10] *
ity: Tau? = 0.00: Chi = —6(P= 12 = 09 t t t t
?ett‘e;ogeneltmT:u N 12)?02 20(;\:) p5<s:)7og:) 016 (P=0.43); 2=0% 50 25 0 25 50
est for overall effect: Z = 22.00 ( - ) Favours (PRP+) Favours (PRP)
FIGURE 4 | Meta-analyses of PRP+anti-VEGF treatment and PRP monotherapy, comparing changes of NVD (DD%), NVE (DD), and CMT (um). (A) NVD (DD%),
(B) NVE (DD), and (C) CMT (um). Outcomes assessed: NVD, NVE, and CMT in studies that compared combination treatment with PRP monotherapy. The shaded
area is the weight of the estimate in proportion to the overall effect.

analysis (Figure 7) showed no significant difference in the RR of
the study group compared with the control group, with no
significant between-study heterogeneity. Combination therapy
or monotherapy had little effect on the incidence of adverse
events such as vitreous hemorrhage, elevation in intraocular
pressure, and cataract.

DISCUSSION

In the previous study, anti-VEGF monotherapy has been
reported to show potential benefits compared to PRP
monotherapy. However, anti-VEGF monotherapy also carries a
certain degree of risk for PDR. For example, anti-VEGF

Egger's test

std_Eff Coef.  Std. Err.

.5767773
-5.182103

.955392
4.661705

slope
bias

Egger's publication bias plot

standardized effect

FIGURE 5 | Estimate of publication bias of CMT.

t P>|t]| [95% Conf. Interval]
0.60 0.572 -1.879136 3.032691
-1.11  0.317 -17.1654 6.801193

°
°
° o
o
6 8
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Total (95% Cl) 85

Heterogeneity: Not applicable
Test for overall effect: Z = 3.62 (P = 0.0003)

ofthe estimate in proportion to the overall effect.

43 100.0%

43 100.0%

A
Experimental Control Mean Difference Mean Difference
IV, Fixed, 95% CI V. % Cl
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treatment is expensive, time-consuming, and not cost-effective.
In countries and regions with limited resources, this treatment is
easily restricted. In addition, it is easy for patients who are treated
exclusively with anti-VEGF to cause complications such as
tractional retinal detachment and neovascular glaucoma,
leading to blindness (18). Our study showed that the
combination therapy is even more beneficial. The PRP plus

anti-VEGF treatment is better at delaying vision loss associated
with DR and also contributing to the reduction of NVD, NVE,
and CMT, compared to PRP monotherapy. It is worth
mentioning that application of a more complex therapeutic
method did not cause more adverse effects than monotherapy.
Previous studies have reported the role of anti-VEGF agents as
adjuncts to surgical treatment, regressing neovascularization and
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minimizing bleeding and complications followed by vitrectomy
and endolaser for a vitreous hemorrhage (19). Findings in these
meta-analyses proved the well-documented efficacy and safety of
anti-VEGF.

Retinal detachments have been observed in some PRP groups,
which is likely to be associated with anti-VEGF injections in PDR
eyes (20), but studies included in this analysis did not have any
cases of this probably because eyes were excluded with
fibrovascular proliferation with retinal traction.

Most of the studies identified the included patients as DME,
PDR, or high-risk PDR (HR-PDR) (7-14, 16, 17). Retinal ischemia
has been reported to be present in high-risk PDR in the previous
study (21). Preoperative anti-VEGF injections in DR may reduce
the bleeding during an operation and decrease the complications
(22). Our findings showed that the combination might benefit
patients with DME and PDR, by reducing the incidence of
complications. In addition, combination therapy consistently
improved BCVA and reduced CMT across all the patients with
PDR, including patients with DME. Further studies are needed to
confirm the beneficial effect of additional anti-VEGF treatment in
NPDR patients.

Our results compared anti-VEGF monotherapy with
combination therapy in terms of effects on visual improvement,
retinal angiogenesis, and the incidence of adverse events, which
would give some feasible suggestions on evidence-based clinical
practice. A limitation of this analysis is that all the follow-up periods
are less than 1 year. Longer follow-up studies may establish the
benefit or adverse effects more clearly. Another limitation is the fact
that the difference between the DME and non-DME groups cannot

REFERENCES

1. Porta M, Maldari P, Mazzaglia F. New Approaches to the Treatment of
Diabetic Retinopathy. Diabetes Obes Metab (2011) 13(9):784-90. doi:
10.1111/j.1463-1326.2011.01415.x

2. Takahashi H, Shibuya M. The Vascular Endothelial Growth Factor (VEGF)/
VEGF Receptor System and Its Role Under Physiological and Pathological
Condition. Clin Sci (Lond) (2005) 109(3):227-41. doi: 10.1042/CS20040370

3. Zheng B, Li T, Chen H, Xu X, Zheng Z. Correlation Between Ficolin-3 and
Vascular Endothelial Growth Factor-to-Pigment Epithelium-Derived Factor
Ratio in the Vitreous of Eyes With Proliferative Diabetic Retinopathy. Am J
Ophthalmol (2011) 152(6):1039-43. doi: 10.1016/j.aj0.2011.05.022

4. Bressler NM, Beck RW, Ferris FL3rd. Panretinal Photocoagulation for
Proliferative Diabetic Retinopathy. N Engl ] Med (2011) 365(16):1520-6.
doi: 10.1056/NEJMct0908432

5. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring Inconsistency in
Meta-Analyses. BM]J (2003) 327(7414):557-60. doi: 10.1136/bmj.327.7414.557

6. Higgins JP, Thompson SG. Quantifying Heterogeneity in a Meta-Analysis.
Stat Med (2002) 21(11):1539-58. doi: 10.1002/sim.1186

7. Ali W, Abbasi KZ, Raza A. Panretinal Photocoagulation Plus Intravitreal
Bevacizumab Versus Panretinal Photocoagulation Alone for Proliferative
Diabetic Retinopathy. J Coll Physicians Surg Pak (2018) 28(12):923-7. doi:
10.29271/jcpsp.2018.12.923

8. Figueira J, Fletcher E, Massin P, Silva R, Bandello F, Midena E, et al.
Ranibizumab Plus Panretinal Photocoagulation Versus Panretinal
Photocoagulation Alone for High-Risk Proliferative Diabetic Retinopathy
(PROTEUS Study). Ophthalmology (2018) 125(5):691-700. doi: 10.1016/
j.ophtha.2017.12.008

9. Preti RC, Mutti A, Ferraz DA, Zacharias LC, Nakashima Y, Takahashi WY,
et al. The Effect of Laser Pan-Retinal Photocoagulation With or Without

be concluded from the data in the RCTs, due to the short follow-up
duration or the small sample sizes. The long-term results from
relevant studies further showed that response to anti-VEGF is
sustained through the period of 2 years (23), and 3 years (24),
and the longer the duration, the fewer the injections to control
edema, from which we hypothesized that a longer follow-up period
would help reveal the relationship between lesion severity and
response to treatment.

It has been reported that the intensity of anti-VEGF treatment
has a statistically significant effect on BCVA, but there is no
confirmed clinical evidence (25). Compared with clinical
treatment, the injection intensity in clinical trials is often very
high, while in clinical practice, the treatment intensity of many
treatment plans is not high in the first year resulting in poorer
visual effect and more inaccurate estimation.

In conclusion, Intravitreal anti-VEGF agents for a certain
duration are effective as adjunctive treatment to PRP with less
foveal thickness, early and greater rate of retinal neovessel
regression, and better vision improvement rates than PRP
alone in patients of DR.

AUTHOR CONTRIBUTIONS

WZ was in charge of the writing of manuscript and analyzing of
data while JG was in charge of collecting the data. AS was the
corresponding author. All authors contributed to the article and
approved the submitted version.

Intravitreal Bevacizumab Injections on the OCT-Measured Macular
Choroidal Thickness of Eyes With Proliferative Diabetic Retinopathy.
Clinics (2017) 72(2):81-6. doi: 10.6061/clinics/2017(02)03

10. Lang GE, Liakopoulos S, Vogeler J, Weiss C, Spital G, Gamulescu MA, et al.
The RELATION Study: Efficacy and Safety of Ranibizumab Combined With
Laser Photocoagulation Treatment Versus Laser Monotherapy in NPDR and
PDR Patients With Diabetic Macular Oedema. Acta Ophthalmol (2018) 96(3):
€377-85. doi: 10.1111/a0s.13574

11. Berger A, Sheidow T, Cruess AF, Arbour JD, Courseau AS, Takacsy F.
Efficacy/safety of Ranibizumab Monotherapy or With Laser Versus Laser
Monotherapy in DME. Can ] Ophthalmol (2015) 50(3):209-16. doi: 10.1016/
1.j¢j0.2014.12.014

12. Messias A, Ramos Filho JA, Messias K, Almeida FP, Costa RA, Scott IU, et al.
Electroretinographic Findings Associated With Panretinal Photocoagulation
(PRP) Versus PRP Plus Intravitreal Ranibizumab Treatment for High-Risk
Proliferative Diabetic Retinopathy. Doc Ophthalmol (2012) 124(3):225-36.
doi: 10.1007/s10633-012-9322-5

13. Mitchell P, Bandello F, Schmidt-Erfurth U, Lang GE, Massin P, Schlingemann
RO, et al. The RESTORE Study: Ranibizumab Monotherapy or Combined
With Laser Versus Laser Monotherapy for Diabetic Macular Edema.
Ophthalmology (2011) 118(4):615-25. doi: 10.1016/j.0phtha.2011.01.031

14. Ishibashi T, Li X, Koh A, Lai TY, Lee FL, Lee WK, et al. The REVEAL Study:
Ranibizumab Monotherapy or Combined With Laser Versus Laser
Monotherapy in Asian Patients With Diabetic Macular Edema.
Ophthalmology (2015) 122(7):1402-15. doi: 10.1016/j.ophtha.2015.02.006

15. Ferraz DA, Vasquez LM, Preti RC, Motta A, Sophie R, Bittencourt MG, et al.
A Randomized Controlled Trial of Panretinal Photocoagulation With and
Without Intravitreal Ranibizumab in Treatment-Naive Eyes With Non-High-
Risk Proliferative Diabetic Retinopathy. Retina (2015) 35(2):280-7. doi:
10.1097/TAE.0000000000000363

Frontiers in Endocrinology | www.frontiersin.org

March 2022 | Volume 13 | Article 807687


https://doi.org/10.1111/j.1463-1326.2011.01415.x
https://doi.org/10.1042/CS20040370
https://doi.org/10.1016/j.ajo.2011.05.022
https://doi.org/10.1056/NEJMct0908432
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1002/sim.1186
https://doi.org/10.29271/jcpsp.2018.12.923
https://doi.org/10.1016/j.ophtha.2017.12.008
https://doi.org/10.1016/j.ophtha.2017.12.008
https://doi.org/10.6061/clinics/2017(02)03
https://doi.org/10.1111/aos.13574
https://doi.org/10.1016/j.jcjo.2014.12.014
https://doi.org/10.1016/j.jcjo.2014.12.014
https://doi.org/10.1007/s10633-012-9322-5
https://doi.org/10.1016/j.ophtha.2011.01.031
https://doi.org/10.1016/j.ophtha.2015.02.006
https://doi.org/10.1097/IAE.0000000000000363
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Zhang et al.

Photocoagulation Intravitreal Anti-VEGF Against PRP

16.

17.

18.

19.

20.

21.

22.

23.

Rebecca, Shaikh FF, Jatoi SM. Comparison of Efficacy of Combination
Therapy of an Intravitreal Injection of Bevacizumab and Photocoagulation
Versus Pan Retinal Photocoagulation Alone in High Risk Proliferative
Diabetic Retinopathy. Pak ] Med Sci (2021) 37(1):157-61. doi: 10.12669/
pjms.37.1.3141

Sameen M, Khan MS, Mukhtar A, Yaqub MA, Ishaq M. Efficacy of Intravitreal
Bevacizumab Combined With Pan Retinal Photocoagulation Versus
Panretinal Photocoagulation Alone in Treatment of Proliferative Diabetic
Retinopathy. Pak ] Med Sci (2017) 33(1):142-5. doi: 10.12669/pjms.331.11497
Yates WB, Mammo Z, Simunovic MP. Intravitreal Anti-Vascular Endothelial
Growth Factor Versus Panretinal LASER Photocoagulation for Proliferative
Diabetic Retinopathy: A Systematic Review and Meta-Analysis. Can ]
Ophthalmol (2021) 56(6):355-63. doi: 10.1016/j.jcjo.2021.01.017

Jardeleza MS, Miller JW. Review of Anti-VEGF Therapy in Proliferative
Diabetic Retinopathy. Semin Ophthalmol (2009) 24(2):87-92. doi: 10.1080/
08820530902800330

Arevalo JF, Maia M, Flynn HW]r., Saravia M, Avery RL, Wu L, et al.
Tractional Retinal Detachment Following Intravitreal Bevacizumab
(Avastin) in Patients With Severe Proliferative Diabetic Retinopathy. Br |
Ophthalmol (2008) 92(2):213-6. doi: 10.1136/bjo.2007.127142

Nilsson SE. Human Retinal Vascular Obstructions. A Quantitative
Correlation of Angiographic and Electroretinographic Findings. Acta
Ophthalmol (Copenh) (1971) 49:111-33.

Han XX, Guo CM, Li Y, Hui YN. Effects of Bevacizumab on the Neovascular
Membrane of Proliferative Diabetic Retinopathy: Reduction of Endothelial
Cells and Expressions of VEGF and HIF-1o. Mol Vision (2012) 18:1-9.
Nguyen QD, Shah SM, Khwaja AA, Channa R, Hatef E, V Do D, et al. Two-
Year Outcomes of the Ranibizumab for Edema of the Macula in Diabetes

(READ-2) Study. Ophthalmology (2010) 117:2146-51. doi: 10.1016/
j.ophtha.2010.08.016

24. Schmidt-Erfurth U, Lang GE, Holz FG, Schlingemann RO, Lanzetta P, Massin
P, et al. Three-Year Outcomes of Individualized Ranibizumab Treatment in
Patients With Diabetic Macular Edema: The RESTORE Extension Study.
Ophthalmology (2014) 121(5):1045-53. doi: 10.1016/j.ophtha.2013.11.041

25. Li E, Donati S, Lindsley KB, Krzystolik MG, Virgili G. Treatment Regimens
for Administration of Anti-Vascular Endothelial Growth Factor Agents for
Neovascular Age-Related Macular Degeneration. Cochrane Database Syst Rev
(2020) 5(5):8. doi: 10.1002/14651858.CD012208.pub2

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Zhang, Geng and Sang. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original author(s)
and the copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Endocrinology | www.frontiersin.org

March 2022 | Volume 13 | Article 807687


https://doi.org/10.12669/pjms.37.1.3141
https://doi.org/10.12669/pjms.37.1.3141
https://doi.org/10.12669/pjms.331.11497
https://doi.org/10.1016/j.jcjo.2021.01.017
https://doi.org/10.1080/08820530902800330
https://doi.org/10.1080/08820530902800330
https://doi.org/10.1136/bjo.2007.127142
https://doi.org/10.1016/j.ophtha.2010.08.016
https://doi.org/10.1016/j.ophtha.2010.08.016
https://doi.org/10.1016/j.ophtha.2013.11.041
https://doi.org/10.1002/14651858.CD012208.pub2
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Effectiveness of Panretinal Photocoagulation Plus Intravitreal Anti-VEGF Treatment Against PRP Alone for Diabetic Retinopathy: A Systematic Review With Meta-Analysis
	Introduction
	Methods
	Search Strategy and Selection Criteria
	Eligibility Criteria
	Data Extraction
	Statistical Analysis
	Risk-of-Bias Assessment

	Results
	Discussion
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


