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Abstract

Background

The risks of intracranial haemorrhage (ICH) associated with antithrombotic drugs outside
clinical trials are gaining increased attention. The aim of this nationwide study was to investi-
gate the risk of ICH requiring hospital admission in users of antithrombotic drugs.

Methods and findings

Data from the Norwegian Patient Registry and Norwegian Prescription Database were
linked on an individual level. The primary outcome was incidence rates of ICH associated
with use of antithrombotic drugs. Secondary endpoints were risk of ICH and fatal outcome
following ICH assessed by Cox models. Among 3,131,270 individuals >18 years old
observed from 2008 through 2014, there were 729,818 users of antithrombotic medications
and 22,111 ICH hospitalizations. Annual crude ICH rates per 100 person-years were 0.076
(95% Cl, 0.075-0.077) in non-users and 0.30 (95% CI, 0.30—0.31) in users of antithrombotic
medication, with the highest age and sex adjusted rates observed for aspirin-dipyridamole
plus clopidogrel (0.44; 95% CI, 0.19-0.69), rivaroxaban plus aspirin (0.36; 95% ClI, 0.16—
0.56), warfarin plus aspirin (0.34; 95% CI, 0.26—0.43), and warfarin plus aspirin and clopido-
grel (0.33; 95% Cl, 0.073-0.60). With no antithrombotic medication as reference, the high-
est adjusted hazard ratios (HR) for ICH were observed for aspirin-dypiridamole plus
clopidogrel (6.29; 95% CI 3.71-10.7), warfarin plus aspirin and clopidogrel (4.38; 95% Cl
2.71-7.09), rivaroxaban plus aspirin (3.82; 95% Cl, 2.46-5.95), and warfarin plus aspirin

PLOS ONE | https://doi.org/10.1371/journal.pone.0202575  August 23, 2018

1/15


https://doi.org/10.1371/journal.pone.0202575
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0202575&domain=pdf&date_stamp=2018-08-23
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0202575&domain=pdf&date_stamp=2018-08-23
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0202575&domain=pdf&date_stamp=2018-08-23
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0202575&domain=pdf&date_stamp=2018-08-23
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0202575&domain=pdf&date_stamp=2018-08-23
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0202575&domain=pdf&date_stamp=2018-08-23
https://doi.org/10.1371/journal.pone.0202575
https://doi.org/10.1371/journal.pone.0202575
http://creativecommons.org/licenses/by/4.0/
https://helse-midt.no/samarbeidsorganet
https://helse-midt.no/samarbeidsorganet

@° PLOS | ONE

RICH and antithrombotic drugs

and analysis, decision to publish, or preparation of
the manuscript.

Competing interests: The authors have declared
that no competing interests exist.

Abbreviations: ATC, Anatomical Therapeutic
Chemical; DDD, Defined Daily Dose; ICD-10, 10"
revision of the International Statistical Classification
of Diseases and Related Health Problems; ICH,
Intracranial hemorrhage; NOAC, New oral
anticoagulant; NorPD, Norwegian prescription
database; NPR, Norwegian patient registry; RCT,
Randomized controlled trial.

(3.40; 95% Cl, 2.99-3.86). All antithrombotic medication regimens were associated with an
increased risk of ICH, except dabigatran monotherapy (HR 1.20; 95% ClI, 0.88—1.65) and
dabigatran plus aspirin (HR 1.79; 95% ClI, 0.96-3.34). Fatal outcome within 90 days was
more common in users (2,603 of 8,055) than non-users (3,228 of 14,056) of antithrombotic
medication (32.3% vs 23.0%, p<0.001), and was associated with use of warfarin plus aspirin
and clopidogrel (HR 2.89; 95% ClI, 1.49-5.60), warfarin plus aspirin (HR 1.37; 95% Cl,
1.11-1.68), aspirin plus clopidogrel (HR 1.30; 95% CI, 1.05-1.61), and warfarin (HR 1.19;
95% ClI, 1.09—1.31). Increased one-year mortality was observed in users of antithrombotic
medication following hemorrhagic stroke, subdural hemorrhage, subarachnoid hemorrhage,
and traumatic ICH (all p<0.001). Limitations include those inherent to observational studies
including the inability to make causal inferences, certain assumptions regarding drug expo-
sure, and the possibility of residual confounding.

Conclusions

The real-world incidence rates and risks of ICH were generally higher than reported in ran-
domized controlled trials. There is still major room for improvement in terms of antithrombo-
tic medication safety (clinicaltrials.gov NCT02481011).

Introduction

Among hemorrhagic complications of antithrombotic medications, intracranial hemorrhage
(ICH) may have particularly devastating consequences with high morbidity and mortality
rates [1, 2]. Although a certain adverse risk for bleedings may be acceptable in the context of
even greater protection against life-threatening ischemic events, it is important to quantify the
magnitude of bleeding risk. Antithrombotic medications are generally assessed in randomized
controlled trials (RCT), but included patients may not be representative of users in everyday
clinical practice in terms of follow-up routines, age, gender, comorbidity, drug compliance,
physical activity and polypharmacy [3]. Complications are rarely primary endpoints in RCTs
and statistical power to evaluate complication rates may be limited since treatment periods are
often shorter than in routine management of chronic conditions. Drifts in indications and
treatment criteria may be seen in everyday practice and drug discontinuation due to precau-
tionary concerns may be forgotten. Collectively, these factors may lead to other and potentially
higher ICH rates in general clinical use than reported in RCTs. As a result, the risks of ICH
associated with antithrombotic drugs outside clinical trials are gaining increased attention [2,
4-7]. The objective of this nationwide study was to investigate the risk of ICH and fatal out-
come following ICH in users of antithrombotic medications.

Methods

This nationwide study was conducted and reported with fidelity to the published protocol (S1
Protocol) [8]. Reporting is consistent with the strengthening the reporting of observational
studies in epidemiology statement (S1 Checklist). Ethical approval and waiver of the require-
ment for obtaining patient consent were granted by the Regional Committee for Medical
Research (2014/958).
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Study population

The study was conducted within the 4.7 million inhabitants (2008 Census) of Norway from
January 1*, 2008, to December 31, 2014. Two administrative registries were linked on an
individual level by a unique 11-digit personal identifier. The registries linked were: (1) the
Norwegian Patient Registry (NPR), which contains information about all admissions to Nor-
wegian hospitals since 2008 with diagnoses coded according to the 10" revision of the Interna-
tional Classification of Diseases (ICD-10) and (2) The Norwegian Prescription Database
(NorPD), which contains information about all prescriptions dispensed in Norway since 2004
including type of drug according to the Anatomical Therapeutic Chemical (ATC) classification
system, number of Defined Daily Doses (DDD), date of dispensing, quantity dispensed, and
drug strength. The National Registry, a civil registration registry, provides vital statistics to
NPR and NorPD. All residents >18 years during the study period included in NPR and/or
NorPD were eligible for inclusion. Data from NPR and NorPD were de-identified before pro-
vided to the study authors.

Outcome measures

The primary outcome was incidence rates of ICH associated with use of antithrombotic drugs.
Both crude rates and age and sex adjusted rates were determined for the primary outcome.
Secondary endpoints were risk of ICH and fatal outcome following ICH according to antith-
rombotic medication exposure assessed by Cox models. Adjustments for age, sex, concomitant
medications, and comorbidity were performed for secondary outcomes.

The Norwegian health care system

Acute illness requiring hospital admission is treated free of cost by the public health care sys-
tem and insurance policies do not influence the management of ICH. Only public hospitals
provide health care to patients with ICH. The health authorities cover all inpatient treatment
of ICH. Except for a maximum annual deductible of 2,185 Norwegian Kroner (270 USD,
2014), prescription drugs are provided to patients without further costs.

The Norwegian Prescription Database

Antithrombotic medications are only available at state regulated pharmacies and only dis-
pensed to patients with a prescription from a physician. Pharmacies in Norway are required to
register each drug dispensing in NorPD, ensuring complete registration. Diagnoses are regis-
tered for medications with reimbursement according to ICD-10 or version 2 of the Interna-
tional Classification of Primary Care. All filled prescriptions for oral formulations of
antithrombotic medications were recorded including aspirin, dipyridamole, aspirin-dipyrida-
mole, clopidogrel, prasugrel, ticagrelor, ticlopidine, warfarin, dabigatran, apixaban, rivaroxa-
ban, dicumarol, and phenylindandion. Aspirin in limited packages is available over-the-
counter without a prescription in Norway as an analgesic. However, over-the-counter turn-
over of aspirin is limited in Norway, and according to the Norwegian Institute of Public Health
>98% of over-the-counter medication turnover is made up by ibuprofen, acetaminophen, nic-
otine, xylometazoline, xylometazoline-ipratropiumbromide, and cetirizine [9]. Dispensed pre-
scriptions for renin-angiotensin system inhibitors, antiarrhythmic drugs, non-steroidal anti-
inflammatory drugs, antidepressants, and proton pump inhibitors were considered concomi-
tant medication.
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The Norwegian Patient Registry

NPR automatically receives information regarding diagnoses when patients receive inpatient
treatment by public specialist health care services. Sensitivity, specificity, and positive predic-
tive values for stroke diagnoses, including ICH, in NPR are found to be high, supporting that
the registry is adequately complete and correct to provide data for epidemiological studies
[10, 11]. NPR identified patients with a primary diagnosis of ICH, (ICD-10: 160-162.0 and
S06.3-S06.6) requiring hospitalization. ICH was classified as hemorrhagic stroke, non-trau-
matic or low-energy subdural hemorrhage, subarachnoid hemorrhage, or traumatic intracra-
nial hemorrhage. If diagnoses of trauma or accident were present for the same hospital
admission, the ICH event was classified as traumatic. Distinction between chronic subdural
hemorrhage and acute subdural hemorrhage was not possible based on ICD-10 codes [12].

Assessment of exposure to antithrombotic medications

Patients were followed until death or end of study period. Drug exposure and comorbidity
were registered from January 1* 2008 until outcome date (i.e. what came first of either the first
ICH event or end of study period). Individual exposure periods for antithrombotic medica-
tions were calculated using DDD as a measuring unit [13]. Exposure was defined as having
occurred when patients had drugs available and discontinuation as when they had no more
drugs available. For each prescription an assumption was made that the patient was exposed
from the date the drug was dispensed and for a number of days corresponding to the quantity
of drug dispensed measured in DDD. We treated use of drugs in the analyses as time varying
exposures, and patients could change exposure group according to dispensed prescriptions
during the entire span of the study period. We calculated risk time (person-years) only for the
active treatment period. Simultaneous exposure to >1 anticoagulant was considered to repre-
sent a phase where the patient was presumably switched from one anticoagulant to another; in
such rare cases we therefore regarded the most recently dispensed anticoagulant as current
exposure.

Potential confounders and risk factors

The entire study population was screened for the following comorbidities: hypertension, atrial
fibrillation, congestive heart failure, heart valve disease, thromboembolism (including ische-
mic stroke), vascular disease, diabetes mellitus, peptic ulcer, liver disease, alcohol abuse, osteo-
arthritis, extracranial bleeding, and chronic renal failure (Method A in S1 Appendix).
Comorbidities were registered as dichotomous variables during the observation period, and
not as time varying exposures. Apart from stated comorbid conditions, we also appraised use
of certain medications (Table A in S1 Appendix), as they might influence risk of ICH, provide
a better description of the population under investigation, and allow for future comparisons
across studies.

Statistics

Statistical analyses were performed with SPSS for Mac version 21.0 (IBM Corp., Chicago, IL),
MySQL (Oracle), or R Statistical Software version 3.1. Due to multiple comparisons the statis-
tical significance level was defined as P<0.001. Age and sex adjusted incidence rates for the dif-
ferent drug exposures were computed using the method of direct standardization with the
complete study population provided by NPR and NorPD as the reference population. Direct
standardization was used to reduce the effect of potential confounders (i.e. age and sex distri-
bution) that differ between the populations. Hazard ratios (HR) with 95% confidence intervals
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(CI) for ICH were estimated using Cox regression models with adjustments for age, sex, con-
comitant drugs, and comorbidity. The time variable in the Cox model was patient age. Case
fatality was investigated at 90 days in addition to an analysis of overall survival until 12 months
following ICH. For all outcome measures the statistician was blinded to drug exposure. Out-
comes are presented only for antithrombotic regimens with >5000 users during the study
period.

Missing data

NPR and NorPD did not include individuals who never had any contact with public specialist
health care services nor claimed any prescription during the study period. The number, age,
and sex of unidentified, presumably healthy individuals were retrieved from Statistics Norway
and imputed in post-hoc analyses on patient-years at risk, incidence rates of ICH, and adjusted
HRs for ICH by drug exposure group.

Protocol deviation

Traumatic intracranial hemorrhages were originally excluded in the study protocol, but were
included in the study to better assess the role of antithrombotic medications in ICH and its
potential association with physical damage following trauma. Moreover, it can be difficult to
distinguish traumatic and non-traumatic ICH in a nationwide registry-based setting.

Results
Study population

Among 3,131,270 individuals observed, there were 729,818 users of antithrombotic medica-
tions and 22,111 ICH hospital admissions, including 8,665 with hemorrhagic stroke, 4,487
with subdural hematoma, 2,680 with subarachnoid hemorrhage, and 6,279 with traumatic
intracranial hemorrhage (Figure A in S1 Appendix). The characteristics of patients by antith-
rombotic medication exposure at time of drug dispensing are presented in Table A in S1
Appendix.

Primary outcome

The crude ICH rates per 100 person-years were 0.076 (95% CI, 0.075-0.077) in non-users and
0.30 (95% CI, 0.30-0.31%) in users of antithrombotic medications, with the highest rates
observed for aspirin-dipyridamole plus clopidogrel (1.13; 95% CI 0.71-2.19), rivaroxaban plus
aspirin (0.90; 95% CI 0.55-1.40), warfarin plus aspirin and clopidogrel (0.85; 95% CI, 0.49-
1.36), and warfarin plus aspirin (0.75; 95% CI, 0.66-0.85). The highest age and sex adjusted
rates ICH rates per 100 person-years were observed for aspirin-dipyridamole plus clopidogrel
(0.44; 95% CI, 0.19-0.69), rivaroxaban plus aspirin (0.36; 95% CI, 0.16-0.56), warfarin plus
aspirin (0.34; 95% CI, 0.26-0.43), and warfarin plus aspirin and clopidogrel (0.33; 95% CI,
0.073-0.60). Table 1 shows the patient-years at risk, crude incidence rates, and sex- and age-
adjusted annual incidence rates for ICH by drug exposure group. As seen in Fig 1A, all antith-
rombotic medication regimens were associated with an increased risk of ICH, apart from
dabigatran monotherapy and dabigatran plus aspirin. With no antithrombotic medication as
reference, the highest adjusted hazard ratios (HR) for ICH were observed for aspirin-dypirida-
mole plus clopidogrel (6.29; 95% CI 3.71-10.7), warfarin plus aspirin and clopidogrel (4.38;
95% CI 2.71-7.09), rivaroxaban plus aspirin (3.82; 95% CI, 2.46-5.95), and warfarin plus aspi-
rin (3.40; 95% CI, 2.99-3.86). Incidence rates and adjusted hazard ratios for hemorrhagic
stroke, subdural hematoma, subarachnoid hemorrhage, and traumatic intracranial
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Table 1. Patient-years at risk and incidence rates for ICH by drug exposure group.

Antithrombotic treatment Patients, Patient-years at | Events, Crude Rate, Events per 100
No. risk No. Person-Years (95% CI)

Age and sex adjusted incidence rate, Events per
100 Person-Years (95% CI)

None 3108394 18498589.5 14056 0.076 (0.075-0.077) 0.093 (0.091-0.094)
Aspirin 594761 1998423.3 4701 0.24 (0.23-0.24) 0.12 (0.11-0.14)
Warfarin 151966 306658.9 1678 0.55 (0.52-0.57) 0.28 (0.24-0.31)
Aspirin plus Clopidogrel 83593 72635.1 264 0.36 (0.32-0.41) 0.20 (0.15-0.24)
Aspirin-Dipyridamole 59698 131792.9 650 0.49 (0.46-0.53) 0.30 (0.19-0.40)
Warfarin plus Aspirin 54152 35035.2 263 0.75 (0.66-0.85) 0.34 (0.26-0.43)
Clopidogrel 44771 43010.8 162 0.38 (0.32-0.44) 0.25 (0.16-0.34)
Rivaroxaban 23532 17873.3 91 0.51 (0.41-0.63) 0.26 (0.18-0.34)
Dipyridamole 22329 10868.0 49 0.45 (0.33-0.60) 0.15 (0.098-0.21)
Dabigatran 18541 16176.3 40 0.25 (0.18-0.34) 0.010 (0.057-0.13)
Ticagrelor plus Aspirin 11896 8829.8 25 0.28 (0.18-0.42) 0.20 (0.098-0.31)
Apixaban 8202 2688.0 12 0.45 (0.23-0.78) 0.17 (0.065-0.27)
Warfarin plus Aspirin and 7682 2008.7 17 0.85 (0.49-1.36) 0.33 (0.073-0.60)
Clopidogrel

Dabigatran plus Aspirin 6929 2487.3 10 0.40 (0.19-0.74) 0.24 (0.028-0.45)
Rivaroxaban plus Aspirin 6740 2211.9 20 0.90 (0.55-1.40) 0.36 (0.16-0.56)
Aspirin-Dipyridamole plus 5835 1072.6 14 1.31(0.71-2.19) 0.44 (0.19-0.69)
Clopidogrel

Other antithrombotic 24734 9986.2 59 0.59 (0.45-0.76) 0.25 (0.18-0.32)

medication

Patients could have multiple treatment courses with one drug or with different drugs.

https://doi.org/10.1371/journal.pone.0202575.t001

hemorrhage according to antithrombotic medication exposure are presented in Table 2 and
Fig 1B-1E, respectively.

Secondary outcome

As presented in Fig 2, one-year mortality following ICH was higher in users of antithrombotic
medications than non-users in the subgroups hemorrhagic stroke, subdural hematoma, sub-
arachnoid hemorrhage, and traumatic intracranial hemorrhage (all p<0.001). Death within 90
days was more common in users (2,603 of 8,055) than non-users (3,228 of 14,056) of antith-
rombotic medication (32.3% vs 23.0%, p<0.001). The proportions of patients with fatal out-
come within 90 days following ICH according to antithrombotic medication exposure are
presented in Table B in S1 Appendix. As seen in Fig 1F, fatal outcome within 90 days following
ICH was associated with use of warfarin plus aspirin and clopidogrel (HR 2.89; 95% CI, 1.49-
5.60), warfarin plus aspirin (HR 1.37; 95% CI 1.11-1.68), aspirin and clopidogrel (HR 1.30;
95% CI, 1.05-1.61), and warfarin (HR 1.19; 95% CI, 1.09-1.31).

Post-hoc analyses

Analyses with imputations from Statistics Norway had limited impact on the results (Table C
and Figure B in S1 Appendix).

Discussion

This nationwide study provides real-world data on risks of ICH in users of oral antithrombotic
medications. Most antithrombotic drugs were associated with a significantly increased risk of
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Fig 1. Impact of antithrombotic medication on risk of intracranial hemorrhage and fatal intracranial hemorrhage. Drug
exposure was associated with increased risk for all outcomes (p<0.001). All HRs are adjusted for age, sex, comorbidity, and
concomitant medication. (A) Risk of any intracranial hemorrhage. (B) Risk of hemorrhagic stroke. (C) Risk of subdural hemorrhage.
(D) Risk of subarachnoid hemorrhage. (E) Risk of traumatic intracranial hemorrhage. (F) Risk of fatal outcome following
intracranial hemorrhage.

https://doi.org/10.1371/journal.pone.0202575.g001

ICH, with the highest incidence rates in users of warfarin plus aspirin and clopidogrel, warfa-
rin plus aspirin, rivaroxaban plus aspirin, and aspirin-dypiridamole plus clopidogrel. Use of
warfarin, warfarin plus aspirin, warfarin plus aspirin and clopidogrel (triple therapy), and aspi-
rin plus clopidogrel was associated with higher risk of fatal outcome within 90 days following
ICH. Increased one-year mortality was observed in users of antithrombotic medications for all
ICH subgroups.

RCTs have established the relative efficacy or non-inferiority of the new oral anticoagulants
(NOAC) dabigatran, apixaban and rivaroxaban compared with warfarin for the prevention of
stroke or systemic embolism in patients with atrial fibrillation [14-16]. The observed risks of
ICH are generally higher in the present real life setting than reported in RCTs. However, com-
paring results across other studies is challenging due to differences in reporting patterns of
ICH. In a US insurance claims database study these three NOACs were associated with a lower
risk of ICH in patients with atrial fibrillation compared to warfarin, with crude ICH rates per
100 person-years of 0.29 for apixaban, 0.28 for dabigatran, 0.44 for rivaroxaban and 0.79-1.06
for warfarin [7]. In contrast, we observed similar risks of ICH in users of apixaban, rivaroxa-
ban, and warfarin. The incidence rate for hemorrhagic stroke in users of dabigatran in our
study was similar to what was reported in an RCT comparing warfarin and dabigatran (0.10 to
0.12% per year) in patients with atrial fibrillation [14], and supports the findings from a Medi-
care claims database study reporting that use of dabigatran is associated with lower risk of ICH
compared to warfarin [4]. Still, the low ICH risk in dabigatran users presented in our study
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Fig 2. Survival following ICH in users and non-users of antithrombotic medications. There were significant differences in
survival following ICH and in all four subgroups hemorrhagic stroke, subdural hemorrhage, subarachnoid hemorrhage, and
traumatic intracranial hemorrhage between users and non-users of antithrombotic medications (all p<0.001). The shaded areas
indicate 95% Cls. (A) Survival following any intracranial hemorrhage. (B) Survival following hemorrhagic stroke. (C) Survival
following subdural hemorrhage. (D) Survival following subarachnoid hemorrhage. (E) Survival following traumatic intracranial
hemorrhage.

https://doi.org/10.1371/journal.pone.0202575.9002

might be attributed to limited observation time and insufficiently adjusted patient characteris-
tics, and further investigations are warranted. Our results also differ from the findings of an
RCT comparing apixaban and warfarin in patients with atrial fibrillation that found lower
rates of ICH in the apixaban group (0.3% vs 0.8%) [15]. A trial of rivaroxaban versus warfarin
in patients with atrial fibrillation reported a similar rate of ICH for rivaroxaban (0.5%) when
compared to our study, but found higher incidence rates for warfarin (0.7%) [16]. Although
we observed similar incidence rates of ICH for several anticoagulants, warfarin was the only
one associated with increased risk of fatal outcome following ICH either as monotherapy, in
combination with aspirin, or as part of triple therapy (Fig 1F). As demonstrated in Fig 2, one-
year survival was significantly shorter in users of antithrombotic medication in all ICH sub-
groups. During the study period there were no NOAC reversal agents available, and the recent
introduction of such agents may potentially influence case-fatality rates of ICH in NOAC
users [17, 18].

Management of patients with an indication for oral anticoagulation who also have an indi-
cation for antiplatelet treatment due to intercurrent coronary disease is controversial with
unclear treatment guidelines [19-22]. We present ICH risk for several combined anticoagula-
tion and antiplatelet regimens, including NOAC:s plus aspirin, which are commonly used but
have not been investigated in clinical trials. The risks of ICH for rivaroxaban plus aspirin were
similar to warfarin plus aspirin, whereas dabigatran plus aspirin was not associated with
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increased risk. A Danish nationwide study in patients with myocardial infarction found a close
to fourfold risk of hospital admission for bleeding complications with warfarin plus clopido-
grel or triple therapy when compared to aspirin alone [5]. Our study shows a strong associa-
tion between adjusted ICH hazard rates and combined antiplatelet and anticoagulation
treatment, apart from dabigatran plus aspirin. We also found a higher incidence rate of ICH in
patients on triple therapy than a retrospective study on patients with acute coronary syndrome
[23]. However, one trial reported an even higher ICH rate of 1.1% for patients with myocardial
infarction who underwent coronary stenting and were assigned to triple therapy [24].

Although aspirin has been available for more than a century, assessments of its benefits and
risks are still challenging and inappropriate use for primary prevention of thrombotic disease
is common [25, 26]. In a retrospective case-control study including 3,137 patients with either
hemorrhagic stroke or subarachnoid hemorrhage, aspirin did not increase the risk of hemor-
rhagic stroke and decreased the risk of subarachnoid hemorrhage [27]. Further, warfarin use
was associated with a greatly increased risk of hemorrhagic stroke and a moderately increased
risk of subarachnoid hemorrhage. In our study, aspirin was associated with a minor increase
in risk of hemorrhagic stroke without affecting the risk of subarachnoid hemorrhage (Fig 1B
and 1D). However, we observed similar elevated risks of both hemorrhagic stroke and sub-
arachnoid hemorrhage in warfarin users. Trials of dual antiplatelet treatment with aspirin plus
clopidogrel have shown greater risks of life-threatening bleeding as compared with monother-
apy [28, 29]. We also observed higher ICH risks for combinations of antiplatelet drugs com-
pared to monotherapy. The ESPS-2 and ESPRIT trials provided evidence that the combination
aspirin-dipyridamole was more effective in recurrent stroke prevention than either agent pre-
scribed alone [30, 31]. In contrast to our findings, both trials found similar risk of major hem-
orrhage for aspirin-dipyridamole as compared with aspirin monotherapy. Later, the PRoFESS
trial reported an increased risk of ICH among stroke patients treated with aspirin-dipyrida-
mole (1.4%) as compared to patients treated with clopidogrel alone (1.0%), without finding
evidence that either of the two treatments were superior to the other in recurrent stroke pre-
vention [32].

Subdural hemorrhage, subarachnoid hemorrhage, and traumatic intracranial hemorrhage
are often omitted from studies evaluating the efficacy and safety of antithrombotic medica-
tions despite the fact that the risks are clearly increased [33]. Traumatic intracranial hemor-
rhage accounted for 28% of ICH hospital admissions in our study with higher mortality in
users of antithrombotic medications (Fig 1E). A population-based study found that antith-
rombotic medication increased the risk of being admitted to hospital with an injury, and
strongly suggested that antithrombotic medication may increase physical damage following
trauma [34]. Bleeding is a leading cause of preventable death following trauma [35], and
future evaluations of antithrombotic medication should include traumatic intracranial
hemorrhage.

Patients who survive ICH may have risk factors for future thromboembolic events, but the
role of antithrombotic medications remains a therapeutic dilemma with conflicting evidence
and contradictory recommendations [36-41]. There is currently a lack of solid evidence to
guide decisions on whether and when to start or restart treatment in ICH survivors, and both
well designed randomized trials and observational studies should be encouraged [42].

Limitations

This study provides real-world data on risk of ICH in users of antithrombotic medications,
and is an important adjunct to post-marketing surveillance based on spontaneously reported
bleeding complications [43, 44].
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There was a lack of information about important clinical parameters including body mass
index, blood pressure values, tobacco use, lipid levels, and coagulation profile; hence a signifi-
cant effect of unmeasured confounders cannot be excluded. Antithrombotic medication expo-
sure is undeniably associated with medical conditions that affect frailty and the tendency to
experience ICH. A bias toward overestimation of the true association can be tempered by con-
founding in the opposite direction because the association between antithrombotic medica-
tions and medical conditions is not monotonic. In very frail patients, the risk of ICH may
increase disproportionately to the risk of thrombosis, and antithrombotic medication may be
better avoided [45]. Tools are available to estimate the risk of bleeding for patients on anticoa-
gulation treatment to help determine risk-benefit [46], but we had insufficient data on the nec-
essary variables in our population.

Certain assumptions concerning drug exposure were made, and it should be emphasized
that the DDD does not necessarily reflect the recommended or prescribed daily dose. Doses
for individual patients and patient groups will often differ from the DDD and will necessarily
have to be based on individual characteristics and pharmacokinetic considerations. Others
have calculated exposure for each individual by estimating a daily dose after comparing the
accumulated drug dose and the elapsed time from consecutive prescriptions for the drugs
under investigation [47]. Information about the prescribed daily dose was unavailable in
NorPD. However, the prescribed daily dose does not necessarily reflect actual drug doses
consumed. There was likely to be some missing drug exposure in the first months of the
study period for prescriptions dispensed in 2007. This might have increased the observed
incidence rate of ICH in non-users of antithrombotic medication. Prescriptions dispensed in
the last few months of 2014 might have extended beyond our study period, and some patients
might have had an undetected ICH in early 2015 with ongoing exposure. Only ICHs result-
ing in hospital admission were included in the present study. These factors contribute to
more conservative risk and incidence rate estimates of ICH in users of antithrombotic
medications.

Conclusion

The observed risks of ICH were higher than reported in RCTs, showing that there is still room
for improvement in terms of antithrombotic medication safety. Warfarin plus aspirin and clo-
pidogrel, warfarin plus aspirin, rivaroxaban plus aspirin, and aspirin-dypiridamole plus clopi-
dogrel were associated with the highest risks of ICH. Use of warfarin, warfarin plus aspirin,
warfarin plus aspirin and clopidogrel, and aspirin plus clopidogrel was associated with higher
risk of fatal outcome within 90 days following ICH. In users of antithrombotic medications,
increased one-year mortality was observed in all ICH subgroups.
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