
O
R
IG

IN
A
L
A
RT

IC
LE

Nephrol Dial Transplant (2023) 38: 1666–1681
https://doi.org/10.1093/ndt/gfac305
Advance Access publication date 1 November 2022

A systematic review and meta-analysis of the effect of
intravitreal VEGF inhibitors on cardiorenal outcomes

Jennifer S. Lees 1, Stephen J.H. Dobbin1, Benjamin M.P. Elyan1, David F. Gilmour2,
Laurie P. Tomlinson 3, Ninian N. Lang1 and Patrick B. Mark 1

1School of Cardiovascular and Metabolic Health, College of Medical and Veterinary Sciences, University of Glasgow, Glasgow, UK, 2Glasgow
Centre for Ophthalmic Research, NHS Greater Glasgow and Clyde, Glasgow, UK and 3Faculty of Epidemiology and Population Health,
London School of Hygiene and Tropical Medicine, London, UK

Correspondence to: Jennifer S. Lees; E-mail: jennifer.lees@glasgow.ac.uk; Twitter: jennifer_s_lees

GRAPHICAL ABSTRACT

ABSTRACT

Background. Vascular endothelial growth factor inhibitors
(VEGFis) have transformed the treatment of many retinal
diseases, including diabetic maculopathy. Increasing evidence
supports systemic absorption of intravitreal VEGFi and devel-
opment of significant cardiorenal side effects.

Methods. We conducted a systematic review and meta-
analysis (PROSPERO: CRD42020189037) of randomised con-
trolled trials of intravitreal VEGFi treatments (bevacizumab,
ranibizumab and aflibercept) for any eye disease. Outcomes of
interest were cardiorenal side effects (hypertension, protein-
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KEY LEARNING POINTS

What is already known about this subject?
• Intravitreal vascular endothelial growth factor inhibitors (VEGFis) are commonly used in the treatment of diabetic eye
disease.

• There is increasing evidence of systemic absorption of intravitreal VEGFi associated with exacerbation of cardiorenal side
effects such as hypertension, proteinuria, decline in kidney function and heart failure.

What this study adds?
• Trials of intravitreal VEGFi do not routinely report cardiorenal side effects, although mechanistically these side effects are
plausible, especially in patients with diabetes and pre-existing kidney disease.

• In patients with diabetic eye disease (who commonly also have kidney disease), treatment with intravitreal VEGFi is
associated with an increased risk of death, with potential implications for obtaining informed consent.

What impact this may have on practice or policy?
• Additional scrutiny of post-licensing observational data may improve recognition of safety concerns in VEGFi-treated
patients.

• Monitoring for cardiorenal side effects should be considered, especially in high-risk patients with diabetes and kidney
disease who are treated with intravitreal VEGFi.

uria, kidney function decline and heart failure). Fixed effects
meta-analyses were conducted where possible.
Results. There were 78 trials (81 comparisons; 13 175
participants) that met the criteria for inclusion: 47% were
trials in diabetic eye disease. Hypertension (29 trials; 8570
participants) was equally common in VEGFi and control
groups {7.3 versus 5.4%; relative risk [RR] 1.08 [95% confidence
interval (CI) 0.91–1.28]}. New or worsening heart failure (10
trials; 3384 participants) had a similar incidence in VEGFi
and control groups [RR 1.03 (95% CI 0.70–1.51)]. Proteinuria
(5 trials; 1902 participants) was detectable in some VEGFi-
treated participants (0.2%) but not controls [0.0%; RR 4.43
(95% CI 0.49–40.0)]. Kidney function decline (9 trials; 3471
participants) was similar in VEGFi and control groups. In
participants with diabetic eye disease, the risk of all-cause
mortality was higher in VEGFi-treated participants [RR 1.62
(95% CI 1.04–2.46)].
Conclusion. In trials of intravitreal VEGFi, we did not identify
an increased risk of cardiorenal outcomes, although these
outcomes were reported in only a minority of cases. There
was an increased risk of death in VEGFi-treated participants
with diabetic eye disease. Additional scrutiny of post-licensing
observational data may improve the recognition of safety
concerns in VEGFi-treated patients.

Keywords: CKD, diabetes mellitus, hypertension, proteinuria,
systematic review

INTRODUCTION
Vascular endothelial growth factor inhibitors (VEGFis) have
transformed the treatment of many retinal diseases [1] but
are most commonly used in the management of diabetic
macular oedema (DME) [2], neovascular age-related macular
degeneration (nAMD) [3] and retinal vein occlusion [4]. The
VEGFi ranibizumab (Lucentis, Novartis UK, London,UK) and
aflibercept (Eylea, Regeneron Pharmaceuticals, Tarrytown,
NY, USA) were specifically designed for intravitreal treatment.
Bevacizumab (Avastin, Genentech, South San Francisco, CA,

USA) was originally developed for systemic administration in
the treatment of various cancers but is used extensively off-
label across the globe (less so in the UK) for retinal disease
because of the significant cost savings associated with using
a more established treatment. Brolucizumab (Beovu, Novartis
UK) is also licenced by the US Food and Drug Administration
(2019) and the European Medicines Agency (2020) after
landmark studies showed efficacy for the treatment of nAMD
and DME. Due to its more recent marketing authorisation,
brolucizumab is not considered further in this review.

A treatment course of intravitreal VEGFi typically consists
of a loading phase of monthly injections over 2–4 months
followed by an extension phase based on the treatment
response. These treatments are commonly used in patients
with diabetes:≈50% of patients with type 1 diabetes and>25%
of patients with type 2 diabetes have evidence of diabetic
retinopathy [5]. Although only 2–4% of patients with diabetes
require ophthalmic treatment, the absolute number of people
with any diabetic eye disease is forecast to increase in Europe
from 6.4million to 8.6million in 2050, which will substantially
increase the number of patients eligible for intravitreal VEGFi
treatment [6].

In the case of bevacizumab, intravitreal VEGFi is admin-
istered at <15% of the intravenous dose and was previously
thought to exert predominantly local effects within the eye [7];
however, increasing evidence supports pronounced systemic
absorption [8]. In 56 patients with age-related macular
degeneration, intravitreal administrations of ranibizumab,
aflibercept and bevacizumab were all rapidly detectable in
the circulation [9]. Ranibizumab (48-kDa monoclonal anti-
body fragment) was cleared relatively quickly (within days),
but aflibercept (115-kDa fusion protein) and bevacizumab
(149-kDa full-length monoclonal antibody) accumulated over
repeated doses and suppressed free plasma VEGF [9] for at
least 7 days [9] and up to 30 days after intravitreal injection
[10]. In 82 patients with nAMD, intravitreal administration of
bevacizumab was associated with both de novo blood pressure
(BP) dysregulation and exacerbation of pre-existing hyper-
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tension [11], although this has not been a consistent finding
in all studies nor for all intravitreal VEGFi treatments [12].
SystemicVEGFi, whenused primarily as an anticancer therapy,
is almost universally associated with the development or exac-
erbation of hypertension [13]. Hypertension and endothelial
damage associated with VEGFi are associated with end-organ
damage, including heart failure [14], nephropathy and kidney
failure [13]. Caution is advised in administering systemic
VEGFi in patients with pre-existing hypertension, proteinuria,
cardiovascular disease and severe kidney impairment, and
monitoring for hypertension, proteinuria and heart failure is
recommended [15]. No such monitoring recommendations
exist for intravitreal VEGFi administration.

Particularly in patients with diabetes—already at a higher
risk of end-organ damage—the potential for systemic ab-
sorption of intraocular therapies and accelerated albuminuria,
heart failure and progression to end-stage kidney disease is
a major concern. The cardiorenal side effects of intravitreal
VEGFis may be identifiable from initial trials: any cardiorenal
safety signal seen in these groups should highlight the need for
greater vigilance in patients receiving VEGFi, either systemi-
cally for cancer or locally for ophthalmological indications.

The aims of this review were to identify the prevalence
of cardiorenal side effects after intravitreal administration of
VEGFi and to identify factors associated with cardiorenal side
effects after intravitreal VEGFi administration.

MATERIALS AND METHODS
This review was prospectively registered on PROSPERO
(CRD42020189037) and reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) methodology. PICOS (Population, Intervention,
Comparison, Outcome, Setting) criteria for inclusion are
detailed in Table 1.

Types of studies
Randomised controlled trials that report outcomes in

those receiving intravitreal VEGFi treatments versus control
groups [no treatment/shamor non-VEGFi treatment (e.g. laser
photocoagulation)] were eligible for inclusion. We included
trials that administered a minimum of two intravitreal injec-
tions of VEGFi with follow-up for at least 4 weeks with a
minimum of 20 participants.

Types of participants
Participants receiving VEGFi treatment for any eye dis-

ease, with any baseline level of eye disease, cardiovascular
disease and kidney function, were eligible for inclusion. The
following was recorded for all eligible studies: VEGFi type,
number of injections (intended or mean administered dose),
duration of VEGFi treatment and duration of follow-up. We
intended to record baseline demographics for the included
populations: sex, age, ethnicity, kidney function [estimated
glomerular filtration rate (eGFR)], BP, urinary protein content
(spot urinary protein:creatinine ratio or albumin:creatinine

Table 1: PICOS criteria for study inclusion.

Population Any maculopathy
Any baseline level of eye disease, cardiovascular disease
and kidney function

Intervention Intravitreal VEGF inhibitor, with a minimum of two
injections:

Bevacizumab
Ranibizumab
Aflibercept

Comparison Control group
No treatment
Sham treatment
Non-VEGFi treatment, e.g. laser photocoagulation

Outcomes Cardiorenal outcomes:
Hypertension
Proteinuria
New or worsening heart failure
Heart failure hospitalisation
New CKD (de novo reduction in eGFR to
<60 ml/min/1.73 m2)
Decrease in eGFR by ≥30%
Doubling serum creatinine
Need for dialysis or transplant
eGFR slope
Arterial thrombotic cardiovascular events: MI, stroke,
peripheral arterial disease
Venous thromboembolism: pulmonary embolus,
deep vein thrombosis
Death from cardiovascular cause (MI, stroke, HF)
Death from kidney failure
All-cause mortality

Setting Randomised controlled trials

ratio or 24-h urine protein:albumin ratio), hypertension (or
prescription of antihypertensive medications), diabetes (%)
and cardiovascular disease, including coronary artery disease,
myocardial infarction (MI), stroke, peripheral arterial disease
(%) and heart failure (%) and severity [ejection fraction (EF)]
if available.

Types of interventions
We examined the followingVEGFis delivered as intravitreal

injections with a minimum of two injections, assuming there
were follow-up data available at least 4 weeks after the inter-
ventions started: bevacizumab, ranibizumab and aflibercept.

Outcome measures
We extracted data on the following outcome measures,

where available: hypertension, proteinuria, new or worsening
heart failure, heart failure hospitalisation, new CKD (defined
as de novo reduction in eGFR to <60 ml/min/1.73 m2), a
decrease in eGFR by ≥30%, doubling of serum creatinine,
need for dialysis or transplant, eGFR slope, arterial thrombotic
cardiovascular events (MI, stroke, peripheral arterial disease),
venous thromboembolism (pulmonary embolus, deep vein
thrombosis), all-cause mortality, death from a cardiovascular
cause (MI, stroke, heart failure) and death from kidney failure.
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Search strategy
The search period spanned 1966 to the end of May 2020.

We searched PubMed, Cochrane Library (CENTRAL), Google
(for grey literature) and the ISRCTN registry (for ongoing
studies) for relevant studies. Hand searching was performed,
including references of included articles and references from
previous reviews of intravitreal VEGFi therapy. No language
restriction was applied to eligible reports (although there were
no identified reports that were not published in English).
Abstracts were eligible for inclusion if relevant data were
available (although no studies were included in abstract-only
form).

Search terms
We used the following search terms to identify eligible

reports: (vascular endothelial growth factor OR VEGF OR be-
vacizumabOR ranibizumabOR aflibercept) AND (intravitreal
OR intraocular) AND (clinical trial OR randomized controlled
trial).

Review methods
All possible randomised controlled trials were identified

independently by two researchers (J.S.L. and S.J.H.D.) and
entered into Mendeley Reference Manager software. Two
researchers independently assessed titles and abstracts of
all possible relevant studies. When eligibility was not clear
from the title and/or abstract, the full article was reviewed.
Differences were resolved by discussion between the two
researchers. Data were abstracted by two researchers (J.S.L.
and S.J.H.D.) using a pre-specified form. Where available, the
trial registration identifier (from clinical trial registries) was
extracted to identify repeat publications for each trial. The
first relevant trial publication was included, as this tended to
contain the most complete baseline demographic information.
We performed an exploratory search using the trial identifier
from each included trial to perform a targeted search for later
trial publications with the maximum published duration of
follow-up that also reported cardiorenal outcomes.

Statistical analysis
Weconducted frequentistmeta-analysis to report risk ratios

(RRs) and 95% confidence intervals (CIs) using fixed effects
models, stratified for VEGFi type, where adequate data were
available for outcomes of interest. Weights were assigned
by the inverse variance method. Statistical heterogeneity
was assessed using I2 (≥50% was considered to represent
significant heterogeneity) and τ 2 (as an estimate of between-
study heterogeneity; a lower value suggests lower between-
study heterogeneity). Meta-regression models were used to
assess potential sources of heterogeneity, including VEGFi
type, number of injections, duration of treatment and treated
eye disease (diabetic versus non-diabetic indication). Variables
accounting for heterogeneity among studies were identified if
their inclusion in the model resulted in a significant reduction
in τ 2. Meta-regression identified treated eye disease (diabetic

Initial search: n=1503 
• PubMed n=1481 
• Cochrane n=16 
• Controlled trials n=6 ongoing 
• Google: no additional suitable articles

Not eligible: n=165
• Not trial n=161
• Duplicates n=1
• Review articles n=3

Full texts reviewed
n=237

Not eligible: n=159 
• Ineligible by trial design n=129
• Repeat trial publications n=25
• Not available n=5 

Full texts included
n=78

Figure 1: Flow chart of included studies and reasons for exclusion.

versus non-diabetic) as a significant source of heterogeneity for
death outcome: forest plots were generated for all cardiorenal
outcomes and were stratified by diabetic versus non-diabetic
eye disease. Evidence of publication bias was sought by visual
inspection of funnel plots and trim-and-fill analysis.

RESULTS
Trial characteristics
Of 1503 articles identified on systematic searching, there

were 78 eligible full texts containing 81 comparisons in 13 175
participants (Fig. 1). There were 31 comparisons of intravitreal
bevacizumab {mean 4.0 injections [standard deviation (SD)
2.4]}, 44 comparisons of intravitreal ranibizumab [mean 8.3
injections (SD 6.3)] and 6 comparisons of intravitreal afliber-
cept [mean 7.2 injections (SD 1.6)]. The median duration of
treatment was 10.5 months [interquartile range (IQR) 3–12]
and the median duration of follow-up was 12 months (IQR 6–
12) (Table 2).

There were 37 trials performed for diabetic indications
(27 diabetic macular oedema and 10 proliferative diabetic
nephropathy), 11 trials for nAMD, 23 for retinal vein occlusion
and 10 for other indications (most commonly for neovascular
glaucoma or polypoidal choroidal vasculopathy; Table 2).
In the 44 trials conducted for non-diabetic indications, the
presence or absence of diabetes at baseline was recorded in 7
trials (15.9%).

Across all trials, there was a male preponderance of 55.3%
and the mean age was 63 years (SD 8). Ethnicity was recorded
in 58.0% of studies; of these, 80.9% of trials had a Caucasian
majority.

Baseline comorbidities
Baseline BP or a history of hypertension was recorded

in nine trials (11.0%; 1690 participants), unspecified
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Figure 2: Forest plot of RRs for hypertension: frequentist meta-analysis using fixed and random effects models, stratified by diabetic versus
non-diabetic eye disease.

cardiovascular disease in two trials (2.4%; 1115 participants)
trials, previous MI or stroke in one trial (1.2%; 702
participants) and eGFR in one trial (1.2%; 41 participants:
Table 2). Baseline proteinuria or a history of heart failure was
not reported in any trial.

Cardiorenal outcomes
Cardiorenal outcomes were reported in only a minority of

trials. Of these, hypertension was recorded most often in 29
trials (35.4%; 8570 participants). Hypertension was not more
common in those treated with VEGFi versus controls [7.3
versus 5.4%; RR 1.08 (95% CI 0.91–1.28), P = .369; Fig. 2].

New or worsening heart failure was recorded in 10 trials
(12.2%; 3384 participants), with an incidence of 2.8% versus
3.2% in VEGFi-treated patients and controls, respectively [RR
1.03 (95% CI 0.70–1.51), P = .894; Fig. 3A]; proteinuria
was recorded in 5 trials (6.1%; 1902 participants) and was
detectable in some VEGFi-treated participants (0.2%) but not
controls [0.0%; RR 4.43 (95% CI 0.49–40.0), P= .185; Fig. 3B].
De novo CKD or nephropathy was recorded in nine trials
(11.0%; 3471 participants), with a similar proportion in the
VEGFi (1.8%) versus control groups [1.4%; RR 1.00 (95% CI
0.55–1.81), P = 1.00; Fig. 3C]; however, absolute values of
eGFR were not recorded in any trial. Meta-regression analyses
did not identify any variation in heterogeneity according to
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VEGFi subtype, number of injections, duration of treatment or
eye disease treated (Supplementary Table S1). Funnel plots and
trim-and-fill analyses did not detect any substantial evidence
of publication bias for any of the outcomes (although the
proteinuria outcome was not tested due to insufficient data;
Supplementary Figs. S2–S4).

Arterial thrombotic cardiovascular events and death
In 39 comparisons (48.1%) including 10 133 participants,

the absolute incidence of arterial thrombotic cardiovascu-
lar events (MI, stroke and peripheral arterial disease) was
similar in the VEGFi-treated groups compared with controls
[3.2 versus 3.0%, respectively; RR 1.19 (95% CI 0.95–1.48),
P = .122; Supplementary Fig. S1). In 41 comparisons (50.6%;
9877 participants), the rate of all-causemortality was similar in
the VEGFi and control groups [1.6 versus 1.3%; RR 1.24 (95%
CI 0.89–1.73), P = .198]. Meta-regression analysis identified
an increased risk of death in patients treated for diabetic
eye disease (Supplementary Table S1 and Supplementary Fig.
S5). In the subgroup of participants treated for diabetic eye
disease, the rate of all-causemortalitywas higher in theVEGFi-
treated group [RR 1.62 (95% CI 1.04–2.46), P = .020; Fig. 4].
Funnel plots and trim-and-fill analyses did not detect any
substantial evidence of publication bias for cardiovascular
event (Supplementary Fig. S6) or all-cause mortality models
(Supplementary Fig. S7).

Longer follow-up studies
Three studies were identified as constituting extended

follow-up from initial trials and reporting cardiorenal adverse
events or death [16–18]. Of these, none were suitable for
additional analysis: two were excluded, as all treatment groups
were eligible to receive intravitreal VEGFi [17, 19] and one
was excluded because it reported total systemic adverse events
per group without quantifying cardiorenal events and/or death
[18].

DISCUSSION
We have not identified an increased risk of cardiorenal
outcomes—including hypertension, proteinuria, heart failure
and de novoCKD—in randomised controlled trials of intravit-
real VEGFis nor have we identified an increased risk of arterial
thrombotic cardiovascular events, even though populations in
which these agents are used are at high risk for these events.
However, there are insufficient reported data to definitively
confirm or refute any link between these agents and adverse
cardiorenal outcomes. In the subgroup of patients treated for
diabetic eye disease, we identified an increased risk of death
associated with VEGFi treatment.

This is the first systematic review to explore the incidence
and reporting of renal adverse events and heart failure after in-
travitreal VEGFi. Prior reviews have made a disproportionate
effort to capture arterial thrombotic cardiovascular events and
death [20–23], although mechanistically hypertension, heart
failure and CKD are more likely sequelae [24]. In a systematic

review of systematic reviews, intravitreal VEGFi treatments
were not found to be associated with an increased risk of
systemic adverse events, predominantly focusing on arterial
thrombotic cardiovascular events and death [20]. However, in
restricted analyses in participants with diabetic eye disease,
associations have been demonstrated between intravitreal
VEGFi and risk of stroke and vascular death [22] and with all-
cause mortality [25]. We have similarly found an association
between intravitreal VEGFi and death in the subset of patients
treated for diabetic eye disease.

If intravitreal VEGFis are associated with a higher risk
of premature death, this may have important implications
for informed consent for patients with diabetes and kidney
disease, who are already at higher risk from their underlying
disease. However, the absolute risk of death associated with
VEGFis may be outweighed by benefits to quality of life, such
as preservation of visual acuity in VEGFi-treated patients. We
do not believe the current trial data are adequate to quantify
differences in the absolute risks—of death with treatment and
visual loss without—to inform the consent process. First, only
a minority of trials report cardiorenal, arterial thrombotic
and death events: the risk of death or other significant events
may be underestimated due to underreporting. Second, the
duration of follow-up in trials is relatively short: except one
trial with a 5-year follow-up, themaximumobservation period
in the included trials was 2 years. This is unlikely to be
long enough to capture the cumulative risks associated with
prolonged treatment with intravitreal VEGFis, particularly as
kidney disease and heart failure may not manifest clinically
until much later in the disease course. Third, patients in
higher-risk populations, such as those with diabetes, pre-
existing CKD, heart failure or a combination of these may be at
increased risk, but this is not adequately recorded to assess in
current trials. Fourth, it has been observed that patients with
multiple medical conditions are underrepresented in clinical
trials [26], with higher recorded adverse events in the general
population compared with the trial populations [27]: this is
also likely to be true for trials of intravitreal treatments. We
may be able to quantify absolute risks of visual loss, cardiorenal
side effects and death through the analysis of large, long-
term, real-world databases (‘big data’); however, with many
confounding factors in population studies, particularly in
cohorts of patients requiring VEGFis for diabetic eye disease,
we acknowledge that it will be challenging to identify causal
relationships.

We have not identified an increased risk of cardiorenal
outcomes in intravitreal VEGFi-treated participants in the
published trials. Since hypertension is an almost ubiquitous
sequela in patients treated with intravenous VEGFi [24], it
may be that the definitions or thresholds used within the
trials were not sensitive enough to detect treatment-related
hypertension. None of the 29 trials reporting hypertension
as an outcome specified a definition of hypertension and
there were inadequate raw data reported to assess absolute
changes in BP over the treatment period. Similarly, reporting of
renal outcomes were inconsistent, insensitive and non-specific
across studies. One trial [28] reported>10 renal complications
(including ‘acute kidney injury’, ‘acute renal failure’, ‘chronic
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kidney disease’, ‘kidney failure’, ‘end-stage kidney disease’),
many of which are likely to be overlapping. It is impossible
to know whether raw data values are available in the trial site
files but have not reached publication. This review illustrates
the potential utility of presenting absolute values of pre- and
post-treatment BP, proteinuria, kidney function (e.g. eGFR)
and objective measures of heart failure (e.g. N-terminal brain
natriuretic peptide and left ventricular EF) in patients treated
with VEGFis by any route. These would be substantially more
informative and sensitive to detecting treatment-related side
effects.

Recent evidence highlights the importance of assessing and
reporting important systemic outcomes in trials, particularly
in high-risk groups. Rosiglitazone was previously used widely
for glycaemic control in type 2 diabetes; however, scrutiny
of the published trial data showed that rosiglitazone was
unexpectedly associated with increased odds of MI and death
[29]. Bardoxolone methyl was tested to slow progression
of diabetic kidney disease, but the trial was stopped early
due to an increased rate of cardiovascular events in the
treatment group compared with placebo [30]. Atrasentan,
tested in patients with diabetic kidney disease, was shown
to reduce the risk of renal decline or end-stage kidney
disease, but there was a signal towards an increased rate
of heart failure hospitalisations [31]. In clinical practice,
hypertension, proteinuria, renal decline and heart failure are
all common in patients with diabetes. In the absence of
guidelines to test and monitor for cardiorenal side effects
after introducing intravitreal VEGFi, it may be difficult to
distinguish whether new or worsened cardiorenal effects are
related to the progression of diabetic complications or whether
they could have been exacerbated by intravitreal treatments.
There are numerous published case reports of de novo renal
sequelae after intravitreal VEGFi—particularly bevacizumab
and aflibercept—including proteinuria, hypertension, heart
failure and progressive renal injury [7, 32–35]. Ranibizumab
is similarly absorbed, but is cleared far more quickly due to
its structure and size. Although ranibizumab is associated
with fewer reports of cardiorenal side effects compared with
bevacizumab and aflibercept, it has also been associated
with hypertension, thrombotic microangiopathy and renal
injury [36–38]. It is desirable to scrutinise population and
prescription data to assess the prevalence of these cardiorenal
sequelae after intravitreal VEGFi treatments. If concerns about
cardiorenal safety are confirmed, this may encourage trialists,
regulators and guideline developers to monitor for these
potential sequelae, adjust ophthalmic treatment regimens
and provide better information for informed consent for
patients.

We acknowledge some limitations of this work. First and
most important, the cardiorenal adverse eventswere secondary
outcomes in these trials: only a limited number of trials
reported the incidence of our cardiorenal outcomes of interest,
limiting the power to detect a signal for cardiorenal side effects.
We did not find evidence of additional reporting of systemic
adverse events in secondary trial publications. Second, the

baseline cardiometabolic phenotype of the participants in
these trials was not well-described: both comorbidities and
absolute values of markers of cardiorenal disease (eGFR, BP,
proteinuria, EF) were rarely reported, although it is likely that
vital signs/BP were measured in most. It was not possible to
identify subgroups who may be at higher risk of cardiorenal
sequelae in the trial populations. Third, in the limited trials
that reported rates of cardiorenal adverse events, there was a
limited duration of follow-up to detect these risks over the
longer term—a common issue in prospective trials. Repeated
exposure to systemic absorption of VEGFis over a longer
time period may be associated with a high risk of developing
cardiorenal side effects that are not detectable within the
relatively short follow-up (range 3–60months, but themajority
<24 months).

CONCLUSION
In published trials of intravitreal VEGFis, we did not iden-
tify an increased risk of cardiorenal outcomes—including
hypertension, proteinuria, heart failure and de novo CKD—
however, there are insufficient data definitively to confirm or
refute any link between these agents and adverse cardiorenal
outcomes. In keeping with previous analyses, we did not
identify an increased risk of arterial thrombotic cardiovascular
events, but there was an increased risk of death in the
subgroup of patients treated with intravitreal VEGFis for
diabetic indications. However, there is increasing evidence
for systemic cardiorenal sequelae of intravitreal VEGFis.
Additional scrutiny of post-licensing population datamay help
identify if there are implications for cardiorenal safety and
monitoring when prescribing these medications, particularly
in high-risk patients with diabetes.
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