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Purpose: To examine whether patients with diabetic retinopathy receiving intravitreal anti-VEGF injections
are at increased risk of kidney function decline.

Design: Retrospective cohort study.
Participants: Included 187 patients who received intravitreal anti-VEGF injections for proliferative diabetic

retinopathy (PDR) and/or diabetic macular edema (DME), and 929 controls with non-PDR who did not receive
injections, at a large tertiary care center in Chicago, Illinois.

Methods: We queried our institutional enterprise data warehouse to identify patients with diabetic retinop-
athy, determined whether they received intravitreal anti-VEGF injections, and followed kidney function for all
patients over time.

Main Outcome Measures: We assessed time to sustained 40% decline in estimated glomerular filtration
rate (eGFR) from baseline in patients receiving intravitreal anti-VEGF injections and compared it with controls
using Kaplan-Meier and multivariable adjusted Cox proportional hazards regression models.

Results: This study included 1116 patients (565 female [50.6%]; mean [standard deviation {SD}] age, 57.3
[13.6] years; mean [SD] eGFR, 65.3 [32.1] ml/min/1.73 m2). Of these, 187 patients received � 1 intravitreal anti-
VEGF injection (mean [SD], 11.4 [13.1] injections) for PDR and/or DME, and 929 controls with non-PDR received
no injections. Intravitreal anti-VEGF injection use was not associated with an increased risk of kidney function
decline (hazard ratio [HR], 1.44; 95% confidence interval [CI], 0.97e2.15). Subgroup analyses revealed that use of
intravitreal anti-VEGF injections was associated with increased risk of kidney function decline in male patients
(HR, 1.87; 95% CI, 1.11e3.14) but not female patients (HR, 0.97; 95% CI, 0.50e1.89). Intravitreal anti-VEGF
injection use was also associated with an increased risk of kidney function decline in patients with baseline
eGFR > 30 ml/min/1.73 m2 (HR, 1.86; 95% CI, 1.15e3.01), but not in individuals with baseline eGFR � 30 ml/min/
1.73 m2 (HR, 0.97; 95% CI, 0.45e2.10). Among patients who received injections, receiving � 12 injections was
not associated with risk of kidney function decline (HR, 1.13; 95% CI, 0.52e2.49).

Conclusions: Intravitreal anti-VEGF injections for patients with diabetic retinopathy are overall well-tolerated
with respect to kidney function, but the use of intravitreal anti-VEGF injections was associated with an increased
risk of kidney function decline in certain subgroups of patients.
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Intravitreal anti-VEGF therapy has revolutionized the
treatment paradigms for numerous retinal conditions and is
now widely used in the treatment of sight-threatening
complications of diabetic retinopathy, including prolifera-
tive diabetic retinopathy (PDR) and diabetic macular edema
(DME).1e5 Aflibercept and ranibizumab have been
approved by the United States Food and Drug Administra-
tion to treat both PDR and DME, while bevacizumab is
commonly used off-label as a cost-effective alternative.
Since there is widespread adoption of these agents in the
treatment of diabetic retinopathy, investigation of the
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potential toxicities related to their use is essential to improve
the care of patients with diabetic retinopathy.

Prior studies demonstrated that patients who received
systemic administration of anti-VEGF agents developed
arterial thromboembolic events, proteinuria, and worsening
hypertension.6,7 Possible mechanisms of kidney injury
include glomerular thrombotic microangiopathy, endothelial
dysfunction, and microvascular dysfunction.8 Though these
agents are administered intravitreally in relatively small
doses, limited case reports suggested a potential association
between intravitreal anti-VEGF administration and kidney
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function decline.9e12 While a recent retrospective cohort
study suggested that there is no increased risk of major
adverse cardiovascular events with intravitreal therapy,13 less
is known about the risk of kidney function decline in a large
cohort of patients with proliferative diabetic retinopathy and/
or DME. To address this, we performed an institutional
retrospective cohort study of patients with diabetic
retinopathy to examine the association of intravitreal anti-
VEGF injections with the risk of kidney function decline.

Methods

Study Population

We queried the Northwestern Medicine Enterprise Data Warehouse
from February 1, 2008, to September 30, 2017, and identified all
patients over 18 years of age with type 1 or type 2 diabetes mellitus
using International Classification of Diseases, Ninth or 10th
Revision codes base 250 and base E11. Records were reviewed
until the time of death, date of last contact with the health care
system, or the study end date, whichever came first. We excluded
pregnant patients, dialysis patients, and kidney transplant re-
cipients. The study is in accordance with the principles of the
Declaration of Helsinki and was approved by the institutional re-
view board at Northwestern University with a waiver of informed
consent. All data except dates were de-identified.

Injection Cohort

The injection cohort consisted of patients who received � 1 uni-
lateral or bilateral intravitreal injections of bevacizumab, ranibi-
zumab, or aflibercept for PDR and/or DME, determined by
identification of a current procedural terminology code 67028
associated with a primary diagnosis of PDR and/or DME. To
define baseline kidney function and account for glycemic control,
we included patients who had a serum creatinine and hemoglobin
A1C (HbA1C) value within a year prior to their first injection.

Control Cohort

The control cohort consisted of patients with nonproliferative
diabetic retinopathy (NPDR) by International Classification of
Diseases, Ninth or 10th Revision codes who did not receive
intravitreal injections (Table S3). To assess baseline kidney
function and account for glycemic control, we included patients
who had a serum creatinine and HbA1C value within a year
prior to their first evaluation of NPDR.

Exposure and Outcomes

The primary exposure was the use of intravitreal anti-VEGF in-
jections for treatment of PDR and/or DME compared to no injec-
tion for the NPDR control group. The primary outcome was kidney
function decline, defined as a sustained 40% decline in estimated
glomerular filtration rate (eGFR) from baseline, which is consistent
with expert consensus and utilized in international clinical trials for
the outcome of kidney failure.14 We used the creatinine-based
Chronic Kidney Disease Epidemiology Collaboration 2009 equa-
tion to calculate eGFR.15 Sustained 40% eGFR decline was defined
as 3 consecutive eGFR values that were at least 40% lower from
the baseline eGFR value over a period of � 3 months.

Covariate Ascertainment

We collected patients’ information at the time of the baseline visit,
including demographics (age, sex, and race), medical history
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(hypertension, heart failure, and proteinuria), pertinent laboratory
data (HbA1C and eGFR), and medications that may impact kidney
function (anti-hypertensive medications, nonsteroidal anti-
inflammatory drugs, diuretics, antidiabetic agents, antimicrobials,
antireflux agents, immunosuppressants, systemic anti-VEGF
agents, aspirin, digoxin, lithium, pamidronate, probenecid,
phenytoin, and contrast dye). We used International Classification
of Diseases, Ninth or 10th Revision codes to define comorbid
conditions (Table S4). Table S5 shows generic names used to
classify medications.

Statistical Analysis

Descriptive statistics were summarized as mean � standard devi-
ation (SD) for continuous variables, and frequency distribution is
presented with percentages for categorical variables. We used
Fisher exact test and chi-square tests to compare frequency distri-
butions of categorical variables between 2 and multiple group
comparisons, respectively. For evaluations between continuous
variables and cohorts, we used t tests. We performed Kaplan-Meier
time-to-event analyses to examine the risk for the outcome with
differences assessed by the log-rank test. We used Cox propor-
tional hazards regression models to investigate the association of
intravitreal anti-VEGF injection use for PDR and/or DME
compared to no injection use for NPDR with the outcome. We
adjusted for baseline covariates including age, sex, race, hyper-
tension, medications, HbA1C, proteinuria, and baseline eGFR. We
performed prespecified subgroup analyses to assess whether the
association between the use of intravitreal anti-VEGF injections
and kidney function decline differed by sex or baseline eGFR (>
30 vs. � 30 ml/min/1.73 m2). Among patients who received
intravitreal anti-VEGF injections, we performed an additional
prespecified subgroup analysis to evaluate whether the use of > 12
intravitreal injections was associated with kidney function decline.
We confirmed no violations of the proportional hazards assumption
through assessment of Schoenfeld residuals. All statistical tests
were 2-sided, and P values < 0.05 were considered significant. All
analyses were conducted using R version 3.6.0.
Results

Baseline Characteristics of Study Population

We identified a total of 187 patients (97 female [51.9%])
who received � 1 intravitreal anti-VEGF injection for PDR
and/or DME, and 929 patients (468 female [50.4%]) with
NPDR who did not receive intravitreal anti-VEGF therapy,
from February 2008 to September 2017. Patients who had
PDR and/or DME received a mean (SD) of 11 (13) in-
jections over a mean (SD) of 21 (24) months. Median
(interquartile range) time from baseline eGFR measurement
to first intravitreal anti-VEGF injection was 53
(18.5e104.5) days. Median (interquartile range) time be-
tween injections was 35 (28e56) days.

Table 1 shows the baseline characteristics of patients
who did and did not receive intravitreal anti-VEGF in-
jections. Patients who had PDR and/or DME and received
intravitreal anti-VEGF injections were older (mean [SD]
age, 59.3 [12.5] vs. 57.0 [13.8] years; P ¼ 0.03), had a
lower baseline eGFR (58.0 [31.0] vs. 66.8 [32.2] ml/min/
1.73 m2; P ¼ 0.001), and had a greater prevalence of hy-
pertension (94.1% vs. 75.1%; P < 0.001), heart failure
(16.6% vs. 10.4%; P ¼ 0.02), chronic kidney disease (CKD)



Table 1. Baseline Characteristics of Study Participants

Injection Cohort (n [ 187) Control Cohort (n [ 929) P Value

Age, mean (SD), years 59.3 (12.5) 57.0 (13.8) 0.027
Female (%) 97 (51.9) 468 (50.4) 0.770
Race (%) 0.062
White 79 (42.4) 438 (47.1)
Black 69 (36.9) 263 (28.3)
Other 39 (20.9) 228 (24.5)

Medical history (%)
Hypertension 176 (94.1) 698 (75.1) < 0.001
Heart failure 31 (16.6) 97 (10.4) 0.023
Proteinuria 62 (33.2) 93 (10.0) < 0.001

Medications (%)
Anti-hypertensives 167 (89.3) 784 (84.4) 0.107
NSAIDs 132 (70.6) 621 (66.8) 0.362
Other nephrotoxic medications* 118 (63.1) 624 (67.2) 0.322

HbA1C, % 8.06 (1.93) 8.37 (2.16) 0.069
Baseline eGFR, ml/minutes/1.73 m2 58.0 (31.0) 66.8 (32.2) 0.001

DME ¼ diabetic macular edema; eGFR ¼ estimated glomerular filtration rate (calculated via Chronic Kidney Disease Epidemiology Collaboration 2009
formula); HbA1C ¼ hemoglobin A1C value; NPDR ¼ nonproliferative diabetic retinopathy; NSAIDs ¼ non-steroidal anti-inflammatory drugs; PDR ¼
proliferative diabetic retinopathy; SD ¼ standard deviation.
The injection cohort consists of patients who received anti-VEGF injections for PDR and/or DME. The control cohort consists of patients with NPDR who
did not receive anti-VEGF injections.
Data presented as count (percentage) and mean (SD).
*Diuretics, antidiabetic agents, antimicrobials, anti-reflux agents, immunosuppressants, systemic anti-VEGF agents, aspirin, digoxin, lithium, pamidronate,
probenecid, phenytoin, and contrast dye.
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(50.8% vs. 37.6%; P ¼ 0.001), and proteinuria (33.2% vs.
10.0%; P < 0.001) compared to patients with NPDR who
did not receive intravitreal anti-VEGF injections.

Association of Intravitreal Anti-VEGF Injections
with Kidney Function Decline

The mean follow-up time was approximately 46 months in
the control cohort and 34 months for the injection cohort.
During the study period, 33 patients with PDR and/or DME
(17.6%) and 131 patients with NPDR (14.1%) experienced a
Figure 1. Time to sustained 40% decline in estimated glomerular filtration
rate by intravitreal anti-VEGF injection use.
sustained 40% eGFR decline. Intravitreal anti-VEGF use in
patients with PDR and/or DME was associated with an
increased risk of kidney function decline (log rank P ¼
0.006) (Fig 1). Figure 2 shows the multivariable adjusted
association of intravitreal anti-VEGF therapy with kidney
function decline. Age, sex, hypertension, use of nephrotoxic
medications, baseline eGFR, baseline HbA1C, and pro-
teinuria were significantly associated with kidney function
decline and confounded the association between the use of
intravitreal anti-VEGF injections and kidney function
decline. In the fully multivariable adjusted model, the use of
intravitreal anti-VEGF injections was associated with a
nominally higher, but statistically nonsignificant, risk of
kidney function decline (hazard ratio [HR], 1.44; 95%
confidence interval [CI], 0.97e2.15).

Subgroup Analyses

We performed prespecified subgroup analyses to understand
whether the association of intravitreal anti-VEGF therapy
with kidney function decline differed by sex or baseline
kidney function. Table 2 shows the multivariable adjusted
associations of intravitreal anti-VEGF injection use with
kidney function decline stratified by sex, baseline kidney
function (> 30 vs. � 30 ml/min/1.73 m2), and number of
injections. Intravitreal anti-VEGF injection use was associ-
ated with kidney function decline in males (HR, 1.87; 95%
CI, 1.11e3.14) but not females (HR, 0.97; 95% CI,
0.50e1.89) in multivariable adjusted models. Intravitreal
anti-VEGF injection therapy was also associated with
kidney function decline in patients who had a baseline
eGFR > 30 ml/min/1.73 m2 (HR, 1.86; 95% CI,
3



Figure 2. Association of anti-VEGF therapy with kidney function decline.
eGFR ¼ estimated glomerular filtration rate; HbA1C ¼ hemoglobin A1C.
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1.15e3.01), but not in patients who had a baseline eGFR �
30 ml/min/1.73 m2 (HR, 0.97; 95% CI, 0.45e2.10). Among
patients who received injections for PDR and/or DME, there
was no significant difference between patients who received
� 12 or < 12 injections (HR, 1.13; 95% CI, 0.52e2.49).
Discussion

In this retrospective cohort study of individuals with dia-
betic retinopathy, the use of intravitreal anti-VEGF in-
jections was not significantly associated with kidney
function decline. In exploratory prespecified analyses, we
found that specific subgroups including male patients and
those with a baseline eGFR > 30 ml/min/1.73 m2 may have
an increased risk of kidney function decline. Our findings
warrant additional research to investigate whether intra-
vitreal anti-VEGF injections worsen kidney function in
specific subgroups of patients with diabetic retinopathy.

Intravitreal anti-VEGF injections are effective treatments
for PDR and DME that function by inhibiting VEGF-
induced neovascularization and increased vascular
Table 2. Association of Intravitreal Anti-VEGF Injection

N N Events

Sex*
Male 551 85
Female 565 79

eGFR*
> 30 923 117
� 30 193 47

Number of injectionsy

� 12 vs. < 12 187 33

CI ¼ confidence interval; DME ¼ diabetic macular edema; eGFR ¼ estimate
miology Collaboration 2009 formula); HbA1C ¼ hemoglobin A1C value; HR
proliferative diabetic retinopathy.
*HR compares patients receiving intravitreal anti-VEGF injections for PDR an
adjusted for baseline eGFR, age, HbA1C, race, proteinuria, heart failure, hyper
yHR compares patients receiving � 12 anti-VEGF injections for PDR and/or DM
for baseline eGFR, age, HbA1C, sex, and proteinuria.
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permeability. Prior studies have demonstrated that intra-
vitreal anti-VEGF injections may enter the systemic circu-
lation, which results in significant suppression of serum
VEGF levels16e18 and poses an increased risk to highly
vascular organs dependent on VEGF signaling. In the kid-
ney, VEGF is physiologically expressed by podocytes and
activates receptors on glomerular endothelial cells.19

Disruption of this interaction results in endotheliosis,
impairment of glomerular filtration, and proteinuria.8

Kidney biopsies of patients treated with systemic anti-
VEGF therapy demonstrated features of subacute throm-
botic microangiopathy, which may suggest a potential
mechanism for the pathogenesis of anti-VEGF-induced
kidney injury.20 Thus, anti-VEGF agents may impair kid-
ney function in susceptible patients even when administered
via intravitreal injection. Given the widespread use of
intravitreal anti-VEGF injections, with potential expansion
to other indications such as moderately severe to severe
NPDR,21 further research is needed to determine whether
additional monitoring is necessary to reduce the risk of
kidney function decline.

A recent cohort study analyzed the effects of intravitreal
anti-VEGF injections on cardiovascular outcomes and found
no association with increased risk of myocardial infarction
or stroke.13 Our findings also suggest that anti-VEGF in-
jections are overall well-tolerated with respect to kidney
function. Interestingly, we did not identify a dose effect, as
the subgroup receiving � 12 intravitreal anti-VEGF in-
jections did not demonstrate an increased risk of sustained
decline in kidney function compared with the subgroup
receiving < 12 injections. This may suggest an association
with kidney function decline in certain predisposed in-
dividuals, regardless of the number of injections received.

Our exploratory subgroup analyses found that the use of
intravitreal anti-VEGF injections may be associated with
kidney function decline in men and patients without
advanced CKD (eGFR > 30 ml/min/1.73 m2). Our finding
of a sex-related disparity is consistent with other studies that
have also shown sex-related disparities in CKD progression
Use With Kidney Function Decline Among Subgroups

HR 95% CI P Value

1.87 1.11e3.14 0.02
0.97 0.50e1.89 0.92

1.86 1.15e3.01 0.01
0.97 0.45e2.10 0.95

1.13 0.52e2.49 0.76

d glomerular filtration rate (calculated via Chronic Kidney Disease Epide-
¼ hazard ratio; NPDR ¼ nonproliferative diabetic retinopathy; PDR ¼

d/or DME to control patients with NPDR not receiving injections. Models
tension, and use of nephrotoxic medications.
E to those receiving < 12 injections for PDR and/or DME. Model adjusted
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where women have a lower risk of progression compared
with men, possibly due to differential effects of sex hor-
mones or sex-related differences in lifestyle factors.22e24

Our finding of a stronger association among those without
advanced CKD is interesting, as patients with more
advanced CKD are generally at greater risk of progression.25

A potential explanation is that in the setting of more
preserved eGFR, any deleterious effect of intravitreal anti-
VEGF therapy may be more significant than that at lower
levels of kidney function, when other factors that contribute
to CKD progression may be more important. Further
research is needed to identify subgroups of patients who
receive intravitreal anti-VEGF injections at risk of kidney
function. If our findings are confirmed, follow-up studies
should determine whether frequent monitoring of kidney
function is warranted in certain at-risk subpopulations, and
whether treatment adjustments such as reduced frequency of
injections may be appropriate.

The strengths of our study include the use of a large
cohort of patients with diabetic retinopathy and follow-up
data to assess change in kidney function over time. How-
ever, our study has several limitations that need consider-
ation. Although we adjusted for multiple covariates, the
retrospective nature and use of administrative codes may
lead to residual confounding of unmeasured covariates. Our
results emanated from a single academic center and must be
interpreted with caution. Although our study included a
relatively large sample size, the follow-up time was
relatively short, which may limit our ability to detect the
long-term implications of intravitreal anti-VEGF agents on
kidney function. We were unable to evaluate the effects of
the different intravitreal anti-VEGF agents on kidney func-
tion due to our sample size, though this should be investi-
gated in follow-up studies. We were further unable to
account for severity of NPDR among controls, or for
severity of PDR and/or DME among those receiving in-
jections. Since individuals with more severe ophthalmic
microvascular disease may also be at increased risk of
kidney microvascular disease, this should also be investi-
gated in future studies.
Conclusions

In this exploratory analysis, use of intravitreal anti-VEGF
injections was not associated with kidney function decline
in all patients with diabetic retinopathy but may be associ-
ated with kidney function decline in men and patients
without advanced CKD. Ophthalmologists should have
heightened awareness of the potential for kidney injury and
consider co-ordinating care with nephrologists and primary
care physicians to monitor kidney function in patients
receiving these injections. Ultimately, further prospective
studies are needed to confirm these findings and identify
specific cohorts of patients at particularly high risk for
kidney function decline with intravitreal anti-VEGF therapy.
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