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Background: There is a paucity of direct data on the incidence and predictors
of intracranial bleeding (ICB) after coronary artery bypass graft surgery (CABG).

Methods: The Korean National Health Insurance database was used to identify
patients without prior ICB who underwent CABG. The outcomes of interest
were the time-dependent incidence rates of ICB and the associated mortality.

Results: Among 35,021 patients who underwent CABG between 2007 and
2018, 895 (2.6%) experienced an ICB during a median follow-up of 6.0 years.
The 1-year cumulative incidence of ICB was 0.76%, with a relatively high
incidence rate (9.93 cases per 1,000 person-years) within the first 1-30 days.
Subsequent incidence rates showed a sharp decline until 3 years, followed by
a steady decrease up to 10 years. The 1-year mortality rate after ICB was 38.1%,
with most deaths occurring within 30 days (23.6%). The predictors of ICB after
CABG were age > 75 years, hypertension, pre-existing dementia, history of
ischemic stroke or transient ischemic attack, and end-stage renal disease.

Conclusions: In an unselected nationwide population undergoing CABG,
the incidence of ICB was non-negligible and showed a relatively high
incidence rate during the early postoperative period. Post-CABG ICB was
associated with a high risk of premature death. Further research is needed
to stratify high-risk patients and personalize therapeutic decisions for
preventing ICB after CABG.

atherosclerosis, coronary artery bypass graft, intracranial bleeding, mortality,
intracranial hemorrhage
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Introduction

Coronary artery bypass graft surgery (CABG) offers a better
survival rate than percutaneous coronary intervention (PCI)
and is therefore the treatment of choice in patients with
severe coronary artery disease (CAD). However, CABG entails
a higher risk of stroke than PCI (1). Despite improvements
in surgical techniques, equipment, and perioperative care, the
incidence of post-CABG stroke has not significantly declined
over the past decade (2-5). Hemorrhagic stroke, which is less
frequent than ischemic stroke, is a devastating complication of
CABG which carries a high risk of incapacitating disabilities
and mortality (6). The mechanism responsible for intracranial
bleeding (ICB) following CABG is different from that for
ischemic stroke and may be related to modifiable factors such as
prescription medicine. Therefore, both the in-hospital ICB and
the ICB occurring after the early postoperative period should be
considered clinically relevant.

Despite the importance of identifying the incidence pattern
and risk factors for ICB in patients undergoing CABG, there is
limited available information concerning this, including indirect
data from drug trials or unselected stroke populations (7-10).
A large-scale nationwide database would enable the analysis of
every ICB event after CABG and allow more detailed analyses
to guide preventive strategies in real-world clinical settings.
Therefore, in the present study, we investigated the incidence,
predictors, and prognostic impact of ICB in a nationwide
population of patients undergoing CABG during a long-term
follow-up period.

Materials and methods

Source of data

For data acquisition, we used nationwide cohort data
from the National Health Insurance (NHI) database in
South Korea, which is the single compulsory social insurance
service that provides health coverage for all citizens. All
healthcare providers are obligated to join the NHI system
on a fee-for-service basis. The data include information on
more than 50 million patients, covering 98% of the total
population through this universal coverage system. All NHI
claims are reviewed by a quasi-governmental organization
[Health Insurance Review and Assessment Service (HIRA)] and
are systematically classified and recorded in an independent
computerized database (11, 12). From this claims database,
a thorough follow-up for an individual is possible regardless
of the region or hospital from which the medical service
was provided. Thus, complete follow-up data is available
until the last visit to any hospital or death. The database
includes comprehensive information on healthcare services
such as demographic findings, diagnoses, prescriptions, medical

Frontiers in Cardiovascular Medicine

02

10.3389/fcvm.2022.863590

devices, and procedure records. Individual diagnoses are coded
according to the International Classification of Diseases, 10th
Revision (ICD-10). All prescribed medications were recorded
with high accuracy and classified according to the chemical
composition and dose of the drug. The institutional review
board of Asan Medical Center (Seoul, South Korea) approved
the study protocol and exempted the requirement for informed
consent as the database used for the study consisted of
anonymous, de-identified information.

Study population

The study flow is presented in Supplementary Figure 1,
and the definitions of diagnoses, procedures, and drugs are
summarized in Supplementary Table 1. From the HIRA
database, we identified patients aged > 18 years who had
undergone CABG between January 2007 and December 2018
to treat CAD. The screening period to assess the eligibility of
each patient was set to at least 12 months before the index
day. A diagnosis or procedure entered in the database remains
permanently for an individual; therefore, we could ensure
that the study included only those who underwent the first
CABG by excluding patients in whom the database indicated a
history of CAD and CABG during the screening period. CABG
procedures were identified using the designated procedure
codes (01640-01642, 01647-01649, OA640-OA642, OA647-
0OA649). To create a more homogeneous risk population,
patients who died on the day of CABG without a diagnosis of
ICB, patients with any type of ICB before the index operation, or
patients who underwent index CABG with concomitant valvular
surgery were excluded.

Study variables and endpoints

Clinical diagnoses that warranted CABG were categorized
into either acute myocardial infarction or the others. We
identified individual comorbid conditions such as hypertension,
diabetes, dyslipidemia, history of heart failure, valvular heart
disease, atrial fibrillation, peripheral artery disease, liver
cirrhosis, end-stage renal disease requiring dialysis, cancer,
dementia, and prior ischemic stroke or transient ischemic
attack. The Charlson comorbidity index was used to measure
the life expectancy (13). Further, it was determined whether
CABG procedures were performed off-pump, and if they
required mechanical circulatory support on the index day.
Additionally, the use of antithrombotic medications [e.g.,
aspirin, P2Y12 inhibitors, vitamin K antagonist (VKA), and
direct oral anticoagulants (DOACs)] was examined.

The primary endpoint of the study was the occurrence
of non-traumatic ICB after the index CABG, considering
that bleeding definitions consistently include ICB—regardless

frontiersin.org


https://doi.org/10.3389/fcvm.2022.863590
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Kim et al.

of the subtype—as the component for CABG-related major
bleeding. The ICD-10 system classifies non-traumatic ICB as
subarachnoid hemorrhage (160), intraparenchymal hemorrhage
(I61), subdural hemorrhage (162.0), epidural hemorrhage
(I62.1), and unspecified ICB (162.9). To ensure that the event
was a new one, ICB was qualified through both ICD-10 codes
and brain imaging scans—either computed tomography or
magnetic resonance imaging—during the hospitalization. Death
was verified by all in- and outpatient claim records that indicated
death. All claim data accrued until December 2020 were used,
which allowed for at least 2 years of clinical follow-up for
all study patients.

Statistical analysis

Descriptive statistics for continuous variables are presented
as median [interquartile range (IQR)] and were compared
using the Wilcoxon rank-sum test. Categorical variables are
presented as percentages and were tested using the chi-square
test with the Yates continuity correction. Time-dependent rates
of ICB and its subtypes were evaluated by incidence rates
and are presented as the number of cases per 1,000 person-
years. Mortality was estimated by the Kaplan-Meier method,
and intergroup comparisons were assessed using the log-rank
test. The multivariable Cox proportional hazards regression
model was used to determine the predictors of ICB after
CABG. The model included age (> 75 vyears), sex, acute
myocardial infarction, diabetes, dyslipidemia, hypertension,
congestive heart failure, valvular heart disease, atrial fibrillation,
liver cirrhosis, end-stage renal disease (ESRD) requiring dialysis,
peripheral arterial disease, cancer, pre-existing dementia, history
of ischemic stroke or transient ischemic attack (TIA), off-
pump coronary artery bypass graft surgery (OPCAB), use of
mechanical circulatory support, use of VKA, use of DOACs, use
of dual-antiplatelet therapy (DAPT), and use of statin. There was
no relevant multicollinearity between variables assessed by the
variance inflation factor values. Notably, occurrences of ICB on
the day of index CABG were excluded for the multivariable Cox
model. Factors associated with ICB on the day of index CABG
were determined using binary logistic regression. In addition,
the impact of ICB on mortality was examined using a time-
dependent covariate analysis. All analyses included the entire
dataset without any missing value. Statistical significance was
defined at P < 0.05 for all two-sided tests. Data analyses were
performed using SAS® version 9.4 (SAS Institute Inc., Cary,
NG, United States).

Results

Overall, 6,806 patients underwent index CABG with
concomitant valvular surgery, and were excluded from the final
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TABLE 1 Baseline characteristics of patients with or without
intracranial bleeding.

Total No ICB ICB P

(N =35,021) (n=34,126) (n=895)
Age, years 66 (58-72) 66 (58-72) 67 (60-73) < 0.001
> 75 years 17.0 16.9 18.7 0.19
Male sex 74.0 74.0 70.9 0.04
Acute myocardial 18.6 18.5 19.2 0.64
infarction
Medical history
Diabetes 35.0 349 37.0 0.22
Dyslipidemia 67.1 67.2 65.0 0.19
Hypertension 83.6 83.5 87.6 0.001
Congestive heart 26.3 26.4 24.5 0.21
failure
Valvular heart 1.8 1.8 2.5 0.19
disease
Atrial fibrillation 5.0 49 6.0 0.16
Peripheral arterial 27.5 274 294 0.21
disease
Liver cirrhosis 1.1 1.1 1.1 0.98
Chronic lung disease 36.6 36.6 37.5 0.59
ESRD requiring 3.5 34 6.1 < 0.001
dialysis
History of ischemic 15.8 15.7 21.5 < 0.001
stroke or TTA
Cancer 4.6 4.6 4.1 0.59
Pre-existing 3.6 3.6 5.7 0.001
dementia
Charlson 3(2-5) 3(1-5) 3(2-5)  <0.001
comorbidity index
Off-pump CABG 60.4 60.4 58.4 0.25
Use of mechanical 3.3 33 2.6 0.26
circulatory support
Medication at
discharge
Single antiplatelet 7.7 7.7 9.7 0.03
therapy
Dual antiplatelet 78.0 78.1 74.6 0.02
therapy
Use of vitamin K 7.6 7.5 10.5 0.001
antagonist
Use of direct oral 1.1 1.1 0.9 0.68
anticoagulants*
Statin 86.5 86.6 82.8 0.001

Data are shown as median and interquartile range or percentage.

*Direct oral anticoagulants include dabigatran, rivaroxaban, apixaban, and edoxaban.
CABG, coronary artery bypass grafting surgery; ICB, intracranial bleeding; ESRD, end-
stage renal disease; TIA, transient ischemic attack.

cohort (Supplementary Figure 1). A total of 35,021 patients met
the eligibility criteria and were included in the current analysis.
The baseline patient characteristics are presented in Table 1.
The median age of the patients was 66 years, 74.0% were men,
and 18.6% were diagnosed with acute myocardial infarction.
Comorbid conditions included diabetes in 35.0% of the patients,
atrial fibrillation in 5.0%, history of ischemic stroke in 13.8%,
and end-stage renal disease in 3.5%. Additionally, OPCAB was
performed in 60.4% of the patients, 78.0% of the patients were
discharged with DAPT and only 7.6% received VKA.
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Incidence of intracranial bleeding over
time

During a median follow-up duration of 6.0 years (IQR, 3.3-
9.6) after CABG, a total of 895 patients were newly diagnosed
with ICB, of which 530 (59.2%) cases had intraparenchymal
hemorrhage. The risk of ICB accrued over time, with the rate
of ICB at 30 days, 1 year, and 2 years being 0.30%, 0.76%, and
1.11%, respectively (Figure 1). The overall incidence rate was
3.98 cases per 1,000 person-years. Furthermore, the incidence
rates had an early peak of 37.15 cases per 1,000 person-years
within the first 30 days after the index surgery and showed
a sharp decline until 3 years, followed by a steady decrease
up to 10 years (Table 2). Notably, 73.3% (74/101) of early
(< 30 days) ICB events occurred on the index day of CABG. The
temporal trend of ICB occurrence was similar among different
subtypes of ICB (Supplementary Table 2). In terms of the types
of surgery, patients who underwent on-pump surgery showed
a numerically higher cumulative incidence of ICB compared
with those who underwent OPCAB (P = 0.09; Supplementary
Figure 2). This difference was due to the different occurrence
of ICB on the index day (49 cases in on-pump surgery vs. 25
cases in OPCAB).

Predictors of intracranial bleeding

Compared with the group that did not experience ICB,
the ICB group had an older age, a higher proportion
of female patients, and higher frequencies of hypertension,
ESRD requiring dialysis, pre-existing dementia, and previous
ischemic stroke or TIA (Table 1). Regarding the procedural
characteristics, patients with ICB were more likely to receive on-
pump surgery than those without ICB. Patients in the ICB group
were more commonly treated with VKA and less commonly
treated with statins.
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FIGURE 1
Cumulative incidence of intracranial bleeding. CABG, coronary
artery bypass grafting surgery.
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The multivariable-adjusted independent predictors of ICB
after CABG (excluding ICB on the day of index CABG; n = 74)
included: age > 75 years, hypertension, pre-existing dementia,
history of ischemic stroke or TIA, and ESRD requiring dialysis
(Table 3). Use of DAPT [hazard ratio (HR), 0.80; 95% confidence
interval (CI), 0.63-1.00] and congestive heart failure (HR
0.84; 95% CI, 0.71-1.01) showed a borderline association
with ICB, whereas the use of VKA, DOACs, or statins did
not show significant associations with ICB. Factors associated
with ICB on the index day (day 0) determined by logistic
regression were on-pump surgery, CABG requiring mechanical
circulatory support on the index day, and pre-existing dementia
(Supplementary Table 3).

Impact on mortality

A total of 10,197 patients died during the follow-up
period (1-year and 5-year mortality rates: 8.5% and 18.4%,
respectively). Overall, patients who experienced ICB had higher
crude rates of 5-year mortality compared with those who
did not (33.7% vs. 19.1%, P < 0.001; Figure 2A), and this
difference was evident after 30 days post-CABG. The cumulative
incidence curve for mortality beginning from the time of
the ICB event is shown in Figure 2B. The 1l-year mortality
rate after ICB was 38.3%, with most deaths occurring within
30 days (n = 211, mortality rate: 23.6%). Such a high rate
of early death was observed regardless of the timing of
the occurrence of ICB after index CABG (Supplementary
Figure 3). In multivariable analyses, ICB was revealed as a strong
independent predictor for all-cause mortality (HR, 4.32; 95% CI,
3.94-4.73; P < 0.001).

TABLE 2 Incidence rates of intracranial bleeding according to time
after index surgery.

Time after No.atrisk No.of ICB Incidence rate*
index surgery cases

Overall 35,021 895 3.98 (3.73-4.25)
0-30 days 35,021 101 37.15 (30.57-45.15)
1-30 days 34,932 27 9.93 (6.81-14.48)
30 days to 1 year 33,718 154 4.72 (4.03-5.53)
1-2 years 31,895 111 1.75 (1.46-2.11)
2-3 years 30,919 99 1.07 (0.88-1.31)
3-4 years 27,213 87 0.80 (0.65-0.99)
4-5 years 23,759 75 0.63 (0.51-0.79)
5-6 years 20,427 51 0.42 (0.32-0.55)
6-7 years 17,380 57 0.47 (0.36-0.61)
7-8 years 14,743 39 0.33 (0.24-0.45)
8-9 years 12,440 42 0.38 (0.28-0.51)
9-10 years 10,087 24 0.24 (0.16-0.36)

*Reported as cases per 1,000 person-years (95% confidence interval).
CABG, coronary artery bypass grafting surgery; ICB, intracranial bleeding.
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FIGURE 2

Cumulative incidence of all-cause mortality. Cumulative incidence curves for mortality in the overall population (A) and in the ICB population
(B). Note that panel (B) shows the cumulative incidence curve starting from the ICB event. ICB, intracranial bleeding; CABG, coronary artery

bypass grafting surgery.

Discussion

This current, contemporary study evaluated the incidence,
predictors, and mortality impact of spontaneous ICB after
CABG
population. The main findings of the analyses were that: (1)
ICB complicated 2.6% of patients after CABG with an incidence
rate of 4.0 cases per 1,000 person-years at a median of 6.0 years

in an unbiased, real-world, nationwide patient

of follow-up; (2) ICB risk was the highest during the early
postoperative period, and increased monotonically with a low
incidence rate during the late period; (3) clinical risk factors
were associated with the risk of ICB, whereas pharmacologic
risk factors did not reach statistical significance; and (4) ICB
was strongly associated with subsequent mortality, regardless of
the timing of its occurrence after CABG.

Although ICB has been identified as the most severe
form of bleeding following CABG by the Bleeding Academic
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Research Consortium definition, ICB in patients undergoing
CABG has often been overlooked due to its low incidence
(14). To our knowledge, no previous study has systemically
assessed the real-world incidence of ICB after CABG. Previous
drug trials and registry studies focusing on patients with
acute coronary syndrome consistently reported a 1-year ICB
incidence of 0.2-0.4% (15-20). However, CABG was performed
in a minority of the patients (1-10%) in those studies, and
their results do not fully represent our population of interest.
A nationwide Taiwanese study evaluated the incidence of stroke
after coronary or valve surgery and reported an incidence
rate of 2.8% for in-hospital stroke among 49,919 patients
who underwent CABG (21). Considering that 10.6% of all
strokes were hemorrhagic strokes in the total cohort, the
incidence rate of in-hospital ICB could be speculated to be
0.3%. Unlike these indirect data, our study directly provides
the data on the actual incidence of ICB following CABG in a
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time-dependent manner, from the early postoperative period
to 10-years postoperatively, in patients with diverse degrees of
risk. We found that the 1-year rate of ICB was 0.76%, which
is somewhat higher than that reported in previous studies
on non-CABG CAD populations (22-27). Considering that
several patient-related intrinsic risk factors were associated
with ICB, a higher ICB rate in post-CABG patients than
in the general CAD or PCI population seems reasonable.
However, the high incidence rate in the early postoperative
period highlights the potential influence of extrinsic factors
associated with the operation, such as the types of surgery or
the exposure time and dose of parenteral anticoagulation. As
expected, the consequence of ICB in our cohort was critical

TABLE 3 Predictors of intracranial bleeding after index surgery
(1 day—10 years).

Variables Univariate P Multivariate P
Age > 75 years 1.60 (1.34-1.91) < 0.001 1.51 (1.26-1.82) < 0.001
Male sex 0.88 (0.76-1.02) 0.09 0.96 (0.83-1.12) 0.64
Acute myocardial 1.11 (0.93-1.32) 0.24 0.99 (0.82-1.19) 0.88
infarctiont

Diabetes 1.18 (1.02-1.36) 0.02 1.03 (0.88-1.20) 0.74
Dyslipidemia 1.00 (0.86-1.15) 0.94 0.89 (0.76-1.04) 0.13
Hypertension 1.49 (1.20-1.84) < 0.001 1.26 (1.01-1.58) 0.04
Congestive heart  1.12 (0.96-1.32) 0.16 0.84 (0.71-1.01) 0.07
failure

Valvular heart 1.54 (1.00-2.37) 0.05 1.32 (0.85-2.04) 0.22
disease

Atrial fibrillation  1.46 (1.09-1.95) 0.01 1.14 (0.84-1.55) 0.39
Peripheral 1.21 (1.04-1.41) 0.01 0.94 (0.79-1.11) 0.45
arterial disease

Liver cirrhosis 1.29 (0.67-2.48) 0.45 1.01 (0.52-1.97) 0.97
ESRD requiring ~ 3.39 (2.56-4.50) <0.001  2.69(1.97-3.68) < 0.001
dialysis

History of 1.60 (1.36-1.89) < 0.001 1.25 (1.04-1.50) 0.02
ischemic stroke

or TIA

Cancer 1.07 (0.75-1.51) 0.72 0.79 (0.54-1.15) 0.21
Pre-existing 2.11 (1.55-2.87) < 0.001 1.40 (1.01-1.93) 0.04
dementia

On-pump 1.03 (0.89-1.18) 0.72 1.02 (0.89-1.18) 0.78
surgery (vs.

Off-pump

CABG)

Use of 1.28 (0.74-2.21) 0.38 1.23 (0.71-2.13) 0.46
mechanical

circulatory

support

Dual antiplatelet  0.69 (0.59-0.82) < 0.001  0.80 (0.63-1.00) 0.05
therapy

Use of vitamin K 1.59 (1.27-1.98) < 0.001 1.20 (0.89-1.63) 0.24
antagonist

Use of direct oral  1.72 (0.85-3.46) 0.13 1.22 (0.59-2.55) 0.59
anticoagulants*

Use of statin 0.86 (0.71-1.03) 0.10 0.90 (0.74-1.08) 0.26

Values are hazard ratios (95% confidence interval).

tHazard ratios are for patients with clinical presentation of acute myocardial infarction
compared to those with angina.

*Direct oral anticoagulants include dabigatran, rivaroxaban, apixaban, and edoxaban.
CABG, coronary artery bypass grafting surgery; ESRD, end-stage renal dialysis; TIA,
transient ischemic attack.
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in that nearly a quarter of patients died within 30 days.
Furthermore, the difference in the mortality rates between
those with and without ICB became more distinct after
30 days, suggesting a multifactorial relationship between ICB
and mortality in the long term. Fortunately, the occurrence
rate of ICB showed a steep decline and diminished to less than
one case per 1,000 patient-years from the third year after index
CABG.

The multivariable analysis of our nationwide data confirmed
some of the previously suggested predictors of ICB. Firstly,
patients aged > 75 years and patients with a history of ischemic
stroke or TIA were at higher risks for ICB, implying a higher
probability of having a cerebrovascular pathology than their
counterparts (24-27). Hypertension is also a well-established
risk factor for ICB (26-28), and pre-existing dementia has
been reported to be frequent in patients with ICB (29). In
addition, the presence of ESRD was associated with more than
a twofold increase in the risk of ICB (26). Considering that
decreased renal function has been identified as a significant
predictor for ICB in previous studies (26, 28), reduced clearance
of antithrombotic drugs could be a plausible mechanism. We did
not find anticoagulant, dual antiplatelet, or statin treatment to
be associated with any increased risk of ICB. Since the majority
(78.0%) were prescribed DAPT, mostly because of OPCAB
(60.4%), the use of DAPT showed a borderline association
with decreased hazard for ICB occurrence. However, oral
anticoagulation after CABG is reserved for patients with atrial
fibrillation, those with a history of venous thromboembolism,
and those who undergo concurrent valvular surgery at the
time of CABG. After excluding those who underwent index
CABG with concomitant valvular surgery, neither VKA nor
DOAC prescription reached statistical significance. Since only
a small number of patients were prescribed either VKA (7.6%)
or DOAC (1.1%) and the medication history was not a
time dependent variable, these findings are inconclusive and
are allowing only limited interpretation. Finally, it should
be highlighted that these multivariable-adjusted independent
predictors of ICB after CABG are very similar to ICB
risk factors from the HAS-BLED score (30). Therefore,
identifying those at high risk for post-CABG ICB based on
intrinsic variables and making clinical decisions toward more
balanced procedural and antithrombotic strategies would be a
reasonable approach.

In South Korea, the case fatality rate of ICB in an unselected
population was approximately 35% at 1 month (from the HIRA
database) (31). In our analyses, the consequence of ICB was also
severe, with the mortality at 30 days after ICB being 23.6%. The
mortality risk showed no statistical difference according to the
timing of the occurrence of ICB after index CABG. Given that
the cumulative mortality curve continued to diverge for those
with and without ICB, the impact of ICB on mortality in patients
undergoing CABG is considerable during a long-term follow-
up period.
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Study limitations

Although our study had several strengths, including its
large size, recruitment of a nationwide CABG population,
and identification of every ICB during a long-term follow-
up period, it also has several limitations. First, due to
the administrative nature of the NHI database, data on
operative and laboratory variables—such as cardiopulmonary
bypass time, heparin doses, platelet count, and preoperative
brain imaging—were not available, which limited more
detailed analyses of the potential predictors of ICB. Second,
drug use was determined according to the history of
prescription and not on actual adherence; moreover, the
time in therapeutic range value in patients taking VKA
was unavailable, which hindered robust assessment of the
causal relationship between VKA use and ICB development.
Third, the study design excluded patients with a history
of either spontaneous or traumatic ICB, and this might
have led to an underestimation of the ICB incidence rate
after CABG. Fourth, the retrospective study design cannot
address the ICB risk attributable to CABG. To determine
the causality of CABG for ICB, patients who did not
undergo CABG but had similar clinical risk profile are
needed for competing risk analysis, which is not feasible
in real-world settings. Finally, although our findings may
have broad generalizability owing to the large size of the
population, the study was restricted to Korean patients and
specific circumstances (i.e., the first CABG without a previous
diagnosis of CAD), potentially limiting the applicability
of our findings to other ethnic groups or other high-
risk patients.

Conclusion

In a nationwide unselected population of patients
undergoing CABG, the 1-year incidence of ICB was non-
negligible (0.76%) with a particularly high incidence rate
during the 30-day early postoperative period following
CABG. Post-CABG ICB was a high
risk of premature death, regardless of the timing of its

associated with
occurrence. Further studies are needed to stratify high-risk

patients and personalize therapeutic decisions to prevent
ICB following CABG.

Data availability statement

in the
article/Supplementary material,

contributions
the
further inquiries can be directed to the corresponding

The original presented study

are included in

author/s.

Frontiers in Cardiovascular Medicine

07

10.3389/fcvm.2022.863590

Ethics statement

The studies involving human participants were reviewed
and approved by the Institutional Review Board of Asan
Medical Center (Seoul, South Korea). Written informed
consent for participation was not required for this study
with the the
institutional requirements.

in accordance national legislation and

Author contributions

All authors listed have made a substantial, direct, and
intellectual contribution to the work, and approved it
for publication.

Funding

This study was supported by a grant (2019IE7054) from
the Asan Institute for Life Sciences at Asan Medical Center,
Seoul, South Korea.

Conflict of interest

SP and D-SK were employed by Hanmi Pharmaceutical Co.,
Ltd.

The remaining authors declare that the research was
conducted in the absence of any commercial or financial
that could be
conflict of interest.

relationships construed as a potential

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fcvm.2022.863590/full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fcvm.2022.863590
https://www.frontiersin.org/articles/10.3389/fcvm.2022.863590/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2022.863590/full#supplementary-material
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Kim et al.

References

1. Head §J, Milojevic M, Daemen ], Ahn JM, Boersma E, Christiansen EH,
et al. Mortality after coronary artery bypass grafting versus percutaneous coronary
intervention with stenting for coronary artery disease: a pooled analysis of
individual patient data. Lancet. (2018) 391:939-48. doi: 10.1016/S0140-6736(18)
30423-9

2. Gaudino M, Angiolillo DJ, Di Franco A, Capodanno D, Bakaeen F, Farkouh
ME, et al. Stroke after coronary artery bypass grafting and percutaneous coronary
intervention: incidence, pathogenesis, and outcomes. ] Am Heart Assoc. (2019)
8:¢013032. doi: 10.1161/JAHA.119.013032

3. McKhann GM, Grega MA, Borowicz LM Jr, Baumgartner WA, Selnes OA.
Stroke and encephalopathy after cardiac surgery: an update. Stroke. (2006) 37:562—
71. doi: 10.1161/01.STR.0000199032.78782.6¢

4. Tarakji KG, Sabik JF III, Bhudia SK, Batizy LH, Blackstone EH. Temporal
onset, risk factors, and outcomes associated with stroke after coronary artery bypass
grafting. JAMA. (2011) 305:381-90. doi: 10.1001/jama.2011.37

5. Palmerini T, Savini C, Di Eusanio M. Risks of stroke after coronary artery
bypass graft - recent insights and perspectives. Interv Cardiol. (2014) 9:77-83.
doi: 10.15420/icr.2011.9.2.77

6. Aldea GS, O’Gara P, Shapira OM, Treanor P, Osman A, Patalis E, et al. Effect of
anticoagulation protocol on outcome in patients undergoing CABG with heparin-
bonded cardiopulmonary bypass circuits. Ann Thorac Surg. (1998) 65:425-33. doi:
10.1016/s0003-4975(97)01347-7

7. Filsoufi F Rahmanian PB, Castillo JG, Bronster D, Adams DH. Incidence,
topography, predictors and long-term survival after stroke in patients undergoing
coronary artery bypass grafting. Ann Thorac Surg. (2008) 85:862-70. doi: 10.1016/
j.athoracsur.2007.10.060

8. Schachner T, Zimmer A, Nagele G, Laufer G, Bonatti J. Risk factors for late
stroke after coronary artery bypass grafting. ] Thorac Cardiovasc Surg. (2005)
130:485-90. doi: 10.1016/j.jtcvs.2004.12.038

9. Stamou SC, Hill PC, Dangas G, Pfister AJ, Boyce SW, Dullum MK, et al. Stroke
after coronary artery bypass: incidence, predictors, and clinical outcome. Stroke.
(2001) 32:1508-13. doi: 10.1161/01.str.32.7.1508

10. Wang J, Gu C, Gao M, Yu W, Li H, Zhang F, et al. Comparison of the
incidence of postoperative neurologic complications after on-pump versus off-
pump coronary artery bypass grafting in high-risk patients: a meta-analysis of 11
studies. Int ] Cardiol. (2015) 185:195-7. doi: 10.1016/j.ijcard.2015.03.115

11. Lee J, Lee JS, Park SH, Shin SA, Kim K. Cohort profile: the national
health insurance service-national sample cohort (NHIS-NSC), South Korea. Int J
Epidemiol. (2017) 46:e15. doi: 10.1093/ije/dyv319

12. Kim JA, Yoon S, Kim LY, Kim DS. Towards actualizing the value potential of
korea health insurance review and assessment (HIRA) data as a resource for health
research: strengths, limitations, applications, and strategies for optimal use of HIRA
data. ] Korean Med Sci. (2017) 32:718-28. doi: 10.3346/jkms.2017.32.5.718

13. Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi JC, et al. Coding
algorithms for defining comorbidities in ICD-9-CM and ICD-10 administrative
data. Med Care. (2005) 43:1130-9. doi: 10.1097/01.mlIr.0000182534.19832.83

14. Mehran R, Rao SV, Bhatt DL, Gibson CM, Caixeta A, Eikelboom J, et al.
Standardized bleeding definitions for cardiovascular clinical trials: a consensus
report from the bleeding academic research consortium. Circulation. (2011)
123:2736-47. doi: 10.1161/CIRCULATIONAHA.110.009449

15. Yusuf S, Zhao E, Mehta SR, Chrolavicius S, Tognoni G, Fox KK, et al. Effects
of clopidogrel in addition to aspirin in patients with acute coronary syndromes

without ST-segment elevation. N Engl ] Med. (2001) 345:494-502. doi: 10.1056/
NEJMoa010746

16. Wiviott SD, Braunwald E, McCabe CH, Montalescot G, Ruzyllo W, Gottlieb
S, et al. Prasugrel versus clopidogrel in patients with acute coronary syndromes. N
Engl ] Med. (2007) 357:2001-15. doi: 10.1056/NEJMo0a0706482

Frontiers in Cardiovascular Medicine

08

10.3389/fcvm.2022.863590

17. Wallentin L, Becker RC, Budaj A, Cannon CP, Emanuelsson H, Held C, et al.
Ticagrelor versus clopidogrel in patients with acute coronary syndromes. N Engl J
Med. (2009) 361:1045-57. doi: 10.1056/NEJMo0a0904327

18. Lee CW, Ahn JM, Park DW, Kang SJ, Lee SW, Kim YH, et al. Optimal
duration of dual antiplatelet therapy after drug-eluting stent implantation:
a randomized, controlled trial. Circulation. (2014) 129:304-12. doi: 10.1161/
CIRCULATIONAHA.113.003303

19. Roe MT, Armstrong PW, Fox KA, White HD, Prabhakaran D,
Goodman SG, et al. Prasugrel versus clopidogrel for acute coronary
syndromes without revascularization. N Engl ] Med. (2012) 367:1297-309.
doi: 10.1056/NEJMoal205512

20. Bonaca MP, Bhatt DL, Cohen M, Steg PG, Storey RE, Jensen EC, et al. Long-
term use of ticagrelor in patients with prior myocardial infarction. N Engl ] Med.
(2015) 372:1791-800. doi: 10.1056/NEJMoal500857

21. Chen CC, Chen TH, Tu PH, Wu VC, Yang CH, Wang AY, et al. Long-term
outcomes for patients with stroke after coronary and valve surgery. Ann Thorac
Surg. (2018) 106:85-91. doi: 10.1016/j.athoracsur.2018.01.067

22. Patlolla SH, Sundaragiri PR, Cheungpasitporn W, Doshi R, Barsness GW,
Rabinstein AA, et al. Intracranial hemorrhage complicating acute myocardial
infarction: an 18-year national study of temporal trends, predictors, and outcomes.
J Clin Med. (2020) 9:2717. doi: 10.3390/jcm9092717

23. Natsuaki M, Morimoto T, Watanabe H, Nakagawa Y, Furukawa Y, Kadota
K, et al. Ischemic and bleeding risk after percutaneous coronary intervention in
patients with prior ischemic and hemorrhagic stroke. ] Am Heart Assoc. (2019)
8:€013356. doi: 10.1161/JAHA.119.013356

24. Ducrocq G, Amarenco P, Labreuche ], Alberts MJ, Mas JL, Ohman EM, et al.
A history of stroke/transient ischemic attack indicates high risks of cardiovascular
event and hemorrhagic stroke in patients with coronary artery disease. Circulation.
(2013) 127:730-8. doi: 10.1161/CIRCULATIONAHA.112.141572

25. Mahaffey KW, Hager R, Wojdyla D, White HD, Armstrong PW, Alexander
JH, et al. Meta-analysis of intracranial hemorrhage in acute coronary syndromes:
incidence, predictors, and clinical outcomes. ] Am Heart Assoc. (2015) 4:e001512.
doi: 10.1161/JAHA.114.001512

26. Graipe A, Binsell-Gerdin E, Soderstrom L, Mooe T. Incidence, time trends,
and predictors of intracranial hemorrhage during long-term follow-up after acute
myocardial infarction. ] Am Heart Assoc. (2015) 4:€002290. doi: 10.1161/JAHA.115.
002290

27. Binsell-Gerdin E, Graipe A, Ogren J, Jernberg T, Mooe T. Hemorrhagic
stroke the first 30 days after an acute myocardial infarction: incidence, time trends
and predictors of risk. Int J Cardiol. (2014) 176:133-8. doi: 10.1016/j.ijcard.2014.0
7.032

28. Eikelboom JW, Mehta SR, Anand SS, Xie C, Fox KA, Yusuf S. Adverse
impact of bleeding on prognosis in patients with acute coronary syndromes.
Circulation.  (2006) 114:774-82. doi: 10.1161/CIRCULATIONAHA.106.61
2812

29. Cordonnier C, Leys D, Dumont F Deramecourt V, Bordet R, Pasquier
F et al. What are the causes of pre-existing dementia in patients with
intracerebral haemorrhages? Brain. (2010) 133:3281-9. doi: 10.1093/brain/aw
q246

30. Pisters R, Lane DA, Nieuwlaat R, de Vos CB, Crijns HJ, Lip GY. A novel
user-friendly score (HAS-BLED) to assess 1-year risk of major bleeding in patients
with atrial fibrillation: the Euro heart survey. Chest. (2010) 138:1093-100. doi:
10.1378/chest.10-0134

31. Hong KS, Bang OY, Kang DW, Yu KH, Bae HJ, Lee JS, et al. Stroke statistics
in Korea: part I. Epidemiology and risk factors: a report from the Korean stroke
society and clinical research center for stroke. J Stroke. (2013) 15:2-20. doi: 10.5853/
j0s.2013.15.1.2

frontiersin.org


https://doi.org/10.3389/fcvm.2022.863590
https://doi.org/10.1016/S0140-6736(18)30423-9
https://doi.org/10.1016/S0140-6736(18)30423-9
https://doi.org/10.1161/JAHA.119.013032
https://doi.org/10.1161/01.STR.0000199032.78782.6c
https://doi.org/10.1001/jama.2011.37
https://doi.org/10.15420/icr.2011.9.2.77
https://doi.org/10.1016/s0003-4975(97)01347-7
https://doi.org/10.1016/s0003-4975(97)01347-7
https://doi.org/10.1016/j.athoracsur.2007.10.060
https://doi.org/10.1016/j.athoracsur.2007.10.060
https://doi.org/10.1016/j.jtcvs.2004.12.038
https://doi.org/10.1161/01.str.32.7.1508
https://doi.org/10.1016/j.ijcard.2015.03.115
https://doi.org/10.1093/ije/dyv319
https://doi.org/10.3346/jkms.2017.32.5.718
https://doi.org/10.1097/01.mlr.0000182534.19832.83
https://doi.org/10.1161/CIRCULATIONAHA.110.009449
https://doi.org/10.1056/NEJMoa010746
https://doi.org/10.1056/NEJMoa010746
https://doi.org/10.1056/NEJMoa0706482
https://doi.org/10.1056/NEJMoa0904327
https://doi.org/10.1161/CIRCULATIONAHA.113.003303
https://doi.org/10.1161/CIRCULATIONAHA.113.003303
https://doi.org/10.1056/NEJMoa1205512
https://doi.org/10.1056/NEJMoa1500857
https://doi.org/10.1016/j.athoracsur.2018.01.067
https://doi.org/10.3390/jcm9092717
https://doi.org/10.1161/JAHA.119.013356
https://doi.org/10.1161/CIRCULATIONAHA.112.141572
https://doi.org/10.1161/JAHA.114.001512
https://doi.org/10.1161/JAHA.115.002290
https://doi.org/10.1161/JAHA.115.002290
https://doi.org/10.1016/j.ijcard.2014.07.032
https://doi.org/10.1016/j.ijcard.2014.07.032
https://doi.org/10.1161/CIRCULATIONAHA.106.612812
https://doi.org/10.1161/CIRCULATIONAHA.106.612812
https://doi.org/10.1093/brain/awq246
https://doi.org/10.1093/brain/awq246
https://doi.org/10.1378/chest.10-0134
https://doi.org/10.1378/chest.10-0134
https://doi.org/10.5853/jos.2013.15.1.2
https://doi.org/10.5853/jos.2013.15.1.2
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Incidence and predictors of intracranial bleeding after coronary artery bypass graft surgery
	Introduction
	Materials and methods
	Source of data
	Study population
	Study variables and endpoints
	Statistical analysis

	Results
	Incidence of intracranial bleeding over time
	Predictors of intracranial bleeding
	Impact on mortality

	Discussion
	Study limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


