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Abstract: Background: There are several reports on the prevalence and characteristics of intracranial
hemorrhage (ICH) following percutaneous coronary intervention (PCI), which is a rare but severe
complication with high mortality. However, the clinical landscapes of computed tomography (CT)-
confirmed, symptomatic ICH in hospitalized patients are not fully characterized. Methods: Among
121,066 patients receiving PCI treatment in the Fu Wai Hospital between 2013 and 2022, there
were 18 CT-defined, symptomatic patients with ICH occurring during post-PCI hospitalization.
Symptomatic ICH was defined as clinical suspicion of hemorrhage and/or new focal neurological
signs. We analyzed ICH timing, clinical and imaging features, and subsequent outcomes. Results:
Overall, in this retrospective analysis, the incidence of CT-defined, symptomatic ICH was 0.015%
(18/121,066). More than half of the cases (55.6%) occurred within the first 12 h following PCI. The most
common initial manifestation of ICH patients was disturbance of consciousness. Thirteen patients
(72.2%) had a hematoma volume ≥ 30 cm3. Additionally, the ICH was observed in the cerebral
lobe (66.7%), cerebellum (22.2%), and the basal ganglia and thalamus (11.1%). The 90-day mortality
of ICH patients undergoing PCI was very high (72.2%). Consciousness disturbance (p = 0.036),
intracerebral hemorrhage volume > 30 mm3 (p = 0.001), and intracerebral hemorrhage originating
from the infratentorial origin (p = 0.044) were significantly higher in patients who died. Conclusions:
Symptomatic ICH events occur with a rate of around 0.015%, with significantly higher short-term
mortality risk in our cohort receiving PCI, which has not yet been demonstrated in other cohorts.

Keywords: symptomatic intracranial hemorrhage; percutaneous coronary intervention; coronary
artery disease; incidence; clinical characteristics

1. Introduction

Antithrombotic therapy is the cornerstone of treatment for patients with ischemia
coronary artery disease undergoing percutaneous coronary intervention (PCI), which can
effectively reduce the incidence of thromboembolic events while increasing the risk of
bleeding [1]. There is now solid evidence available indicating that there is a significant asso-
ciation between severe bleeding events and unfavorable outcomes, necessitating particular
attention [2].

Intracranial hemorrhage (ICH) is the most devasting bleeding complication after
PCI and has been considered a crucial safety end point in antithrombotic treatment trials.
It has also been documented to be rare; as a result, it is frequently neglected, even in
typical patients exhibiting the risk of bleeding. A comprehensive comprehension of PCI-
related ICH will assist physicians to determine a reasonable antithrombotic strategy that
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balances the bleeding and ischemic risks. However, there are limited studies exploring
ICH following PCI. At the individual level, the risk for ICH in patients was relatively low.
In a pooled patient-level data analysis of 37 815 patients with non-ST-segment elevation
acute coronary syndrome during a median follow-up of 332 days from four contemporary
antithrombotic therapy trials, ICH occurred in 135 patients (0.4%) [3].On the contrary,
at a population level, the total health economic and care burden of ICH associated with
PCI is considerable. In Italy, the incidence rate of PCI for coronary artery diseases ranges
from 120 to 178 cases per 100 000 residents per year. Furthermore, in the United States,
approximately 1 to 1.2 million people are hospitalized with acute coronary diseases each
year. In 2020, the global prevalence of stroke was 89.13 million cases, of which 18.88 million
cases also showed a global prevalence of ICH [4,5]. As a consequence, the overall count of
ICH cases following PCI may be quite substantial.

ICH following PCI is infrequent but is associated with a high mortality rate and
potentially causes life-changing disabilities in those who survive [6–8]. Several clinical
studies have demonstrated that ICH patients have a fatality rate ranging from 40% to 50%
within 30 days and no or minimal trend improvements over more recent time epochs [9–11].
The mortality rate for ICH patients associated with antiplatelet drugs is even higher,
reaching up to 60% during contemporary times [12]. ICH patients have poor prognoses and
few effective treatments, but numerous models exist to predict mortality and functional
outcomes after ICH. The ICH score is the most commonly used prognostic scale, combining
demographic and clinical information. It reports that several components, including age
>80 years, ICH volume greater than 30 mm3, infratentorial origin of hematoma, presence of
intraventricular hemorrhage and Glasgow Coma Scale score, were associated with 30-day
mortality after ICH [13]. Additionally, the use of antithrombotic drugs also contributed to
unfavorable outcomes among patients with ICH.

There is still a lack of effective therapies to improve the prognosis of ICH patients.
Hence, prevention is undoubtedly the best approach. Therefore, physicians and patients
need to acquire more accurate information regarding clinical characteristics of ICH after PCI
during hospitalization and its severity and outcomes, consequently, assisting to establish
doctor–patient shared decision making. Previous large-scale studies (e.g., from the Bleeding
complications in a Multicenter registry of Acute Coronary Syndrome (BleeMACS) project)
have studied the incidence, predictors, and prognostic impact of intracranial bleeding
within the first year after an acute coronary syndrome in patients treated with PCI [14].

Nevertheless, there is a paucity of information existing on the clinical characteristics of
in-hospital ICH after PCI, the timing of ICH related to the procedure, and the subsequent
clinical outcomes. The objectives of this real-world, retrospective study, hence, were to
describe the incidence, clinical, and imaging characteristics and mortality of peri-procedural
ICH patients from a large single center cohort.

2. Materials and Methods
2.1. Study Design and Population

A total of 121,066 patients aged ≥18 years who presented with stable angina, unstable
angina, or acute myocardial infarction receiving PCI treatment between January 2013 and
December 2022 at the Fu Wai Hospital were retrospectively screened. All information for
patients who underwent PCI for coronary artery disease was prospectively recorded in
a dedicated database in Fu Wai Hospital. The recorded information included baseline
demographics, diagnoses, cardiovascular risk factors, angiographic and PCI procedural
details, medication usage (prior-, during-, or post-procedure), hospitalization course, as
well as laboratory examinations. Inclusive criteria were cranial computed tomography
(CT)-confirmed symptomatic ICH patients who had undergone PCI for the treatment of
coronary artery disease. For patients with traumatic intracranial hemorrhage, patients
with incomplete major data, or those who only had coronary angiography (without PCI
treatment) were excluded from this study. For patients receiving PCI treatment more than
one time within the same year of the index day, only one procedure was counted.
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2.2. Definitions of Diseases

ICH refers to any bleeding within the intracranial vault, including the brain parenchyma
and surrounding meningeal spaces. Symptomatic ICH was defined as clinical suspicion of
hemorrhage and/or new focal neurologic signs. Cranial CT scans were used to confirm the
diagnosis of ICH. Routine brain CT screening was not performed after PCI. Additionally, the
onset time was defined as the first occurrence of abnormal symptoms that were observed
by the medical team after PCI and while hospitalized in the cardiology department. ICH
location and volume were adjudicated by both radiologists and neurologists. Subarachnoid
hemorrhage (SAH) and intraventricular hemorrhage (IVH) were not counted when calculat-
ing the ICH volume, which consisted of the volume of intracerebral hemorrhage. The ICH
volume was calculated on the brain non-contrast CT scan according to the ABC/2 method,
in which A represented the greatest diameter on the largest hemorrhage slice, B represented
the diameter at a 90◦ angle to A, and C represented the approximate number of 10 mm
slices on which the hematoma was measured [15]. Consequently, ICH was classified into
two categories as small (<30 cm3) or large (≥30 cm3), as described in previous studies [13].
Renal insufficiency was defined as a creatinine clearance of <60 mL/min, as was estimated
by the Cockcroft–Gault equation.

2.3. Clinical Outcomes

The study outcome was all-cause death measurements recorded at 90 days of index
ICH. All-cause death was considered as cerebrovascular death and cardiovascular death
unless a non-cerebrovascular death or non-cardiovascular death could be definitively
identified. The start of follow-up for ICH patients was defined as the date of ICH of the
case. Clinical outcome information was obtained by telephone contacts at 90 days. All
eligible patients provided electronic informed consent by telephone interview follow up.

2.4. Statistical Analysis

Continuous variables were presented as mean ± standard deviation or median
(25th–75th percentiles). Categorical variables were presented as observed frequencies
and proportions (%). Furthermore, differences between groups were assessed by chi-square
(or Fisher’s exact test when the expected cell value was <5) for categorical variables. Contin-
uous data were compared by the Student t-test or the Mann–Whitney U test, as determined
by the distribution of analyzed variables. A two-sided p value of <0.05 was considered
statistically significant. Statistical analysis was performed using SPSS 25.0 (IBM, Armonk,
NY, USA).

3. Results
3.1. General Characteristics

A total of 18 patients (0.015%) suffered ICH following PCI. Clinical and procedural de-
mographics are presented in Table 1. The mean age of the patients was 64.56 ± 11.82 years
and 72.2% were men. In addition, twelve patients (66.7%) had hypertension, two of whom
had poorly controlled blood pressure (systolic blood pressure ≥140 mmHg and/or diastolic
blood pressure ≥90 mmHg). Regarding other cardiovascular risk factors, 22.2% of the
patients had diabetes mellitus and 88.9% had dyslipidemia.

Other comorbid conditions included prior ischemia stroke or TIA in 2 patients (11.1%),
renal insufficiency in 2 patients (11.1%), and anemia in 3 patients (16.7%). A total of four
patients (22.2%) were diagnosed with myocardial infarction. In relation to procedure
information, 14 patients (77.8%) underwent elective PCI and 15 patients (83.3%) had stents
implanted.

Of all the patients with an indication to receive dual antiplatelet therapy (DAPT) at
baseline (prior to ICH onset), most (72.2%) received DAPT with aspirin plus Clopidogrel.
Overall, 16 patients (88.9%) received unfractionated heparin during PCI and the remaining
2 patients (11.1%) received bivalirudin.



Diagnostics 2023, 13, 2422 4 of 10

Table 1. Baseline and procedural characteristics of patients with ICH.

Variables Overall
(n = 18)

Death Group
(n = 13)

Survival Group
(n = 5)

p
Value

Demographics
Age, years 64.56 ± 11.82 64.15 ± 11.68 65.60 ± 12.60 0.976
Male 13 (72.2) 9 ((69.2) 4 (80.0) 1
BMI, kg/m2 25.83 ± 4.39 25.95 ± 5.09 25.54 ± 2.04 1

Medical history
Current smoking 6 (33.3) 4 (30.8) 2 (40.0) 1
Hypertension 12 (66.7) 9 (69.2) 3 (60.0) 1
Diabetes mellitus 4 (22.2) 3 (23.1) 1 (20.0) 1
Dyslipidemia 16 (88.9) 11 (84.6) 5 (100) 1
Anemia 3 (16.7) 3 (23.1) 0 (0) 0.522
Renal insufficiency 2 (11.1) 1 (7.7) 1 (20.0) 0.490
Peripheral vascular disease 3 (16.7) 3 (23.1) 0 (0) 0.522
Prior ischemia stroke/TIA 2 (11.1) 2 (15.4) 0 (0) 1
Prior MI 2 (11.1) 2 (15.4) 0 (0) 1
Prior PCI 5 (27.8) 4 (30.8) 1 (20.0) 1

Diagnosis 0.636
Stable angina 5 (27.8) 4 (30.8) 1 (20.0)
Unstable angina 9 (50.0) 7 (53.8) 2 (40.0)
MI 4 (22.2) 2 (15.4) 2 (40.0)

Procedural characteristics
Duration of procedure, mins 81.33 ± 40.40
Selective 14 (77.8) 11 (84.6) 3 (60.0) 0.533
Emergency 4 (22.2) 2 (15.4) 2 (40.0) 0.533
Stent implantation 15 (83.3) 12 (92.3) 3 (60.0) 0.172

Antithrombotic therapy
Pre-procedure 1

Aspirin plus clopidogrel 13 (72.2) 9 (69.2) 4 (80.0)
Aspirin plus ticagrelor 5 (27.8) 4 (30.8) 1 (20.0)

During procedure 1
Unfractionated heparin 16 (88.9) 11 (84.6) 5 (100)
Bivalirudin 2 (11.1) 2 (15.4) 0 (0)

Post-procedure 0.132
Tirofiban 1 (5.6) 0 (0) 1 (20.0)
LMWH 10 (55.6) 6 (46.2) 4 (80.0)
Fondaparinux 2 (11.1) 2 (15.4) 0 (0)

Duration of hospitalization, days 4.74 ± 2.71 5.08 ± 3.28 4.80 ± 0.84 0.782
Data are shown as mean ± standard deviation or as n (percentage). ICH = intracranial hemorrhage;
BMI = body mass index; TIA = transient ischemia attack; MI = myocardial infarction; PCI = percutaneous coronary
intervention; LMWH = low-molecular-weight heparin.

3.2. Imaging Characteristics

During hospitalization, the median time to ICH was 7 h (interquartile range, 2–52 h)
after PCI. Of note, more than half (n = 10, 55.6%) of the cases occurred within the first 12 h
after PCI and more than one-third (n = 7, 38.9%) occurred within 3 h of PCI, as shown in
Figure 1. The clinical and imaging characteristics of 18 patients with ICH are represented
in Table 2. The most common initial manifestation of ICH patients was disturbance of
consciousness (n = 9, 50.0%), followed by headaches (n = 6, 33.3%), and focal neurological
signs (n = 5, 27.8%).

All 18 patients received brain CT scans. The median time from the onset of symptoms
to the first CT scan was 44 min (interquartile range, 33–103 min). The representative
CT images from three patients are shown in Figure 2. The lobe, cerebellum, and deep
basal ganglia and thalamus were affected in 12 patients (66.7%), 4 patients (22.2%), and
2 patients (11.1%), respectively. Among them, four patients (22.2%) combined with SAH
and two patients (11.1%) combined with IVH (Table 3). The mean ICH volume was
65.83 ± 53.34 cm3, and 13 patients (72.2%) had hematoma volume ≥30 cm3.
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Figure 1. Timing of ICH in hospitalization after PCI. ICH = intracranial hemorrhage; PCI = percuta-
neous coronary intervention.

Table 2. ICH-related characteristics (n = 18).

Variables Overall
(n = 18)

Death Group
(n = 13)

Survival
Group
(n = 5)

p Value

Clinical characteristic
Initial symptoms

Focal neurological signs 5 (27.8) 4 (30.8) 1 (20.0) 1
Disturbance of consciousness 8 (44.4) 8 (61.5) 0 (0) 0.036

Time to symptoms after procedure
Median time, hours 7 (2–54) 3 (1.5–36) 48 (75–84) 0.099
Within 12 h 10 (55.6) 9 (69.2) 1 (20.0) 0.118
More than 12 h 8 (44.4) 4 (30.8) 4 (80.0) 0.118

Neuroradiologic data
Location 1 0.109

Lobar 12 (66.7) 10 (76.9) 2 (40.0)
Cerebellar 4 (22.2) 1 (7.7) 3 (60.0)
Deep (basal ganglia and thalamus) 2 (11.1) 2 (15.4) 0 (0)

Location 2 0.044
Infratentorial 4 (22.2) 1 (7.7) 3 (60.0)
Supratentorial 14 (77.8) 12 (92.3) 2 (40.0)

Combined with SAH 4 (22.2) 4 (30.8) 0 (0) 0.278
ICH volume, cm3 65.83 ± 53.34 84.17 ± 50.74 18.14 ± 20.85 0.001

Small (<30 cm3) 5 (27.8) 1 (7.7) 4 (80.0) 0.008
Large (≥30 cm3) 13 (72.2) 12 (92.3) 1 (20.0) 0.008

Brain herniation 4 (22.2) 4 (30.8) 0 (0) 0.278
Intraventricular hemorrhage 2 (11.1) 2 (15.4) 0 (0) 1
Midline shift ≥ 10 mm 6 (33.3) 6 (46.2) 0 (0) 0.114
Treatment

Conservative medicine 17 (94.4) 13 (100) 4 (0) 0.278
Minimally invasive surgery 1 (5.6) 0 (0) 1 (20.0) 0.278

Data are shown as mean ± standard deviation, n (percentage), or median (IQR). SAH = subarachnoid hemorrhage;
other abbreviations as defined in Table 1.
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Figure 2. Representative computed tomography images of patients with intracranial hemorrhage.
The representative patient (No. 9) had disturbance of consciousness at 72 h after percutaneous
coronary intervention (PCI), with bleeding in the frontal, parietal, and temporal lobes (A). Patient
(No. 3) had focal neurological dysfunction at 2 h after PCI, with bleeding in the basal ganglia and
thalamus (B). Patient (No. 8) had headache and vomiting at 72 h after PCI, and bleeding site was in
the left cerebellar hemisphere (C).

Table 3. Detailed information of the 18 post-PCI patients who suffered ICH.

No. Age Gender
Dual Antiplatelet

Therapy, Aspirin Plus
During Procedural
Anti-Coagulants

Time since
PCI, Hours

Onset
Symptoms

CT Manifestations 90-Day
Clinical

OutcomesBleeding Site Volume,
cm3

1 71 F clopidogrel UFH 192 DC, FNS FL 61 Died
2 75 F ticagrelor UFH 3 HA, V FL, PL 42 Died
3 52 M clopidogrel UFH 2 FNS BG, TH, EC, IVH 58 Died
4 60 M ticagrelor UFH 1 V, FNS TL, BG, 38 Died
5 64 M clopidogrel UFH 1 HA, DC PL, OL, SS 120 Died
6 44 M ticagrelor UFH 48 FNS, V FL 113 Died
7 82 F clopidogrel bivalirudin 2 HA, DC TH, BG, CH 91 Died
8 68 M clopidogrel UFH 72 HA, V CE 10 Survived
9 73 M ticagrelor UFH 72 HA, V FL, PL, OL 54 Survived

10 67 F clopidogrel UFH 3 HA, V CE 11 Survived
11 65 M clopidogrel UFH 96 FNS FL, PL 2 Survived
12 45 M clopidogrel UFH 48 HA CE 12 Died
13 65 F clopidogrel UFH 24 DC FL, SS 70 Died
14 44 M ticagrelor UFH 2 DC FL, TL, SS, CH 92 Died
15 78 M clopidogrel UFH 12 V CE, CH 9 Survived
16 67 M ticagrelor UFH 8 DC PL, TL, OL 94 Died
17 77 M clopidogrel bivalirudin 6 DC FL, SS, EC, IVH 217 Died
18 63 M clopidogrel UFH 6 DC TL, CH 82 Died

F = female; M = male; UFH = unfractionated heparin; HA = headache; V = vomiting; DC = disturbance of conscious-
ness; FNS = focal neurological signs; FL = frontal lobe; PL = parietal lobe; TL = temporal lobe; OL = occipital lobe;
BG = basal ganglia; TH = thalamus; CE = cerebellum; SS = subarachnoid space; EC = encephalocele; CH = cerebral
hernia; other abbreviations as defined in Table 1.

3.3. Clinical Outcomes

A total of 18 patients (100%) completed 90-day clinical follow up. The 90-days mor-
tality rate was 72.2% for a median of 2.5 days (interquartile range, 1–80 days), with most
deaths occurring within 3 days (n = 10, 76.9%). The 90-day mortality rate for ICH occurring
within 12 h after PCI was 90%. Moreover, the 90-day mortality rate was 92.3% for patients
with an ICH volume of more than 30 cm3. Furthermore, the 90-day mortality was 100%
for patients with disturbance of consciousness as the initial symptom. According to the
outcome, the proportion of patients with disturbance of consciousness (p = 0.036), ICH vol-
ume >30 mm3 (p = 0.001), and infratentorial origin of the ICH (p = 0.044) were significantly
higher in the death group than in the survival group (Table 2).

4. Discussion

ICH is a rare but lethal complication in patients who received PCI. In this retrospective
study from a large Chinese cohort, we found that (1) ICH most commonly occurred
within 12 h of PCI, which acts as the first reported finding in the literature using 12 h as
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a procedural-related time point; (2) the cerebral lobe was the most frequent bleeding site,
which is quite different from hypertensive intracerebral hemorrhage; (3) current analysis
suggested that coronary artery disease patients accompanied with hypertension are prone
to ICH even in the patients with well-controlled status; (4) the 90-day mortality was
extremely high (72.2%). These findings may provide additional information regarding ICH
after PCI.

Our study derived data from the national center for cardiovascular diseases with
the largest number of PCI procedures over the past 10 years in China. The incidence of
ICH in patients after PCI during hospitalization was 0.015%, which was slightly lower
than in previous studies. Myint et al. analyzed 560,439 patients undergoing PCI between
2007 and 2012 in the British Cardiovascular Intervention Society (BCIS) database and
found that the incidence of intracerebral hemorrhage after PCI during hospitalization was
0.02% [16]. However, few studies have been published on ICH after PCI and, if any occur,
they are usually conducted during follow-up after discharge; whereas, rare studies have
been conducted on ICH patients during hospitalization. The investigators of BleeMACS
reported an ICH rate of 0.27% in the first year post discharge [14]. A recent study with
a long-term follow-up period analyzed data from the Korean National Health Insurance
Service database showed an incidence rate of ICH after PCI of 3.32 cases per 1000 person-
years during a median follow-up of 5.6 years [10]. Therefore, the incidence of ICH after
PCI is low, and the aforementioned studies are limited by the small number of ICH cases,
making it difficult to develop pertinent clinical practice studies.

Our data indicated that a 72.2% rate of ICH was observed in patients within 12 h of PCI,
with more than half of ICH occurring within 48 h. Accordingly, ICH most probably occurred
instantly after the PCI, and the 12 h incidence rate of ICH overweighs the incidence rate of
other in-hospital post-PCI periods. For instance, in a study of 5372 patients undergoing PCI
for STEMI, Jeffrey et al. showed that all hemorrhagic strokes (eight cases) occurred within
48 h after PCI, suggesting that the risk of early ICH after PCI is higher [17]. This observation
suggested that dual antiplatelet exposure and periprocedural anticoagulation therapies
make at-risk patients more susceptible to ICH. In the meta-analysis with data from four
antithrombotic therapy trials, a large number of antithrombotic agents were independent
predictors of ICH (HR per each additional agent, 2.06; 95% CI, 1.49 to 2.84) [3]. As a matter
of fact, it is critical to be aware of the life-threatening complications of ICH in the early
stages during the period of PCI, particularly in patients at high risk of bleeding. Specifically,
perioperative antithrombotic strategies, including antiplatelet agents and anticoagulation
selection, dosage, timing, and duration, shall be properly and thoroughly evaluated.

Hypertension was the strongest attribute risk factor for spontaneous intracerebral
hemorrhage in most population-based studies [18]. It could cause deep perforating vas-
culopathy or arteriolosclerosis; therefore, the hemorrhage site is often located in the basal
ganglia and thalamus [12]. In contrast to this, our analysis demonstrated that the most
common location of ICH following PCI were cerebral lobes, followed by the cerebellum.
Only two patients had bleeding sites in the basal ganglia and thalamus. Notably, one-third
of all patients with ICH in our study did not suffer from hypertension, and 83% (10/12) of
those with hypertension had well-controlled blood pressure, which suggested that patients
with coronary artery disease accompanied by hypertension were vulnerable to ICH even in
the long-term well-controlled blood pressure group. The reason for this observation might
relate to periprocedural antiplatelet and anticoagulant therapy. Nevertheless, our current
study did not reveal a significant correlation between the hematoma location and clinical
outcomes. In the contemporary era of PCI, further study is needed to explore the impact of
bleeding sites on the outcome of ICH related to catheter intervention.

The mortality rate for ICH patients was as high as 72.2%. In previous studies, the
mortality rate for spontaneous ICH has been estimated to be between 30% and 40% and
has remained stable over the past 20 years [19–21]. In the study analyzing ICH patients
(107 cases) after PCI in England and Wales, the 30-day mortality was 48% [22]. Our study
showed that approximately three-fourths of the patients died within 90 days after the ICH



Diagnostics 2023, 13, 2422 8 of 10

events, which is higher than in prior studies. It is also worth pointing out that patients
with ICH onset within 12 h after PCI had a 90-day mortality rate of 90%. In addition, an
exploratory analysis of the TICH-2 (Tranexamic Acid in Intracerebral Hemorrhage-2) trial
demonstrated that pre-ICH antiplatelet therapy was associated with hematoma expansion
and unfavorable outcomes at 90 days [23]. Hematoma expansion occurs early after ICH
and is an independent determinant of mortality [24]. In another study, among those who
underwent the initial CT scan within 3 h of ICH onset, hematoma expansion after 24 h
of ICH onset was extremely rare [25], which might be the reason for the high mortality
rate in the early stage of ICH onset. However, in our study, due to the rapid progression
of the disease and the quick reduction in the level of consciousness, it was not feasible
to perform follow-up CT scans. Given the poor prognosis, high mortality, and expensive
healthcare costs of patients with ICH, it is crucial to provide more outcome information.
This benefits in determining treatment strategies and clinical decision making. Our work
provides insights into the outcomes associated with this rare but devastating complication
of PCI to neurological physicians who may not frequently encounter such patients, i.e.,
patients frequently treated with potent antiplatelet and anticoagulant therapies, which are
necessitated during the PCI procedure.

Our study has several limitations. Firstly, these analyses were derived from a ret-
rospective study and, therefore, are subject to the inherent limitations of observational
databases. Secondly, out-of-hospital and asymptomatic ICH were not included in our study.
Thirdly, a small sample size and single center study is another limitation. Finally, our
work did not explore the etiology of ICH patients, such as arteriovenous malformations,
aneurysms, cerebral amyloid angiopathy (CAA), etc. Because of the high fatality rate and
rapid progression of this illness, only initial brain CT scanning was carried out and no
further imaging examinations, including digital subtraction (DSA) and magnetic resonance
imaging (MRA), were performed since it is difficult to pinpoint the cause of ICH. Finally,
we did not have accurate figures on the total number of patients who underwent cranial
CT scans after PCI.

5. Conclusions

Our study may address an unmet need by providing real-world evidence for the
incidence, clinical characteristics, and mortality of ICH in patients undergoing PCI during
hospitalization. Peri-procedural ICH events rarely occurred in patients with coronary
artery disease receiving PCI. However, post-PCI patients accompanied by peri-procedural
ICH events were associated with significantly higher short-term mortality risk.

Author Contributions: Conceptualization, C.Y., Y.-G.S., J.-J.L. and J.Q.; methodology, C.Y., Y.-G.S.,
Y.-J.W., J.-J.L. and J.Q.; formal analysis, C.Y. and Y.-G.S.; investigation, C.Y., Y.-G.S. and J.Q.; resources,
C.Y., Y.-G.S., B.-C.W., Y.-L.X., N.-Q.W., Y.-J.W., J.-J.L. and J.Q.; data curation, C.Y., Y.-G.S., J.-J.L.
and J.Q.; writing—original draft preparation, C.Y. and Y.-G.S.; writing—review and editing, C.Y.,
Y.-G.S., B.-C.W., Y.-L.X., N.-Q.W., Y.-J.W., J.-J.L. and J.Q.; visualization, C.Y., Y.-G.S., J.-J.L. and J.Q.;
supervision, J.-J.L. and J.Q.; project administration, C.Y., Y.-G.S., Y.-J.W., J.-J.L. and J.Q. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was supported by the National Key R&D Program of China (grant no.
2016YFC1100300) and CAMS Innovation Fund for Medical Sciences (CIFMS) (2022-12M-C&T-B-043).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data shown in this study are available on request from the corre-
sponding author.

Conflicts of Interest: The authors declare no conflict of interest.



Diagnostics 2023, 13, 2422 9 of 10

References
1. Capodanno, D.; Bhatt, D.L.; Eikelboom, J.W.; Fox, K.A.A.; Geisler, T.; Michael Gibson, C.; Gonzalez-Juanatey, J.R.; James, S.;

Lopes, R.D.; Mehran, R.; et al. Dual-pathway inhibition for secondary and tertiary antithrombotic prevention in cardiovascular
disease. Nat. Rev. Cardiol. 2020, 17, 242–257. [CrossRef]

2. Valgimigli, M.; Costa, F.; Lokhnygina, Y.; Clare, R.M.; Wallentin, L.; Moliterno, D.J.; Armstrong, P.W.; White, H.D.; Held, C.;
Aylward, P.E.; et al. Trade-off of myocardial infarction vs. bleeding types on mortality after acute coronary syndrome: Lessons
from the Thrombin Receptor Antagonist for Clinical Event Reduction in Acute Coronary Syndrome (TRACER) randomized trial.
Eur. Heart J. 2017, 38, 804–810. [CrossRef]

3. Mahaffey, K.W.; Hager, R.; Wojdyla, D.; White, H.D.; Armstrong, P.W.; Alexander, J.H.; Tricoci, P.; Lopes, R.D.; Ohman, E.M.;
Roe, M.T.; et al. Meta-analysis of intracranial hemorrhage in acute coronary syndromes: Incidence, predictors, and clinical
outcomes. J. Am. Heart Assoc. 2015, 4, e001512. [CrossRef]

4. Virani, S.S.; Alonso, A.; Benjamin, E.J.; Bittencourt, M.S.; Callaway, C.W.; Carson, A.P.; Chamberlain, A.M.; Chang, A.R.; Cheng, S.;
Delling, F.N.; et al. Heart Disease and Stroke Statistics-2020 Update: A Report From the American Heart Association. Circulation
2020, 141, e139–e596. [CrossRef]

5. Tsao, C.W.; Aday, A.W.; Almarzooq, Z.I.; Alonso, A.; Beaton, A.Z.; Bittencourt, M.S.; Boehme, A.K.; Buxton, A.E.; Carson, A.P.;
Commodore-Mensah, Y.; et al. Heart Disease and Stroke Statistics-2022 Update: A Report From the American Heart Association.
Circulation 2022, 145, e153–e639. [CrossRef]

6. Yusuf, S.; Zhao, F.; Mehta, S.R.; Chrolavicius, S.; Tognoni, G.; Fox, K.K. Effects of clopidogrel in addition to aspirin in patients
with acute coronary syndromes without ST-segment elevation. N. Engl. J. Med. 2001, 345, 494–502.

7. Wiviott, S.D.; Braunwald, E.; McCabe, C.H.; Montalescot, G.; Ruzyllo, W.; Gottlieb, S.; Neumann, F.-J.; Ardissino, D.; De Servi, S.;
Murphy, S.A.; et al. Prasugrel versus clopidogrel in patients with acute coronary syndromes. N. Engl. J. Med. 2007, 357, 2001–2015.
[CrossRef]

8. Wallentin, L.; Becker, R.C.; Budaj, A.; Cannon, C.P.; Emanuelsson, H.; Held, C.; Horrow, J.; Husted, S.; James, S.; Katus, H.; et al.
Ticagrelor versus clopidogrel in patients with acute coronary syndromes. N. Engl. J. Med. 2009, 361, 1045–1057. [CrossRef]

9. Werner, N.; Bauer, T.; Hochadel, M.; Zahn, R.; Weidinger, F.; Marco, J.; Hamm, C.; Gitt, A.K.; Zeymer, U. Incidence and clinical
impact of stroke complicating percutaneous coronary intervention: Results of the Euro heart survey percutaneous coronary
interventions registry. Circ. Cardiovasc. Interv. 2013, 6, 362–369. [CrossRef]

10. Lee, P.H.; Park, S.; Nam, H.; Kang, D.Y.; Kang, S.J.; Lee, S.W.; Kim, Y.H.; Park, S.W.; Lee, C.W. Intracranial Bleeding After
Percutaneous Coronary Intervention: Time-Dependent Incidence, Predictors, and Impact on Mortality. J. Am. Heart Assoc. 2021,
10, e019637. [CrossRef]

11. Van Asch, C.J.; Luitse, M.J.; Rinkel, G.J.; van der Tweel, I.; Algra, A.; Klijn, C.J. Incidence, case fatality, and functional outcome of
intracerebral haemorrhage over time, according to age, sex, and ethnic origin: A systematic review and meta-analysis. Lancet
Neurol. 2010, 9, 167–176. [CrossRef]

12. Cordonnier, C.; Demchuk, A.; Ziai, W.; Anderson, C.S. Intracerebral haemorrhage: Current approaches to acute management.
Lancet 2018, 392, 1257–1268. [CrossRef] [PubMed]

13. Hemphill, J.C., 3rd; Bonovich, D.C.; Besmertis, L.; Manley, G.T.; Johnston, S.C. The ICH score: A simple, reliable grading scale for
intracerebral hemorrhage. Stroke 2001, 32, 891–897. [CrossRef]

14. Raposeiras-Roubín, S.; Abu-Assi, E.; Caneiro Queija, B.; Cobas Paz, R.; D’Ascenzo, F.; Henriques, J.P.S.; Saucedo, J.; González-
Juanatey, J.; Wilton, S.B.; Kikkert, W.J.; et al. Incidence, predictors and prognostic impact of intracranial bleeding within the first
year after an acute coronary syndrome in patients treated with percutaneous coronary intervention. Eur. Heart J. Acute Cardiovasc.
Care 2020, 9, 764–770. [CrossRef]

15. Broderick, J.P.; Brott, T.G.; Duldner, J.E.; Tomsick, T.; Huster, G. Volume of intracerebral hemorrhage. A powerful and easy-to-use
predictor of 30-day mortality. Stroke 1993, 24, 987–993. [CrossRef]

16. Myint, P.K.; Kwok, C.S.; Roffe, C.; Kontopantelis, E.; Zaman, A.; Berry, C.; Ludman, P.F.; de Belder, M.A.; Mamas, M.A.; British
Cardiovascular Intervention Society and the National Institute for Cardiovascular Outcomes Research. Determinants and
Outcomes of Stroke Following Percutaneous Coronary Intervention by Indication. Stroke 2016, 47, 1500–1507. [CrossRef]

17. Guptill, J.T.; Mehta, R.H.; Armstrong, P.W.; Horton, J.; Laskowitz, D.; James, S.; Granger, C.B.; Lopes, R.D. Stroke after primary
percutaneous coronary intervention in patients with ST-segment elevation myocardial infarction: Timing, characteristics, and
clinical outcomes. Circ. Cardiovasc. Interv. 2013, 6, 176–183. [CrossRef] [PubMed]

18. O’Donnell, M.J.; Xavier, D.; Liu, L.; Zhang, H.; Chin, S.L.; Rao-Melacini, P.; Rangarajan, S.; Islam, S.; Pais, P.; McQueen, M.J.; et al.
Risk factors for ischaemic and intracerebral haemorrhagic stroke in 22 countries (the INTERSTROKE study): A case-control study.
Lancet 2010, 376, 112–123. [CrossRef]

19. Greenberg, S.M.; Ziai, W.C.; Cordonnier, C.; Dowlatshahi, D.; Francis, B.; Goldstein, J.N.; Hemphill, J.C., 3rd; Johnson, R.;
Keigher, K.M.; Mack, W.J.; et al. 2022 Guideline for the Management of Patients with Spontaneous Intracerebral Hemorrhage: A
Guideline From the American Heart Association/American Stroke Association. Stroke 2022, 53, e282–e361. [CrossRef]

20. Jolink, W.M.T.; Klijn, C.J.M.; Brouwers, P.J.A.M.; Kappelle, L.J.; Vaartjes, I. Time trends in incidence, case fatality, and mortality of
intracerebral hemorrhage. Neurology 2015, 85, 1318–1324. [CrossRef]

https://doi.org/10.1038/s41569-019-0314-y
https://doi.org/10.1093/eurheartj/ehw525
https://doi.org/10.1161/JAHA.114.001512
https://doi.org/10.1161/CIR.0000000000000757
https://doi.org/10.1161/CIR.0000000000001052
https://doi.org/10.1056/NEJMoa0706482
https://doi.org/10.1056/NEJMoa0904327
https://doi.org/10.1161/CIRCINTERVENTIONS.112.000170
https://doi.org/10.1161/JAHA.120.019637
https://doi.org/10.1016/S1474-4422(09)70340-0
https://doi.org/10.1016/S0140-6736(18)31878-6
https://www.ncbi.nlm.nih.gov/pubmed/30319113
https://doi.org/10.1161/01.STR.32.4.891
https://doi.org/10.1177/2048872619827471
https://doi.org/10.1161/01.STR.24.7.987
https://doi.org/10.1161/STROKEAHA.116.012700
https://doi.org/10.1161/CIRCINTERVENTIONS.112.000159
https://www.ncbi.nlm.nih.gov/pubmed/23549644
https://doi.org/10.1016/S0140-6736(10)60834-3
https://doi.org/10.1161/STR.0000000000000407
https://doi.org/10.1212/WNL.0000000000002015


Diagnostics 2023, 13, 2422 10 of 10

21. Zahuranec, D.B.; Lisabeth, L.D.; Sánchez, B.N.; Smith, M.A.; Brown, D.L.; Garcia, N.M.; Skolarus, L.E.; Meurer, W.J.; Burke, J.F.;
Adelman, E.E.; et al. Intracerebral hemorrhage mortality is not changing despite declining incidence. Neurology 2014, 82,
2180–2186. [CrossRef]

22. Kwok, C.S.; Kontopantelis, E.; Myint, P.K.; Zaman, A.; Berry, C.; Keavney, B.; Nolan, J.; Ludman, P.F.; de Belder, M.A.;
Buchan, I.; et al. Stroke following percutaneous coronary intervention: Type-specific incidence, outcomes and determinants seen
by the British Cardiovascular Intervention Society 2007–2012. Eur. Heart J. 2015, 36, 1618–1628. [CrossRef]

23. Law, Z.K.; Desborough, M.; Roberts, I.; Al-Shahi Salman, R.; England, T.J.; Werring, D.J.; Robinson, T.; Krishnan, K.; Dineen, R.;
Laska, A.C.; et al. Outcomes in Antiplatelet-Associated Intracerebral Hemorrhage in the TICH-2 Randomized Controlled Trial.
J. Am. Heart Assoc. 2021, 10, e019130. [CrossRef]

24. Davis, S.M.; Broderick, J.; Hennerici, M.; Brun, N.C.; Diringer, M.N.; Mayer, S.A.; Begtrup, K.; Steiner, T.; Recombinant Activated
Factor VII Intracerebral Hemorrhage Trial Investigators. Hematoma growth is a determinant of mortality and poor outcome after
intracerebral hemorrhage. Neurology 2006, 66, 1175–1181. [CrossRef]

25. Kazui, S.; Naritomi, H.; Yamamoto, H.; Sawada, T.; Yamaguchi, T. Enlargement of spontaneous intracerebral hemorrhage.
Incidence and time course. Stroke 1996, 27, 1783–1787. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1212/WNL.0000000000000519
https://doi.org/10.1093/eurheartj/ehv113
https://doi.org/10.1161/JAHA.120.019130
https://doi.org/10.1212/01.wnl.0000208408.98482.99
https://doi.org/10.1161/01.STR.27.10.1783

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Definitions of Diseases 
	Clinical Outcomes 
	Statistical Analysis 

	Results 
	General Characteristics 
	Imaging Characteristics 
	Clinical Outcomes 

	Discussion 
	Conclusions 
	References

