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Association between Ranibizumab Injections and Risk of Acute
Myocardial Infarction in Age-related Macular Degeneration:
A Case-crossover Study
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Purpose: This study aimed to evaluate the risk of acute myocardial infarction (AMI) associated with intravitreal

ranibizumab in age-related macular degeneration (AMD).

Methods: This nationwide retrospective case-crossover study using data from the Korean National Health In-
surance Service database included patients diagnosed with exudative AMD using the registration code for
exudative AMD (V201) from 2009 to 2014. We identified all incident AMI cases among these exudative AMD
cases from inpatient claims and defined the index date as the date of hospitalization. For each patient, we
defined the case period as one to 60 days and four control periods as 121 to 180, 181 to 240, 241 to 300, and
301 to 361 days, respectively, before the index date. A prescription of ranibizumab was searched for during
the case and control periods. We calculated the adjusted odds ratios and their 95% confidence intervals using

a conditional logistic regression model.

Results: From a cohort of patients with exudative AMD (n = 41,860), a total of 181 AMI patients with exudative
AMD were included. Among all the patients, 11.05% were treated during the 2 months preceding the index
date as compared with 8.29% to 9.39% treated during control periods. The adjusted odds ratio of AMI asso-
ciated with intravitreal ranibizumab during the preceding 2 months was 1.22 (95% confidence interval, 0.673—
2.213; p = 0.5124). Analyses based on case periods of 15 days and 1 month yielded similar results.

Conclusions: Intravitreal ranibizumab injection does not appear to increase the risk of hospitalization for AMI

within 60 days in exudative AMD patients.
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Age-related macular degeneration (AMD) is a leading
cause of blindness worldwide [1]. Vascular endothelial
growth factor (VEGF) was found to play a key role in the
development of exudative AMD [2,3]; hence, VEGF inhib-
itors have become the mainstay of treatment for this condi-
tion [1,4].

Despite the obvious effectiveness of VEGF inhibitors in
restoring and improving the vision of patients with exuda-
tive AMD, the nature of possible adverse effects on the
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systemic vasculature remain uncertain. VEGF has a pro-
tective effect against atherothrombotic disease by having
important functions in vascular pathophysiology, including
the development of collateral circulation, restoration of the
damaged endothelium, and hypotensive effects [5-7]. In
contrast, VEGF also stimulates the formation of microves-
sels inside the atherosclerotic plaque, inducing disease pro-
gression [8]. Therefore, anti-VEGF therapies have both in-
hibitory and promotive effects on atherothrombotic
disease, and controversy has arisen as to whether an-
ti-VEGF therapies and their extended administration may
lead to an increased risk of systemic thromboembolic
events [9].

Some population-based studies have reported that ran-
ibizumab, an anti-VEGF inhibitor developed for AMD
treatment, is associated with the development of coronary
artery disease [10,11]. However, most other studies includ-
ing pivotal randomized controlled trials (RCTs) have
shown no association between coronary artery disease de-
velopment and ranibizumab treatment [1,12-14]. Since
AMD itself shares similar risk factors and pathologic
mechanisms with those of cardiovascular disease [15,16], it
is necessary to identify whether ranibizumab treatment for
AMD further increases the risk of acute myocardial in-
farction (AMI).

Thus, we conducted a case-crossover study to investigate
the association of intravitreal ranibizumab use with the
risk of AMI in patients with exudative AMD using nation-
wide medical claims data in South Korea.

Materials and Methods

Ethics statement

This retrospective nationwide cohort study was approved
by the institutional review board of the National Health In-
surance Service Ilsan Hospital. The study design was re-
viewed and approved by the institutional review board of
the National Health Insurance Service Ilsan Hospital,
Gyeonggi-do, Korea (NHIMC 2015-02-021). The study ad-
hered to the tenets of the Declaration of Helsinki, and the
need for written informed consent from participants was
waived.
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Database

This study used data from the National Health Insurance
Service’s National Comorbidity Survey (2002-2013)
(NHIS-2015-1-069), which was released by the Korean Na-
tional Health Insurance Service (KNHIS). The database
included the entire population of South Korea (n =
47,990,760), and we used the data collected from 2009 to
2014.

All Korean residents are obligated to enroll in the KN-
HIS and their claims are accompanied by data regarding
diagnostic codes, hospitalization, procedures, drug pre-
scriptions, personal information, and information about
the hospital. No patient health care records are duplicated
because all Korean residents receive a unique identification
number at birth. Furthermore, the KNHIS uses the Korean
Classification of Diseases (KCDs), which is a system simi-
lar to the International Classification of Diseases. In 2007,
the NHIS initiated a copayment reduction of up to 90% for
patients suffering from 138 rare and intractable disorders,
including exudative AMD. Patients with exudative AMD
who registered in the program were eligible for the copay-
ment reduction after receiving a confirmed diagnosis from
an ophthalmologist based on the NHIS diagnostic criteria.
After registration, all exudative AMD-related claims con-
tain the exudative AMD registration code (V201) in addi-
tion to the diagnostic code for exudative AMD (H3531).

Study sample

We identified 41,860 patients with exudative AMD using
the registration code for exudative AMD (V201) among
beneficiaries 40 years of age or older during the 6-year
study period (2009-2014). Among these patients, we iden-
tified those who had been hospitalized for AMI (n = 687).
The data of patients regarding such were available from
2005, and we established a 4-year washout period by ex-
cluding cases identified from 2005 to 2008 to remove any
potential preexisting exudative AMD (n = 200). Addition-
ally, patients who were diagnosed with AMI before regis-
tration for exudative AMD were excluded (n = 306). Ulti-
mately, we enrolled patients with an incident AMI after
their exudative AMD diagnosis as cases (n = 181), defined
as those with a primary diagnosis of hospitalization for
AMI and coded as KCD 1219. The onset of AMI (index
date) was defined as the date of the first time of hospital-
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ization with a diagnosis of AMI. Fig. 1 presents the flow-
chart of subject enrollment. Sociodemographic and clinical
characteristics were recorded.

Data on drug exposure and confounding factors

Ranibizumab (0.5 mg only) therapy has been reimbursed
by the NHIS since 2009. For this research, we collected
drug prescription and intravitreal injection data on the use
of ranibizumab. We included patients with both prescrip-
tion (electronic data interchange [EDI] code 653600320/
E01631541) and intravitreal injection (S5070) codes on the
same day; thus, there was not a significant time lag be-
tween the timing of drug prescription and intravitreal in-
jection. We additionally collected information on patients’
age; gender; number of injections; and comorbidities in-

41,860 Patients registered for exudative AMD (V201)
from 2009-2014

687 Patients hospitalized for AMI

cluding diabetes mellitus, hypertension, chronic pulmo-
nary disease, chronic liver disease, cardiovascular disease,
peptic ulcer disease, dementia, and hemiplegia based on
KCD codes (Table 1). Information on the household in-
come and residence of patients was also collected. These
factors were selected as candidate risk factors due to their
potential association with the risk of AMI. The identified
risk factors also served as covariates in assessing the con-
nection between intravitreal ranibizumab injection and the
risk of AML

Case-crossover study

We used a case-crossover study design to assess the rela-
tionship between intravitreal ranibizumab injections and
the risk of AMI in exudative AMD patients. Instead of us-

1,261 Excluding patients with a prior diagnosis of

487 Patients with incident exudative AMD

exudative AMD from 2005-2008

306 Excluding the inpatient, outpatient,
and emergency patients that had a

181 Patients included in the final analysis

AMI before the first registration date for
exudative AMD

Fig. 1. Flowchart of the study cohort. AMD = age-related macular degeneration; AMI = acute myocardial infarction.

Table 1. KCD codes for patients’ comorbidities

Disease KCD code

Myocardial infarction 121,122, 1252
Congestive heart failure
Dementia

Chronic lung disease

J701, J703
Peptic ulcer disease K25, K26, K27, K28

Chronic liver disease
K764, K768, K769, 27944

E10, E11, E12, E13, E14
120, 121, 122, 123, 124, 125

Diabetes mellitus
Hypertension

Hemiplegia

142, 143, 150, 1110, 1130, 1132, 1125
F00, FO1, F02, F03, G30, FO51, G311
J40, J41, J42, J43, J44, J45, J46, J47, 160, 161, 162, 163, 164, 165, 166, 167, 1278, 1279, 1634,

B18, K73, K74, K700, K701, K703, K709, K13, K714, K715, K717, K760, K762, K763,

G81, 82, G041, G114, G801, G802, G830, G831, G832, G833, G834, G&39

KCD = Korean Classification of Disease.
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ing matched control subjects, the past experience of a
study participant served as their own control. Therefore,
stable confounding factors, including those that could not
be measured or were unknown, were canceled against
each other. The case-crossover design has been widely
used as a tool to evaluate drug safety and is particularly
suitable when the exposure is intermittent, the effect on
risk is immediate and transient, and the outcome is abrupt.
It was thought that any potential anti-VEGF antibody-re-
lated cardiovascular toxicity would be immediate and
transient and the outcome (AMI) would be abrupt such
that the case-crossover design was an appropriate method
in this study.

Statistical analysis

For each patient, we defined the case period as one to 60
days and four control periods as 121 to 180, 181 to 240, 241
to 300, and 301 to 361 days, respectively, before the index
date. A pharmacy prescription and intravitreal injection
database was reviewed for information on ranibizumab
use during the case and control periods. Patients were con-
sidered to have been treated with intravitreal ranibizumab
injection when they had drug prescription and intravitreal
injection EDI codes recorded for the same day. We com-
pared intravitreal ranibizumab injection between the case
and control periods, calculating the crude and adjusted
odds ratios (ORs) and their 95% confidence intervals (Cls)
using a conditional logistic regression model. A signifi-
cance level of 0.05 was considered to be statistically signif-
icant. The SAS ver. 9.4 (SAS Institute, Cary, NC, USA)
and Stata/SE ver. 12.1 (Stata Corp., College Station, TX,
USA) were used to perform the analyses in this study.

Results

Characteristics of the study subjects

A total of 181 patients with AMI and exudative AMD
were included. Table 1 lists the demographic features of
the study cohort. Less than half (46.41%) of the patients
experienced the first AMI in their 70s, and 71% of the pa-
tients were male. Patients presented with various systemic
comorbidities, including hypertension (4.95%), chronic
pulmonary disease (4.40%), and diabetes (4.40%). When
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the household income of the patients was analyzed, the
majority of patients were in the group of over the 70th per-
centile. In total, 38.12% of the patients lived in a small city,
while the rest of the patients’ residences were distributed
in the order of large city (31.49%), metropolitan (16.57%),
and rural areas (13.81%).

Table 2. Baseline characteristics of the study cohort patients
with incident acute myocardial infarction according to expo-
sure to intravitreal ranibizumab injections

Characteristics Number (%)
Age (yr)
<49 1(0.55)
50-59 6(3.31)
60-69 43 (23.76)
70-79 84 (46.41)
>80 47 (25.97)
Sex
Male 129 (71.27)
Female 52 (28.73)
Systemic comorbidities (inpatients)
CVD 3 (1.65)
Dementia 1(0.55)
Chronic pulmonary 8 (4.40)
Peptic ulcer 2 (1.10)
Mild liver disease 3 (1.65)
Diabetes mellitus 8 (4.40)
Hypertension 9 (4.95)
Hemiplegia 0 (0.00)
No. of anti-VEGF injections within
one year before the index date
0 58 (32.04)
1-3 120 (66.30)
>4 3 (1.66)
Household income
0%-30% 31 (17.13)
30%—70% 51(28.18)
70%—-100% 99(54.70)
Residence
Metropolitan 30 (16.57)
Large city 57 (31.49)
Small city 69 (38.12)
Rural 25 (13.81)

CVD = cerebrovascular disease; VEGF = vascular endothelial
growth factor.
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Intravitreal ranibizumab injections

Of the 181 patients, 123 had received at least one injec-
tion, 120 (66.30%) had received one to three injections,
and three (1.66%) had received more than four injections
within the 1 year before the incident AMI. Conversely, a
total of 58 (32.04%) patients had no injection history with-
in this period (Table 2). Among all the patients, 11.05%
had been treated during the preceding 2 months as com-
pared with 8.29% to 9.39% treated during the control peri-
ods (Table 3).

Table 3. Number of patients who underwent intravitreal ran-
ibizumab injection during the periods before incident hospi-
talization for acute myocardial infarction

Days No. of patients %

1-60 (risk period) 20 11.05
61-120 (washout period) 15 8.29
121-180 (1st control period) 17 9.39
181-240 (2nd control period) 16 8.84
241-300 (3rd control period) 15 8.29

301-361 (4th control period) 17 9.39

Effect of intravitreal ranibizumab injections on the risk
of incident AMI

In the multivariate logistic regression analyses, the ad-
justed OR of AMI associated with intravitreal ranibizum-
ab during the preceding 2 months was 1.220 (95% CI,
0.673-2.213; p = 0.51) (Table 4). In the subgroup analysis
for sex and age, intravitreal ranibizumab injection was not
significantly associated with an elevated risk of AMI (Ta-
ble 5). We conducted analyses using different time win-
dows (1-15 and 1-30 days for the case periods, respective-
ly) and did not find any increase in the risk of AMI
associated with intravitreal ranibizumab either (Table 6).

Discussion

We performed a case-crossover analysis using national
health insurance claims data and found no increased risk
of hospitalization for AMI within 60 days of intravitreal
ranibizumab injection in AMD patients when compared
with in earlier control periods. Subgroup analyses based
on patients’ age, sex, and different case periods showed

Table 4. Risk of acute myocardial infarction associated with intravitreal ranibizumab injection in the 2 months preceding an inci-

dent acute myocardial infarction

Rate of intravitreal injection

Medication

Case period Control period

Crude OR (95% CI)

p-value Adjusted OR" (95% CI) p-value

Ranibizumab 20 65

1.319 (0.735-2.367)

0.3533 1.220 (0.673-2.213) 0.5124

OR = odds ratio; CI = confidence interval.

“Covariates adjusted in the conditional logistic regression models include hospitalizations for cardiovascular diseases, dementia, diabetes

mellitus, and hypertension.

Table 5. Subgroup analysis for sex and age

Characteristics Number (%) Crude OR (95% CI) p-value Adjusted OR" (95% CI) p-value
Sex
Male 129 (71.27) 1.613(0.833-3.122) 0.1558 1.466 (0.747-2.878) 0.2656
Female 52 (28.73) 0.655 (0.172-2.490) 0.5345 0.655 (0.172-2.490) 0.5345
Age (yr)
<75 91 (50.28) 0.936 (0.419-2.089) 0.8711 0.936 (0.419-2.089) 0.8711
>75 90 (49.72) 2.043 (0.855-4.879) 0.1078 1.744 (0.709-4.288) 0.2256

OR = odds ratio; CI = confidence interval.
Covariates adjusted in the conditional logistic regression models include hospitalizations for cardiovascular diseases, dementia, diabetes
mellitus, and hypertension.
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Table 6. Risk of acute myocardial infarction in relation to intravitreal ranibizumab in patients with age-related macular degenera-

tion, based on different lengths for case and control periods

Length of case and Rate of intravitreal injection

control period (day) Case period  Control period Crude OR (95% CI)  p-value Adjusted OR" (95% CI) p-value
15 18 5 1.133 (0.384-3.345) 0.8209 1.115 (0.378-3.288) 0.8437
30 45 14 1.346 (0.663-2.734) 0.559 1.243 (0.602-2.568) 0.5559
90 42 24 2.600 (1.496-4.519) 0.0007 1.089 (0.615-1.930) 0.7692

OR = odds ratio; CI = confidence interval.

"Covariates adjusted in the conditional logistic regression models include hospitalizations for cardiovascular diseases, dementia, diabetes

mellitus, and hypertension.

similar results.

The RCT studies that demonstrated the therapeutic effi-
cacy of ranibizumab also analyzed safety-associated
thromboembolic events including AMI, but it was difficult
to confirm whether the risk of AMI increases due to its
rare occurrence and our relatively small sample size
[1,4,12-14,17-20]. In the Minimally Classic/Occult Trial of
the Anti-VEGF Antibody Ranibizumab in the Treatment
of nAMD (MARINA) [1] and Anti-VEGF Antibody for
the Treatment of Predominantly Classic Choroidal Neo-
vascularization in Age-Related Macular Degeneration
Study (ANCHOR) trials [4,12], the incidence of AMI was
not significantly different between the ranibizumab treat-
ment and sham groups. During the 24-month treatment
period, the occurrences of AMI were as follows: four
(L.7%, sham), eight (3.4%, 0.3 mg of ranibizumab), and
three (1.3%, 0.5 mg of ranibizumab) cases in MARINA
and two (1.4%, verteporfin photodynamic therapy [PDT]),
one (0.7%, 0.3 mg of ranibizumab), and five (3.6%, 0.5 mg
of ranibizumab) cases in ANCHOR. In a phase I1Ib, multi-
center, randomized, double-masked, sham injection—con-
trolled study of the efficacy and safety of ranibizumab in
subjects with subfoveal CNV with or without classic CNV
secondary to AMD [13], AMI occurred in only one patient
in the sham group and not at all in either the ranibizumab
0.3 mg group or 0.5 mg group. In the RhuFab V2 Ocular
Treatment Combining the Use of Visudyne to Evaluate
Safety study, which compared the difference between PDT
and ranibizumab combined with PDT [14], all three ob-
served events of AMI occurred in the PDT-alone group
(5.4%). Among other RCTs studying the effect of various
doses of ranibizumab [17-19] and treatment schedules [18-
20], there was no increase of AMI risk due to ranibizumab
treatment.

Several meta-analyses using RCTs [21,22] and studies

with large-size health insurance claims datasets [10,11,
23,24] have been conducted as part of an effort to clarify
the risk of AMI after ranibizumab treatment. Consistent
with our results, most of these studies did not show signifi-
cant increases in AMI risk after intravitreal ranibizumab
either. A recent meta-analysis involving 11 trials with
AMD reported no apparent influence of ranibizumab in the
comparisons of 0.5 versus 0.0 mg, 0.5 versus 0.3 mg, month-
ly versus pro re nata, 0.3 versus 0.0 mg, and combined regi-
mens [21]. In the previous meta-analysis performed by the
same researchers [22], intravitreal ranibizumab was associ-
ated with the incidence of cerebrovascular accident (OR,
3.24; 95% CI, 0.96-10.95; p = 0.045), whereas there was no
apparent association between intravitreal ranibizumab and
AMI (p = 0.193). In the analysis of the risk of adverse
events between treatment groups receiving PDT, pegap-
tanib, bevacizumab, or ranibizumab using claims data, the
hazard of myocardial infarction was significantly lower
with ranibizumab use than with PDT (hazard ratio, 0.73;
95% CI, 0.58-0.92) [23]. Moreover, a self-controlled
case-series analysis, which has similar study design to that
of our study, suggested no evidence of an increased risk of
AMI with ranibizumab in any of the risk periods (1-30
days incidence rate ratio, 0.90; 95% CI, 0.65—1.23 vs. 31-60
days incidence rate ratio, 0.98; 95% CI, 0.54-1.79) [24].
Conversely, some previous studies have suggested a pos-
sible relationship exists between AMI and ranibizumab
use. In a whole-population study in Australia [10], although
all of the adverse events examined were rare in nature, the
risk of 12-month AMI in patients treated with VEGF in-
hibitors including ranibizumab and bevacizumab was ap-
proximately 2.3 to 2.5 times that in a community group in
the unadjusted model (95% CI, 1.3-4.9) and following ad-
justment for prior AMI, diabetes, sex, and age (95% ClI,
1.2—4.5). Further, the AMI rate in patients treated with ra-
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nibizumab only was greater than that in the community
group, although the difference was not statistically signifi-
cant. In a population-based self-matched crossover analysis
involving patients receiving intravitreal ranibizumab and
bevacizumab for AMD or macular edema in Canada [11],
the rate per 1,000 patients annually for myocardial infarc-
tion increased from 3.1 during the baseline interval to 5.1
during the subsequent interval (relative risk, 1.65; 95% CI,
1.43-1.91; p < 0.0001).

To the best of our knowledge, this study is the first to
apply a case-crossover design in the investigation of AMD
patients to elucidate the association between intravitreal
ranibizumab injection and the risk of AMI in Korea. The
strength of our study is that it effectively controlled for
confounding factors such as smoking, body mass index,
cholesterol level, and other comorbidities (e.g., hyperten-
sion, diabetes, carotid artery disease) with the case-cross-
over study design, which used each patient as a control for
him- or herself. Additionally, because the number of inci-
dent AMI cases among AMD patients treated with ranibi-
zumab is relatively rare, it is difficult to determine the as-
sociation between ranibizumab therapy and the risk of
AMI. However, our study had the capability to evaluate
this association using a nationwide large-size claims data-
set.

There are some limitations in our study. First, we could
not control for the off-label use of intravitreal bevacizum-
ab injection because it is not covered by the national health
insurance system. Second, although we used a self-con-
trolled study design to reduce the effect of the confound-
ing factors, the change in systemic medications or im-
proved cardiovascular risk factors during the study period
might have affected the incidence of AML In this study,
hospitalizations for hypertension, diabetes mellitus, and
dementia were considered covariates during the regression
analysis, but the change in systemic medications could not
be controlled for. Third, because we used a large-scale
claims dataset from the national insurance system, the
sensitivities of the diagnostic codes in determining the risk
factors of AMI were not validated by a direct review of the
medical records. However, previous studies have reported
that the accuracy of the diagnoses in the Korean Health
Insurance Database is quite reliable [25,26]. Fourth, the in-
fluence of comorbidities not reported during the study pe-
riod could be missed. However, most of the comorbidities
are chronic diseases and are thought to have been treated
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in some fashion or another during the 6 years of the study
period. Lastly, if the patient died from AMI without a di-
agnostic code of AMI, they may be missing from our anal-
ysis and the relatively small number of AMD patients who
developed AMI may have led to insufficient power in ex-
amining the association between AMI and Retinal vascu-
lar occlusion.

In conclusion, this case-crossover analysis demonstrated
no increased risk of hospitalization for AMI within 60
days of intravitreal ranibizumab treatment in AMD pa-
tients. Ranibizumab is an effective treatment for patients
with AMD, is well-tolerated, and is not associated with a
clinically significant higher risk of AMI.
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