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Purpose: An intraocular hemorrhage is an adverse event that can lead to visual acuity impairment. Antithrombotic therapy with antiplatelet agents and anticoagulants may increase intraocular hemorrhage. However, since their frequency is low, studies on the risk of intraocular hemorrhage with these drugs, especially under combination therapy, are limited. This study aimed to investigate the occurrence of intraocular hemorrhages under monotherapy and combination therapy with antiplatelets and anticoagulants by analyzing a large pharmacovigilance database.
Methods: Intraocular hemorrhage signals with oral antiplatelets and anticoagulants were evaluated by calculating reporting odds ratios and information components using the Japan Adverse Drug Reactions Report database from April 2004 to March 2022. In addition, differences in signals between younger and elderly patients, affecting factors, and time-to-onset from initial antiplatelet and anticoagulant treatments were analyzed.
Results: Aspirin, clopidogrel, warfarin, apixaban, and rivaroxaban, but not ticagrelor, ticlopidine, prasugrel, dabigatran, and edoxaban showed intraocular hemorrhage signals under monotherapy. In combination therapy, dual therapy (aspirin + P2Y12 inhibitors, warfarin, direct oral anticoagulants, and P2Y12 inhibitors + warfarin) and triple therapy (aspirin + P2Y12 inhibitors + warfarin) resulted in intraocular hemorrhage signals. Intraocular hemorrhage signals were observed in younger patients receiving monotherapy with aspirin and in elderly patients receiving monotherapy and combination therapy with warfarin. Affecting factors were diabetes mellitus in patients with prasugrel, use of medications for intravitreal injections, and posterior sub-Tenon injections with some antiplatelets and anticoagulants. The median period of intraocular hemorrhage occurrence after starting monotherapy with aspirin, clopidogrel, warfarin, or rivaroxaban was within 90 days.
Conclusion: In addition to monotherapy with several antiplatelets and anticoagulants, combination therapy using aspirin, P2Y12 inhibitors, and warfarin has the potential risk of intraocular hemorrhage. Particular attention should be paid to the occurrence of intraocular hemorrhages in younger patients taking aspirin, in elderly patients taking warfarin, and within the first 90 days of antiplatelet and anticoagulant use.
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INTRODUCTION
The use of antiplatelets (APs), such as aspirin and P2Y12 inhibitors, and anticoagulants (ACs), such as warfarin and Direct Oral Anticoagulants (DOACs), is increasing as the elderly grow to prevent recurrent thrombotic and ischemic events in patients with coronary artery disease (1,2). While it is well known that APs and ACs increase the bleeding risk, including severe, life-threatening bleeding, intraocular hemorrhages (IOHs) are also bleeding risks that require attention because, although their occurrence is rare, they can cause visual acuity impairment and decrease the patient’s quality of life (3–6). For example, a meta-analysis including randomized clinical trials for atrial fibrillation or venous thromboembolism reported that apixaban showed a trend with an increased IOHs event rate compared to warfarin (5). However, another meta-analysis reported that the risk of IOHs did not differ between warfarin and other DOACs in patients with atrial fibrillation included in randomized clinical trials (3). Thus, in addition to the different reports in similar meta-analyses, these reports require further investigation because of the small number of cases of IOHs. In addition, few reports have investigated the risk of IOHs associated with APs and ACs, distinguishing between monotherapy and combination therapy. Combination therapy with aspirin and P2Y12 inhibitors (dual antiplatelet therapy; DAPT) is widely implemented as a first-line treatment strategy in patients with acute coronary syndromes and those undergoing percutaneous coronary intervention. Additionally, APs and ACs are often used in combination therapy and monotherapy (7). Analyzing the risk of IOHs under monotherapy and combination therapy with APs and ACs would allow for a more comprehensive of APs and ACs risk management given their clinical use.
In recent years, pharmacovigilance approaches for drug-associated adverse event (AE) signal detection using large databases, such as the Japanese Adverse Drug Event Report (JADER) based on spontaneous AE reports, have evolved (8). Drug-associated AE signals are evaluated through disproportionality analyses of frequency statistics, such as calculating the reporting odds ratios (RORs) and information components (ICs) of pharmacovigilance activity (8,9). JADER is a nationwide open-access database of spontaneous reports of AE provided by the Pharmaceuticals and Medical Devices Agency (PMDA), a pharmaceutical regulatory authority in Japan. As the JADER database contains approximately 780,000 patients and 1,280,000 AEs reported after April 2004, it is a useful tool for detecting signals of rare AEs, such as IOHs, in patients receiving APs and ACs.
It has been reported that warfarin and some DOACs under monotherapy showed signals of choroidal hemorrhage, retinal hemorrhage, and vitreous hemorrhage using Vigibase, a pharmacovigilance database obtained from the World Health Organization (4). However, it is unclear that the IOHs signaling is observed in patients treated with APs and ACs in combination therapy.
In this study, we investigated the signals of IOHs during monotherapy or combination therapy using JADER database. In addition, we investigated differences in IOHs signals in terms of age, affecting factors for occurrence of IOHs, and time to onset of IOHs in patients taking oral APs and ACs.
MATERIALS AND METHODS
Data source
Data between April 2004 and March 2022 from the JADER database were obtained from the PMDA website1. The JADER dataset comprised four data tables: the demographic information “demo” table, drug information “drug” table, AE information “reac” table, and primary disease information “hist” table, which included 775,566 patients, 4,134,554 notifications, 1,280,060 notifications, and 1,525,998 notifications. The “demo” table included the sex and age information of patients. Patients with blanked/unknown sex or age data in the “demo” table and notifications with duplicated data in the “drug,” “reac,” and “hist” tables were excluded. In the “drug” table, the contribution of the drugs to the AEs was classified into three categories: suspected drug, concomitant drug, and interaction. In this study, all categories included the influence of APs and ACs as concomitant drugs and interactions. Those administered via the “oral” route were selected to evaluate the signals for IOHs in patients who received APs and ACs orally. The “demo” table was linked to the “drug,” “reac,” and “hist” tables using the patient identification number of each case. After data cleaning, 688,467 patients were included in this study (Figure 1).
[image: Figure 1]FIGURE 1 | Flow diagram of the study.
For subgroup analysis, younger patients were defined as those in the “under 10s,” “10s,” “20s,” “30s,” “40s,” “50s,” and “60s” age groups and elderly patients were defined as those in the “70s,” “80s,” “90s,” and “100s” age groups, as previously reported (9).
Targeted antiplatelets and anticoagulants
The study included ten APs and ACs approved for use in Japan: cyclooxygenase inhibitor; Aspirin, P2Y12 inhibitors; clopidogrel sulfate, ticagrelor, ticlopidine hydrochloride, prasugrel hydrochloride, vitamin K antagonist; Warfarin potassium, DOACs; apixaban, dabigatran etexilate methanesulfonate, edoxaban tosylate hydrate, and rivaroxaban. The route of administration was selected to be “oral.”
Definition of intraocular hemorrhages
IOHs were extracted from the “reac” table according to the preferred terms (PTs) in the Medical Dictionary for Regulatory Activities (MedDRA, 25.0 J). Seventeen PTs were determined as IOHs by two ophthalmologists from PTs grouped into the high level term (HLT) and Ocular haemorrhagic disorders (HLT code 10064464). IOHs because of external or physical reasons were excluded (Table 1).
TABLE 1 | Definition of intraocular hemorrhages.
[image: Table 1]Signal detection
This study used ROR and IC to evaluate the signal detection of IOHs, as previously reported (9,10). The ROR is an AE signal index, the odds ratio of reporting a particular AE versus all other AEs associated with the target drugs, compared to the reporting odds for all other drugs. However, the results obtained using RORs might be unreliable when the sample size is small. IC is an ADR signal index of the Bayesian Confidence Propagation Neural Network analysis, calculated based on the Bayesian statistical approach. Therefore, it can detect AE signals when the sample size is small (8,9,11). RORs, ICs, and their 95% confidence intervals (CIs) were calculated using a two-by-two contingency table (Table 2) and the equations described below.
TABLE 2 | Two-by-two contingency table.
[image: Table 2]ROR equations:
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IC Equations:
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The calculations were performed using Microsoft 365 (Microsoft Corporation). The signals for IOHs were positive when the lower limit of the 95% CI of the ROR exceeded 1, and that of the IC exceeded 0.
Factor analysis
To investigate factors affecting the occurrence of IOHs, multivariable logistic regression analysis was performed in patients reported for AP and AC use, as in a previous report (12). Predictive factors examined included the comorbidity of hypertension, diabetes mellitus, and reported use of medications for intravitreal injections (IVI) and posterior sub-Tenon triamcinolone acetonide injections (PSTAI). Hypertension and diabetes mellitus as primary diseases were extracted from the “hist” table according to PTs in the MedDRA, 25.0 J. Each PT was determined from Hypertension (code 20000147) and Hyperglycaemia/new onset diabetes mellitus (code 20000041) in the Standardized MedDRA Queries (SMQ) (Tables 3, 4). Medications for IVI and PSTAI were selected from those approved in Japan: aflibercept, brolucizumab, faricimab, ranibizumab, and triamcinolone acetonide. For triamcinolone acetonide, the route of administration was selected as “intraocular injections,” “intravitreal injections” and “posterior sub-Tenon injections.” p values <0.05 were considered statistically significant. Statistical analysis was performed using EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan) as a graphical user interface for R version 4.1.2 (The R Foundation for Statistical Computing, Vienna, Austria). EZR is a modified version of R Commander (version 1.55, designed to add statistical functions frequently used in biostatistics (13).
TABLE 3 | Definition of hypertension.
[image: Table 3]TABLE 4 | Definition of diabetes mellitus.
[image: Table 4]Time-to-onset analysis
Time-to-onset analysis was performed using the periods from the initial administration of APs and ACs in the “drug” table to the date of the first occurrence of the IOHs recorded in the “reac” table. Patients with missing or inaccurate data regarding the initial administration of APs and ACs and the date of the first occurrence of IOHs were excluded. When the period of IOHs occurrence exceeded 720 d, the calculation was performed for 720 d. The median period and interquartile range (IQR) were calculated using JMP 13.0 (SAS Institute Inc., Cary, NC, USA). We evaluated APs and ACs in >10 patients reporting IOHs between the day of the initial dose and the day of the first occurrence of IOHs.
RESULTS
Intraocular hemorrhages signal under monotherapy
The RORs and ICs of APs and ACs for IOHs under monotherapy are shown in Table 5. Except for ticagrelor, one or more IOHs were reported in the APs and ACs. Among APs, aspirin (ROR, 1.40 [95% CI 1.08 to 1.80] and IC, 0.45 [95% CI 0.08 to 0.83]) and clopidogrel (ROR, 3.20 [95% CI 2.32 to 4.43] and IC, 1.57 [95% CI 1.10 to 2.04]) showed IOHs signals. In ACs, warfarin (1.60 [95% CI 1.17 to 2.19] and IC, 0.64 [95% CI 0.19 to 1.10]), apixaban (ROR, 4.79 [95% CI 3.73 to 6.16] and IC, 2.12 [95% CI 1.76 to 2.49]), and rivaroxaban (ROR, 8.84 [95% CI 7.21 to 10.85] and IC, 2.94 [95% CI 2.64 to 3.24] showed IOHs signals.
TABLE 5 | Reporting odds ratios and information components of each antiplatelets and anticoagulants under monotherapy for intraocular hemorrhages.
[image: Table 5]Intraocular hemorrhages signal under combination therapy
The RORs and ICs of APs and ACs in combination therapy are shown in Table 6. In combination therapy with two types of antithrombotic agents (dual therapy), aspirin showed IOHs signals with all types of antithrombotic agents (with P2Y12 inhibitors: ROR, 3.55 [95%CI 2.74 to 4.60] and IC, 1.72 [95% CI 1.34 to 2.10]; with warfarin: ROR, 3.12 [95% CI 2.10 to 4.63] and IC, 1.51 [95% CI 0.93 to 2.08]; with DOACs: ROR, 3.64 [95% CI 2.15 to 6.18] and IC, 1.61 [95% CI 0.86 to 2.37]). P2Y12 inhibitors showed IOHs signals in combination with warfarin (ROR, 3.96 [95% CI 2.24 to 7.00] and IC, 1.67 [95% CI 0.87 to 2.48]), but not DOACs (ROR, 2.29 [95% CI 1.02 to 5.11] and IC, 0.94 [95% CI −0.15 to 2.04]). In combination therapy with three types of antithrombotic agents (triple therapy): DAPT with warfarin or DOACs, an IOHs signal was detected in combination with warfarin (DAPT with warfarin: ROR, 6.16 [95% CI 3.29 to 11.52] and IC, 2.05 [95% CI 1.17 to 2.93]), but not with DOACs (ROR, 2.09 [95% CI 0.52 to 8.39] and IC, 0.61 [95% CI −1.06 to 2.28]).
TABLE 6 | Reporting odds ratios and information components of antiplatelets and anticoagulants under combination therapy for intraocular hemorrhages.
[image: Table 6]Difference in intraocular hemorrhage signal with age
The RORs and ICs of APs and ACs that showed IOHs signals under monotherapy or combination therapy in the younger/elderly groups are shown in Table 7. In monotherapy, aspirin showed an IOHs signal in the younger group (ROR, 2.14 [95% CI 1.47 to 3.10], IC, 1.01 [95% CI 0.47 to 1.55]). Warfarin showed IOHs signal in the elderly group (ROR, 1.52 [95% CI 1.04 to 2.22] and IC, 0.56 [95% CI 0.01 to 1.11]). In dual therapy, aspirin with warfarin (ROR, 3.51 [95% CI 2.25 to 5.48] and IC, 1.62 [95% CI 0.97 to 2.26]), DOACs (ROR, 3.11 [95% CI 1.75 to 5.51] and IC, 1.40 [95% CI 0.59 to 2.21]), and P2Y12 inhibitors with warfarin (ROR, 4.16 [95% 2.22 to 7.79] and IC, 1.67 [95% CI 0.79 to 2.55]) showed IOHs signals in the elderly group. In the combination therapy of DAPT with warfarin, the IOHs signal was detected in the elderly group (ROR, 8.20 [95% CI 4.37 to 15.41] and IC, 2.28 [95% CI 1.40 to 3.17]).
TABLE 7 | Reporting odds ratios and information components of antiplatelets and anticoagulants under monotherapy or combination therapy for intraocular hemorrhages in age-based subgroup.
[image: Table 7]Factors affecting intraocular hemorrhages
To investigate factors affecting the occurrence of IOHs under monotherapy or combination therapy of APs and ACs, we assessed the effect of comorbidity of hypertension, diabetes mellitus, and use of medications for IVI and PSTAI on the occurrence of IOHs (Table 8). Multivariable analysis revealed that hypertension and diabetes mellitus were not detected as affecting factors for IOHs in almost all of APs and ACs, excluding prasugrel (diabetes mellitus; OR, 6.37 [95% CI 1.71–23.70], p = 0.006). IVI and PSTAI increased the frequency of IOHs in most APs and ACs with their presence.
TABLE 8 | Multivariable analysis for affecting factors of intraocular hemorrhages with antiplatelets and anticoagulants.
[image: Table 8]Time-to-onset analysis
In the time-to-onset analysis, two APs (aspirin and clopidogrel) monotherapy and three ACs (warfarin potassium, apixaban, rivaroxaban) monotherapy with >10 reports of IOH were included in the evaluation. The median period [IQR] to the onset of IOHs in patients with APs and ACs was as follows: aspirin (72.5 [30.3–369.5] days), clopidogrel (79.5 [12.3–443.8] days), warfarin (29.0 [14.0–367.0] days), apixaban (174.0 [34.0–381.5] days), and rivaroxaban (90.0 [21.8–339.5] days). The time-to-onset of IOHs for combination therapy could not be evaluated because no more than 10 patients reported IOHs between initial administration and the date of the first occurrence of IOHs (Table 9).
TABLE 9 | Time to intraocular hemorrhages occurrence and case distribution of occurrence period under monotherapy of antiplatelets and anticoagulants.
[image: Table 9]DISCUSSION
The signals of IOHs under monotherapy and combination therapy by APs and ACs, signal differences in ages, affecting factors, and their time-to-onset were analyzed using the JADER pharmacovigilance database. IOHs signals were shown in both monotherapies with aspirin and combination therapy of aspirin with P2Y12 inhibitors, warfarin, and DOACs. It has been reported that monotherapy of aspirin, and combination therapy taking more than 1 aspirin/clopidogrel/warfarin are associated with an increased risk of the IOHs occurrence in patients with neovascular age-related macular degeneration who had no previous intraretinal hemorrhage and no history of trauma, posterior segment surgery (14). Sun et al. also reported in a meta-analysis that aspirin and P2Y12 inhibitors (prasugrel or ticagrelor) did not increase the risk of IOHs compared to aspirin and other P2Y12 inhibitor (clopidogrel). However, their study did not assess whether DAPT increases the risk of IOHs (15). In addition to these reports, our results show that IOHs may be more likely to occur in patients receiving aspirin monotherapy and combination therapy with aspirin and P2Y12 inhibitors (DAPT), warfarin, or DOACs, alerting us to the risk of IOHs during aspirin monotherapy and combination therapy. In P2Y12 inhibitors monotherapy, clopidogrel but not other P2Y12 inhibitors, such as prasugrel, showed IOHs signals. In contrast, a retrospective study reported that the prevalence of spontaneous IOHs on prasugrel was higher than that on clopidogrel (16). In our study, prasugrel showed a high ROR, but no IOHs signal. This result may be because of the low number of cases of prasugrel in all AEs and the lack of signal detection, which needs to be reevaluated after case accumulation. In APs monotherapy, warfarin, apixaban, and rivaroxaban showed IOHs signals. These results are consistent with previous reports that warfarin increases spontaneous IOHs compared to age-matched controls (17), apixaban showed a signal of retinal hemorrhage based on Vigibase (4); rivaroxaban showed a higher prevalence of spontaneous IOH than dabigatran, clopidogrel, and ticagrelor (16). Contrarily, Sun et al. reported in a meta-analysis of integrated analysis of DOACs (apixaban, dabigatran, edoxaban, or rivaroxaban) that DOACs reduce the risk of IOH compared to warfarin (18). Their meta-analysis was an integrated analysis of randomized clinical trials that compared warfarin and did not assess the risk of IOH for the DOACs themselves. Therefore, according to our study, attention should be paid to the risk of potential IOHs in patients taking apixaban, rivaroxaban, or warfarin. Similar to DAPT, IOHs signals were observed in combination therapy P2Y12 inhibitors with warfarin, but not P2Y12 inhibitors and DOACs. In addition, triple combination therapy of DAPT with warfarin, but not DAPT with DOACs, resulted in IOHs signals. In combination therapy of DAPT with DOACs, all AEs were reported more frequently with apixaban among DOACs, but these did not include IOHs (data not shown), a trend that differed from that observed with apixaban monotherapy. In fact, the combination therapy of apixaban with P2Y12 inhibitors was associated with a lower risk of thrombolysis in myocardial infarction major and minor bleeding, trial-defined primary bleeding events, and intracranial hemorrhage compared with the combination therapy of P2Y12 inhibitors with warfarin in meta-analysis (19), and the risk of IOHs with combination therapy of apixaban requires further investigation. Overall, the results of this study show that both monotherapy and combination therapy with APs and ACs increase the potential risk of IOHs.
In the age-based subgroup analysis, IOHs signals were observed in elderly patients receiving warfarin monotherapy and combination therapy. These results are consistent with reports that spontaneous IOHs occurrence was higher in elderly patients receiving warfarin treatment (17) and combination therapy of warfarin with APs (20). In contrast, IOHs signals were observed in younger patients receiving aspirin monotherapy but not in elderly patients. A meta-analysis examining the safety of aspirin in the primary prevention of cardiovascular disease found no significant differences in major bleeding, intracranial hemorrhage, or gastrointestinal bleeding between younger and elderly patients (21). Furthermore, in a prospective population-based cohort study of patients with a transient ischemic attack, ischemic stroke, or myocardial infarction treated with APs (mainly aspirin-based), the long-term risk of major bleeding was higher in elderly patients than in younger patients (22). Although these reports show that the risk of bleeding with aspirin is greater in the elderly, the risk of IOHs has not been evaluated and should be investigated. Our results showed that even in younger patients, aspirin use should be done with caution regarding the potential risk of IOHs.
Hypertension, diabetes mellitus, IVI, and PSTAI are known to affect the occurrence of IOHs (23–25). In our study, diabetes mellitus increased the frequency of IOHs in prasugrel, but no other APs and ACs affected the comorbidity of hypertension and diabetes mellitus. IVI and PSTAI also increased the frequency of IOHs, as expected. Thus, attention should be paid to the potential risk of IOHs during AP and AC therapy, regardless of the presence or absence of hypertension or diabetes mellitus.
In the time-to-onset analysis, the median period of IOHs occurrence after starting monotherapy with APs and ACs, excluding apixaban, was within 90 days, and the 75-percentile period of IOHs occurrence with APs and ACs was approximately 360 days. The recommended period of DAPT after coronary artery diseases, such as acute coronary syndromes and percutaneous coronary intervention, is 1–12 months, depending on the pathophysiology, thrombotic risk, and bleeding risk of the target patients, followed by monotherapy with APs or ACs (1,26). We have not been able to analyze the onset time of IOHs under combination therapy such as DAPT because of the limited number of evaluable IOHs. However, based on the monotherapy estimation, the occurrence of IOH should be noted during the first year after starting APs or ACs therapy, especially during the first 90 days.
Our study had several limitations. First, spontaneous reporting systems, such as JADER, are passive reporting systems, and there are many biases, including under-reporting, over-reporting, and confounding by comorbidities. In addition to hypertension, diabetes mellitus, IVI, and PSTAI, intraocular surgery such as vitrectomy is considered a risk factor for IOHs. Because the JADER database does not include information on the presence of surgical history, the influence of intraocular surgery cannot be ruled out. Second, the influence of AP and ACs doses cannot be ruled out. For example, aspirin exhibits antiplatelet effects when administered at low doses; however, the limited information on drug doses in JADER makes accurate assessment difficult. Third, the number of cases of ticagrelor and prasugrel use and the number of evaluable cases in the time-to-onset analysis was small. Finally, we defined an IOHs signal as one with a significant difference in RORs and ICs to avoid false positive detection. Future investigations with more case-accumulated databases are needed to assess the IOHs signal and time-to-onset.
CONCLUSION
In conclusion, the potential risk of IOHs increases during monotherapy with aspirin, clopidogrel, warfarin, apixaban, and rivaroxaban and during combination therapy with most APs and ACs, such as DAPT. In addition, aspirin use in younger patients, warfarin use in the elderly, and within the first 90 days of APs and ACs use should be considered for the occurrence of IOHs. Our results may help internists, ophthalmologists, pharmacists, and other medical staff predict and manage the occurrence of IOH under APs and ACs monotherapy and combination therapy.
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AC, anticoagulant; AE, adverse event; AP, antiplatelet; CI, confidence interval; DOAC, Direct Oral Anticoagulant; HLT, high level term; IC, information component; IOH, intraocular hemorrhage; IQR, interquartile range; IVI, intravitreal injections; JADER, Japanese Adverse Drug Event Report; PMDA, Pharmaceuticals and Medical Devices Agency; PSTAI, posterior sub-Tenon triamcinolone acetonide injections; PT, preferred term; ROR, reporting odds ratio; SMQ, Standardized MedDRA Queries.
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10085163 Scleral haematoma

HLT, high level terms PT, preferred term.





OPS/images/math_qu6.gif
5% ClI) = E(IC,,) £ 2yV(IC,,)






