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Background: Antithrombotic therapy is a cornerstone of acute myocardial infarction (AMI) treatment and 
is thought to be associated with an increased risk of chronic subdural hematoma (CSDH). However, no well-
established model exists to predict subsequent antithrombotic treatment outcomes after CSDH in patients 
with recent AMI. We aimed to identify a prognostic model to predict the 6-month outcome of treatment 
with antithrombotic therapy.
Methods: This multicenter retrospective analysis involved 553 patients with recent AMI with 
antithrombotic-related CSDH. Several candidate clinical variables and biomarkers were examined in the 
training cohort (Chengdu training cohort; n=368). Patients with unfavorable outcomes had experienced 
at least 1 of the following: major adverse cardiovascular events (MACE), recurrence, or a modified Rankin 
scale (mRS) score of 2 to 6. To develop a 6-month outcome prediction model, three approaches were used: 
(I) a demographic variable model, (II) a clinical marker model and (III) a decision-driven model. A clinical 
outcome prediction model based on the superior predictors was assessed by logistic regression analysis. The 
nomogram for the final model was internally validated using a bootstrap procedure and externally validated 
in an independent cohort (Anhui cohort; n=185).
Results: Model A produced 7 predictors of unfavorable outcomes, while models B and C yielded 2 and 1 
predictors, respectively. The areas under the curve (AUC) increased from 0.743 [model A; 95% confidence 
interval (CI): 0.680–0.782] to 0.889 (model A + B + C; 95% CI: 0.851–0.916). The final prediction model 
included age, systolic blood pressure (SBP), body mass index (BMI), the Glasgow Coma Scale (GCS), the 
estimated glomerular filtration rate (eGFR), the early resumption of antithrombotic therapy, hematoma 
thickness and the presence of abdominal obesity, frailty and previous bleeding. Internal and external 
validation of the selected final model revealed adequate C-statistics and calibration slope values (internal 
validation: 0.81 and 0.78; external validation: 0.80 and 0.76, respectively).
Conclusions: This model provided a risk stratification tool to predict unfavorable outcomes in patients 
with recent AMI with antithrombotic-related CSDH. Because the study was based on ten readily practical 
and available variables, it may be widely applicable to guide management and complement clinical 
assessment.
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Introduction

Chronic subdural hematoma (CSDH) is an increasingly 
common clinical condition in the aging population that is 
often due to head trauma (1). With the high prevalence of 
acute myocardial infarction (AMI), the use of antithrombotic 
(antiplatelet or anticoagulant) agents has increased over 
the last decade (2). Interestingly, CSDH in patients taking 
antithrombotic drugs appears to be an epidemic with 
increased healthcare costs (3). Approximately 40% of 
patients who experience CSDH receive antithrombotic 
agents at presentation (4). Emerging evidence has shown 
an association between the widely used antithrombotic 
drugs and a high risk of CSDH (3,5). In such cases, close 
multidisciplinary teamwork is frequently confronted with 
the dilemma of comanaging CSDH and the ongoing 
requirement for antithrombotic agents. However, the 
clinical application of antithrombotic treatment in recent 
AMI patients with CSDH has been sparsely described, and 
a consensus identification method is not well clarified.

Although the patient prognosis of CSDH is highly 
variable, many factors have been proven to help risk 
stratification, including age, history of falls, female sex, 
minor head injury, epilepsy, hemodialysis, chronic alcohol 
use and low intracranial pressure states (6-8). Unfortunately, 
evidence linking these potential prognostic indexes to the 
occurrence of CSDH is limited to a few studies conducted 
among hospitalized patients with a history of previous 
trauma. Additionally, the predictive value of these indexes 
may differ from the possible strategy of antithrombotic 
treatment (3,5). Patients with CSDH have a higher risk of 
recurrent thrombotic events (9). Importantly, the probability 
of adverse outcomes, such as cognitive decline, delirium, 
and speech impairment, is enormously elevated because 
of the occurrence of CSDH rebleeding (1,3). For these 
CSDH patients on antithrombotic drugs, the lack of both 
finer selection criteria (optimal timing of recommencing 
antithrombotic drugs) other than the evaluated hematoma 
recurrence risk and thromboembolic events still affects the 
current treatment guidelines. These uncertainties make the 

best tailored strategy for antithrombotic agents in recent 
AMI patients with CSDH difficult. Accurate identification 
of the prognostic risk factors and outcome prediction would 
assist clinicians in counseling patients, tailoring therapy 
and stratifying patients for clinical trials. Several complex 
prognosis models are derived from different indexes (10-12), 
but the results are controversial and unsatisfactory.

Therefore, we explored and identified the prognostic 
indexes, and developed a clinically actionable model to predict 
subsequent outcomes in patients with recent AMI with 
antithrombotic-related CSDH. We present the following 
article in accordance with the TRIPOD reporting checklist 
(available at http://dx.doi.org/10.21037/cdt-20-763).

Methods

Study population

This retrospective study involved 553 patients with recent 
AMI with antithrombotic-related CSDH between April 
2010 and August 2019 at three Chinese hospitals. Among 
these patients, 368 from the First Affiliated Hospital of 
Chengdu Medical College and the General Hospital of 
Western Theater Command were assigned to the training 
cohort (Chengdu training cohort; n=368), and 185 from 
the Second Hospital of Anhui Medical University were 
separately used as an independent external validation cohort 
(Anhui external validation cohort; n=185). According to 
the rule of overfitting of the regression model (13), we 
needed 50–100 antithrombotic-related CSDH episodes 
to assess 10 potential prognostic indexes. Assuming that 
the prevalence of recurrence CSDH was approximately 
11.5–27% among patients with CSDH (14,15), a sufficient 
sample size was at least 270. To ensure an adequate number 
of events, we identified data from 368 individuals to develop 
the prognosis model. The inclusion criteria were as follows: 
age ≥18 years, receiving standardized antithrombotic agents 
for AMI (16), and successfully undergoing standardized 
treatment of CSDH (e.g., evacuation of the hematoma) (14). 
The exclusion criteria are shown in Figure 1. All the patients 
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provided informed consent. This study was approved by 
the research ethics board of the First Affiliated Hospital 
of Chengdu Medical College (No. CYYFYEC2010002), 
and was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013).

Variables

Detai led  c l in ica l  var iables ,  such as  the  base l ine 
demographics, laboratory values, and radiologic data were 
collected. Comorbidities were based on the conditions 
related to recent AMI with antithrombotic-related CSDH. 
The primary admission diagnoses of recent AMI with 
CSDH were defined by the International Classification of 
Diseases (ICD)-10 coding. Antithrombotic-related CSDH 
was defined as the first hospitalization that adopted long-
term antithrombotic treatment and required hospitalization, 
regardless of any minor trauma (3). Abdominal obesity was 
defined as at least 1 of the following: waist circumference 
≥102 cm or waist-to-hip (WHR) ≥0.90 for men and waist 

circumference ≥88 cm or WHR ≥0.85 for women (17). The 
Clinical Frailty Scale (CFS) was used to assess the patients’ 
frailty based on their status before admission, and frailty 
was defined by a CFS score of 5 to 9 (18). We evaluated 
the timing of the resumption of antithrombotic therapy, 
including early resumption (≤30 days) and late resumption 
(>30 days). Based on our collaborative multidisciplinary 
practice on the resumption of antithrombotics (Figure 2), 
postoperative patients were further classified as follows: 
(I) within the first 3 days, (II) between 4 and 14 days, (III) 
between 15 and 30 days, and (IV) more than 30 days. 

Outcome assessment

All the subjects had at least 6 months of scheduled follow-
up, which was generally determined by standardized 
telephone interviews, medical records or clinical visits. 
The primary outcome was a composite endpoint of 
either major adverse cardiovascular events (MACE), 
recurrence, or functional outcome such as the modified 

295 excluded 
•  Not recent AMI hospitalization 
•  Not underwent coronary stenting 
•  Not treated with standard antithrombotic therapy in the study period 
•  Chronic renal failure on hemodialysis 
•  Systemic inflammatory disease

104 excluded 
•  With secondary CSDH (e.g., subdural empyema, vascular 
malformations, and aneurysm)
•  High-velocity trauma or with bilateral hematoma 
•  No measurable CSDH 
•  Requiring a craniotomy 
•  Unknown follow up status

Variables were collected 
•  Baseline demographics (e.g., age, sex, GCS score, and use of 
anticoagulants and antiplatelet agents)
•  Laboratory values (e.g., hemoglobin count, platelet count, international 
normalized ratio, and activated partial thromboplastin time)
•  Radiologic data (e.g., side of hematoma, amount of midline shift, and 
hematoma thickness)

Favorable outcome 
(n=261)

Unfavorable outcome 
(n=107)

Final analysis The external validation cohort (n=185)

767 hospital records reviewed

472 admissions

368 eligible patients

Figure 1 Study flow diagram. AMI, acute myocardial infarction; CSDH, chronic subdural hematoma; GCS, Glasgow Coma Scale.
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Rankin scale (mRS). MACEs were defined as a composite 
of  cardiovascular  mortal i ty,  MI,  or  target  les ion 
revascularization (19). Recurrence was defined as any same-
sided recurrence of CSDH requiring reoperation within 
6 months (20). The favorable outcome score was 0 to 1, 
and the unfavorable outcome score was 2 to 6, based on 
a dichotomized mRS score to the date of death or the 
last follow-up (12). Patients were divided into 2 groups 
(favorable and unfavorable outcomes) based on composite 

endpoints, and patients with unfavorable outcomes were 
defined if they had experienced at least 1 of the following: 
MACE, recurrence, or a mRS score of 2 to 6.

Model development and validation

To develop a robust and valid prognosis prediction model, 
three approaches were performed: a demographic variable 
model (model A), a clinical marker model (model B) and 

Figure 2 Examples of the patient’s clinical course. Computed tomography (CT) sequence of the brain of a 76-year-old man with minor head 
injury 2 months after percutaneous coronary intervention. CT 1: chronic subdural hematoma (CSDH) (arrows) in the left frontotemporal 
occipital area 3 weeks after minor head injury. CT 2: subfrontal effusion and a gas shadow in the left frontal area, and no enlargement and 
resorption of the lesion (arrows) on day 3 after minimally invasive drainage for CSDH. CT 3: resorption of part of the lesion (arrows) on 
day 7 after minimally invasive drainage for CSDH. CT 4: follow-up head CT scanning 1 month later revealed the disappearance of the 
hematoma. Reversal of the antithrombotic treatment effect: platelet transfusion, fresh frozen plasma, clotting factors, or vitamin K.
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a decision-driven model (model C). Model A was built 
on demographics and medical comorbidities, model B 
was built on laboratory results and radiologic data, and 
Model C was built on collaborative multidisciplinary 
practice on the resumption of antithrombotic therapy. A 
nomogram represented the final model. To evaluate both 
the discrimination and calibration of the nomogram in the 
validation cohort, a nomogram score for each individual was 
calculated. 

Statistical analysis

Categorical variables were expressed as numbers and 
percentages using chi-square tests, and continuous variables 
were expressed as the mean ± SD using Student’s t-test. 
Univariate analyses were first used to determine possible 
predictors. Multiple logistic analysis with forward and 
stepwise selection procedures was then performed using 
significant factors from univariate analysis as inputs. The 
adjusted odds ratios (ORs) with 95% confidence intervals 
(CIs) were expressed as forest plots. To describe the 
discriminative performance, we used the receiver operating 
characteristic (ROC) curve with the corresponding 95% 
CI and computed areas under the curve (AUC). The 
Hosmer-Lemeshow test was used to assess the goodness-
of-fit of the calibration of the models. To correct the 
overestimation, internal validation was performed using a 
bootstrap procedure with 1,000 bootstrap resamples. All 
statistical analyses were performed using SAS (version 9.4) 
and R (version 3.2.4). A P value <0.05 denoted statistical 
significance.

Results

Patient characteristics 

The patient characteristics in the training cohort are 
provided in Table 1. Of the 368 included patients, 107 
(29.1%) patients had unfavorable outcomes. Compared with 
patients with a favorable outcome, those with an unfavorable 
outcome were significantly associated with the following 
parameters: older age, lower values of the median baseline 
Glasgow Coma Scale (GCS) and estimated glomerular 
filtration rate (eGFR), higher levels of systolic blood 
pressure (SBP) and hematoma thickness and the prevalence 
of abdominal obesity, as well as the presence of frailty and 
previous bleeding. In the favorable outcome group, most 
had adopted the early resumption of antithrombotics 4 to 

14 days postoperatively, whereas none adopted the early 
resumption of antithrombotics 0 to 3 days postoperatively. 
Antithrombotic treatments of post-cessation in the training 
cohort are presented in Table 2.

Predictors of outcomes

Significant possible predictors (Table 1) determined by 
univariate analyses were further assessed by multiple logistic 
regression analysis (Figure 3). Multivariate analysis showed 
that age, SBP, body mass index (BMI), the GCS score, 
eGFR, the early resumption of antithrombotic therapy, 
hematoma thickness and the presence of abdominal obesity, 
frailty and previous bleeding were associated with higher 
odds of unfavorable outcomes.

Prediction models

The demographic variables model (model A) indicated that 7 
candidate variables including age, SBP, BMI, the GCS score 
and the presence of abdominal obesity, frailty and previous 
bleeding were associated with unfavorable outcomes. The 
clinical marker model (model B) produced 2 variables, eGFR 
and hematoma thickness. The decision-driven model (model 
C) described the relationship between one variable based on 
early resumption and the risk of unfavorable outcomes. The 
discriminant abilities of model A, model A + B, and model A 
+ B + C were analyzed using ROC curves, which indicated 
that the increase in predictors was associated with enhancing 
the discriminant ability of the prediction model (Figure 4). 
Specifically, the AUC increased from 0.743 (model A; 95% 
CI: 0.680–0.782) to 0.889 (model A + B + C; 95% CI: 0.851–
0.916). As a further approximation, model A + B + C was 
the best prediction model using the final fitted multivariate 
model with 10 variables and is represented as a nomogram 
in Figure 5. The nomogram was well calibrated, as revealed 
by the calibration curves (Figure 6A), indicating that the final 
model had good performance and high applicability. With 
this final model, the C-statistic was 0.82 (95% CI: 0.77 to 
0.86), and the calibration slope was 0.92 (95% CI: 0.35 to 
1.42).

The associations between the final model with 10 
variables and the risk of unfavorable outcome in the 
external validation cohort are shown in Table 3. Internal 
validation via a 1,000-sample bootstrap of the final model 
revealed adequate C-statistics and calibration slope values 
(C-statistics: 0.81, 95% CI: 0.75 to 0.85; calibration slope: 
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Table 1 Baseline characteristics of patients in the training cohort

Variables Favorable (n=261) Unfavorable (n=107) P value

Age (years) 

<60 144 (55.2) 21 (19.6) <0.001

60–75 65 (24.9) 35 (32.7) 0.155

>75 52 (19.9) 51 (47.7) <0.001

Female 97 (37.2) 64 (59.8) <0.001

Manual worker 219 (83.9) 93 (86.9) 0.525

Current smoker 73 (28.0) 28 (26.2) 0.797

Alcohol drinker 109 (41.8) 56 (52.3) 0.066

Systolic BP ≥160 (mmHg) 145 (55.6) 84 (78.5) <0.001

Diastolic BP ≥100 (mmHg) 138 (52.9) 59 (55.1) 0.731

Heart rate (b.p.m.) 75.97±8.95 77.23±9.94 0.044

Body mass index (kg/m2) 22.90±5.51 25.11±8.42 0.010

Body mass index <18.5 (kg/m2) 55 (21.1) 36 (33.6) 0.016

Abdominal obesity 57 (21.8) 46 (43.0) <0.001

Baseline GCS score 12.45±2.41 8.48±3.14 0.012

Charlson comorbidity index >1 123 (47.1) 60 (56.1) 0.136

Medical history

Hypertension 135 (51.7) 60 (56.1) 0.491

Diabetes mellitus 81 (31.0) 40 (37.4) 0.272

Frailty 65 (24.9) 48 (44.9) <0.001

Previous bleeding 36 (13.8) 34 (31.8) <0.001

Stroke 23 (8.8) 14 (13.1) 0.252

Atrial fibrillation 60 (23.0) 38 (35.5) 0.019

Peripheral arterial disease 44 (16.9) 25 (23.4) 0.185

Dementia 2 (0.8) 11 (10.3) <0.001

Hyperlipidemia 122 (46.7) 51 (47.7) 0.909

Renal insufficiency 26 (10.0) 14 (13.1) 0.461

Multivessel disease 135 (51.7) 58 (54.2) 0.730

Previous antithrombotic regimen 

DAPT 247 (94.6) 96 (89.7) 0.110

DAPT + anticoagulant 59 (22.6) 37 (34.6) 0.019

Laboratory

Creatinine (mmol/L) 1.53±0.29 1.58±0.27 0.340

eGFR (mL/min/m2) 81.27±18.81 65.42±21.23 <0.001

Hemoglobin (g/dL) 14.43±1.43 13.59±1.40 0.375

Table 1 (continued)
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Table 1 (continued)

Variables Favorable (n=261) Unfavorable (n=107) P value

Hematocrit (%) 42.72±2.02 39.52±3.88 <0.001

Glucose (mmol/L) 7.04±0.53 6.90±0.55 0.942

Platelet count (×109/L) 156.62±42.77 134.31±44.84 0.069

PT/INR 1.49±0.27 1.47±0.31 0.691

Total cholesterol (mmol/L) 4.50±0.28 4.52±0.27 0.892

Triglyceride (mmol/L) 1.47±0.27 1.58±0.29 0.466

LDL-C (mmol/L) 2.97±0.57 3.05±0.62 0.177

LVEF (%) 57.75±6.18 53.16±5.43 0.164

Radiologic

Side of hematoma

Left 132 (50.6) 45 (42.1) 0.168

Right 129 (49.4) 62 (57.9) 0.168

Thickness of hematoma (mm) 

<10 31 (11.9) 0 (0.0) <0.001

10–30 214 (82.0) 71 (66.4) 0.002

>30 16 (6.1) 36 (33.6) <0.001

Midline shift (mm) 

<10 104 (39.8) 9 (8.4) <0.001

10–20 151 (57.9) 71 (66.4) 0.159

>20 6 (2.3) 27 (25.2) <0.001

Motor deficit 104 (39.8) 78 (72.9) <0.001

Babinski positive 39 (14.9) 46 (43.0) <0.001

Disorientation 76 (29.1) 96 (89.7) <0.001

Early resumption of antithrombotics (days)

0–3 0 (0.0) 11 (10.3) <0.001

4–14 130 (49.8) 34 (31.8) 0.002

15–30 110 (42.1) 50 (46.7) 0.487

Late resumption (>30 days) 21 (8.1) 12 (11.2) 0.323

Reversal of antithrombotics 99 (37.9) 38 (35.5) 0.722

Bridging antithrombotic therapy 65 (24.9) 15 (14.0) 0.026

Values are expressed as the mean ± SD or n (%). A P value <0.05 was considered statistically significant. BP, blood pressure; GCS, 
Glasgow Coma Scale; DAPT, dual antiplatelet therapy; eGFR, estimated glomerular filtration rate; PT/INR, prothrombin time/international 
normalized ratio; LDL-C, low-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction. 

0.78, 95% CI: 0.53 to 1.09) (Figure 6B). Additionally, the 
C-statistic of the selected final model was 0.80 (95% CI: 
0.73 to 0.89) (Figure 6C) in the external validation cohort, 

with an optimism-corrected calibration slope of 0.76 (95% 
CI: 0.50 to 1.02), indicating a good level of discriminative 
ability. 
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Table 2 Antithrombotic treatments post-cessation in the training cohort

Antithrombotic 
regimen

First antithrombotic 
regimen within 3 days 

post-cessationa (n=368)

Antithrombotic regimen 
days 4–14 post-cessation 

(n=357)

Antithrombotic regimen 
days 15–30 post-
cessation (n=193)

Antithrombotic regimen 
more than 30 days post-

cessation (n=33)

None 357 (97.0) 193 (54.1) 33 (17.1) 0 (0.0)

Aspirin 0 (0.0) 0 (0.0) 4 (2.0) 0 (0.0)

Clopidogrel 11 (3.0) 113 (31.6) 60 (31.1) 0 (0.0)

VKAs 0 (0.0) 0 (0.0) 3 (1.6) 0 (0.0)

DAPT 0 (0.0) 40 (11.2) 51 (26.4) 24 (72.7)

Aspirin + VKA 0 (0.0) 0 (0.0) 6 (3.1) 0 (0.0)

Clopidogrel + VKA 0 (0.0) 11 (3.1) 33 (17.1) 7 (21.2)

DAPT+VKA 0 (0.0) 0 (0.0) 3 (1.6) 2 (6.1)

Values are expressed as n (%). a, time from the cessation of antithrombotic treatments to prescription claim [days, mean (SD)]. VKAs, 
vitamin K antagonists; DAPT, dual antiplatelet therapy (aspirin + clopidogrel). Aspirin: 22.2±6.8 days (median: 20 days). Clopidogrel: 
17.5±14.3 days (median: 13 days). VKAs: 25.7±7.8 days (median: 22 days). Aspirin + clopidogrel (DAPT): 19.8±15.4 days (median: 
17 days). Aspirin + VKA: 24.1±6.8 days (median: 23 days). Clopidogrel + VKA: 19.2±15.7 days (median: 20 days). Triple therapy:  
25.1±7.3 days (median: 23 days).

Figure 3 Forest plot depicting associations between age, systolic BP, BMI, GCS score, eGFR, early resumption, hematoma thickness and 
the presence of abdominal obesity, frailty and previous bleeding and the risk of unfavorable outcomes after antithrombotic-related CSDH in 
multivariable analysis. BP, blood pressure; BMI, body mass index; GCS, Glasgow Coma Scale; eGFR, estimated glomerular filtration rate; 
CSDH, chronic subdural hematoma.
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Discussion

This retrospective study demonstrates for the first time a 
deeper analysis of a scoring prognosis system combined 
with various risk factors to facilitate and improve 
outcome prediction among patients with recent AMI 
with antithrombotic-related CSDH. The main findings 
are as follows: (I) age, SBP, BMI, the GCS score, eGFR, 
early resumption, hematoma thickness and the presence 
of abdominal obesity, frailty and previous bleeding were 
independent predictors for unfavorable outcomes in patients 
with recent AMI with antithrombotic-related CSDH; (II) 
a scoring system for prognosticating patient outcomes 
after antithrombotic-related CSDH showed excellent 
discrimination and robust prediction; and (III) the scoring 
system was well calibrated in an external observational 
cohort of patients with recent AMI with antithrombotic-
related CSDH.

Few estimates of logical scoring systems exist to identify 
better guiding practice in patients with recent AMI with 
antithrombotic-related CSDH. Our results were confirmed 
and extended previous studies. First, we found that 10 
variables from the final model (model A + B + C) were 
associated with the risk of unfavorable outcomes among 
patients with recent AMI with antithrombotic-related 

CSDH. Some of these variables were consistent with 
previous multivariate analysis, such as age, female sex, low 
BMI, the GCS score, hematoma thickness and the presence 
of previous bleeding (10-12,21). The major mechanisms 
linking the six above mentioned variables with CSDH are 
relatively well elaborated in existing knowledge (10-12, 
14,15,21). Similarly, Kwon et al. (11) devised a scoring 
system regarding the prognosis of patients with CSDH that 
can assist in the necessity of surgery; however, the authors 
did not focus on the population with recent AMI receiving 
antithrombotic agents.

Second, the fear of falls and subsequent CSDH are 
common reasons to avoid initiating antithrombotic therapy 
or discontinuing therapy in patients with recent AMI (3,5). 
The main principles of antithrombotic strategy in this 
complex setting need to prevent stent thrombosis while 
avoiding increased bleeding risk by the safely tailored use of 
antiplatelet therapy (22). Upon a bleeding episode, potential 
strategies include downgrading from triple to dual therapy, 
stopping DAPT or all antithrombotic agents transitorily, 
shortening DAPT duration, and reversal until bleeding has 
stopped unless the thrombotic risk is prohibitive, or even 
resumption with a single antiplatelet drug (preferably with 
clopidogrel) when bleeding has stopped (19,23,24), findings 
that were consistent with our model C analysis based on 
collaborative multidisciplinary practice. Life-threatening 
bleeding is the only absolute indication to stop and reverse 
antithrombotic therapy (19,23). The best known WOEST 
trial showed that double therapy (clopidogrel plus vitamin 
K antagonist) was safer regarding hemorrhage than triple 
therapy, and simultaneous registries have demonstrated 
similar findings (25). Given the different ethnicities of 
Asian patients, 3 main bleeding risk score models exist: 
the CRUSADE, ACTION, and ACUITY-HORIZONS 
models (26-28). The CRUSADE and ACTION models 
hold similar baseline factors, including the heart rate, 
SBP, heart failure, diabetes, and vascular disease, whereas 
the ACUITY-HORIZONS model did not have these 
factors and instead used the variable treatment with the 
antithrombotic regimen (26-28). However, our final model 
did not include these variables, mainly due to the population 
confined to the clinical settings in antithrombotic-related 
CSDH. For the resumption of antiplatelet therapy, 
evidence appears to reveal no difference between early 
and late resumption (3,5,29). Our study suggested that the 
resumption of a single antithrombotic more than 3 days 
postoperatively may be safe.

Third, BMI significantly influences the association 

Figure 4 Receiver operating characteristic curves of each 
combinatorial prognosis model to predict the 6-month outcome. 
AUC, areas under the curve. 
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between clopidogrel therapy and the CYP2C19 genotype, 
and extreme BMI (low and high) predicts the escalation 
of the bleeding risk (30). However, BMI does not 
accurately describe body fat accumulation, and surrogate 
markers of abdominal obesity, such as WHR or waistline 
circumference, might be more important predictors for 
unfavorable outcomes in patients with recent AMI with 
antithrombotic-related CSDH. In our study, the association 
between abdominal obesity and unfavorable outcomes 
may be explained by these mechanisms, such as impaired 
suppression of adipocyte lipolysis, elevated C-reactive 
protein levels, elevated nonesterified fatty acid levels, 
increased macrophage-related atherogenic cytokines, and 
low-grade systemic inflammation, potentially leading to 
low-grade systemic inflammation and vascular endothelial 
dysfunction, which contribute to increased cardiovascular 
risk (17,31,32). 

Fourth, our findings support previous observations 
showing the association of decreased renal function with 
a higher bleeding risk (33). The CHADS2 score also 
recommends that decreased renal function is associated 
with the risk of stroke, possibly because all the direct oral 
anticoagulants are eliminated via the kidney (34). Despite 
crucial prior steps in the antithrombotic therapy of AMI 
patients with decreased renal function, including the DAPT, 
PARIS, and PRECISE-DAPT scores, many uncertainties 
persist (33). Further complications arise when patients with 
decreased renal function have a very high risk of impaired 
antiplatelet effects by clopidogrel and aspirin (34,35).

Fifth, one notable finding in the multivariate analysis was 
that frailty was independently associated with the primary 
composite outcome. Frailty is an emerging predictor 
in cardiovascular disease revealing increased disease 
vulnerability and decreased physiological reserves, which 

Figure 5 Nomogram for the final model developed in the training cohort. Each variable corresponds to a point (top). These points are then 
summed to translate into a 6-month risk of an unfavorable outcome (bottom). BP, blood pressure; BMI, body mass index; GCS, Glasgow 
Coma Scale; eGFR, estimated glomerular filtration rate.
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transform the drug kinetics and toxicity of standard doses of 
antithrombotics (18,36). Numerous previous studies have 
described that frailty is strongly associated with mortality, 
and approximately 20–40% of patients with cardiac surgery 
were either fragile or at risk for frailty (18,36). Consistently, 
in CSDH patients, Shimizu et al. (37) observed a poorer 
prognosis in patients with frailty than those in without 
frailty. Thus, few recent trials on antithrombotic treatment 
have evaluated frail patients to help guide decision-making.

To the best of our knowledge, this study is the first to 
devise an objective, simple, numeric, and visual version of a 
prognostic model with respect to patients with recent AMI 
with antithrombotic-related CSDH. Using a retrospective 
study to identify the possible role of numerous clinical 

variables and biomarkers in the clinical setting, a nomogram 
incorporating factors of the antithrombotic regimen was 
established and emerged as being more effective than a 
single clinical prognostic index. Importantly, the validation 
cohort at another hospital was exploited to validate the 
effectiveness of the current nomogram and achieve a high 
C-index. Another strength of our study approach is that 
it confirms that all the indexes are intuitive to clinicians, 
indicating they are feasible and common in routine hospital 
settings. This tool can be effective in risk assessment on 
an individual level to identify who may merit intensive 
screening and/or targeted prevention strategies (e.g., 
randomized primary prevention trials) to reduce the 
burden of CSDH patients with recent AMI. This risk 

Figure 6 Calibration curves for the nomogram in the training (A), internal validation (B) and external validation (C) cohorts. Calibration 
curves indicate the goodness-of-fit of the nomogram. The 45° gray line represents the ideal prediction.
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score is a reliable and appealing screening tool to identify 
populations in the primary care setting who are at higher 
risk to develop of CSDH. Sequential screening for CSDH 
patients with recent AMI could integrate traditional 
and novel biomarkers (e.g., BMI, eGFR, and SBP) and 
collaborative multidisciplinary practice (e.g., resumption of 
antithrombotic therapy) in a stepwise, individualized, and 
cost-effective approach.

Limitations

Several limitations deserve mention. First, this was a 
retrospective study, and potential residual confounders 
might be present. There is scant evidence to guide the 
ideal timing to recommend antithrombotic agents, and 

information on the type and dose of oral antithrombotic 
agents is complex (3,5,19). The sample size of patients using 
novel oral anticoagulants (NOACs) was relatively small; 
thus, these results may not be generalizable for patients 
on NOACs. Therefore, our observed findings might be 
conservative. Regardless, the model performed robustly as 
well as expected in an external validation cohort. Second, 
although the prognostic model can support clinicians in 
effectively and accurately predicting outcomes, it cannot 
completely replace the best tailored strategy made by 
clinicians. Third, it is emphasized that a scoring system 
might not capture all the existing predictors, because of 
the clinical data from three hospital databases. However, 
this consensus limitation is deemed minor, and all patients’ 
data on vital status were complete. Fourth, the validation 

Table 3 Baseline characteristics of patients in the external validation cohort

Variables Favorable (n=134) Unfavorable (n=51) P value

Age (years) 

<60 69 (51.5) 11 (21.6) <0.001

60–75 35 (26.1) 18 (35.3) 0.275

>75 30 (22.4) 22 (43.1) 0.006

Systolic BP ≥160 (mmHg) 76 (56.7) 39 (76.5) 0.017

Body mass index (kg/m2) 23.02±6.43 24.97±7.89 0.031

Body mass index <18.5 (kg/m2) 27 (20.1) 19 (37.3) 0.022

Abdominal obesity 31 (23.1) 23 (45.1) 0.006

Baseline GCS score 12.97±2.08 8.02±4.17 <0.001

Frailty 29 (21.6) 24 (47.1) 0.001

Previous bleeding 16 (11.9) 19 (37.3) <0.001

eGFR (mL/min/m2) 80.86±29.20 64.17±22.35 <0.001

Thickness of hematoma (mm) 

<10 17 (12.7) 0 (0.0) <0.001

10–30 107 (79.8) 31 (60.8) 0.013

>30 10 (7.5) 20 (39.2) <0.001

Early resumption of antithrombotics (days)

0–3 0 (0.0) 7 (13.7) <0.001

4–14 71 (53.0) 15 (29.4) 0.005

15–30 53 (39.5) 23 (45.1) 0.508

Late resumption (>30 days) 10 (7.5) 6 (11.8) 0.384

Values are expressed as the mean ± SD or n (%). A P value <0.05 was considered statistically significant. BP, blood pressure; GCS, 
Glasgow Coma Scale; eGFR, estimated glomerular filtration rate.
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cohort reviewed only patients in China, limiting the 
generalizability to different populations and adherence. 
Finally, an unfavorable outcome was defined as a composite 
endpoint of MACE, recurrence, or a mRS score of 2 to 6. 
The subgroup cohorts according to the above mentioned 
three different endpoints preclude multivariate analyses 
because of the small patient number in each subgroup. 
Accordingly, a large sample size and a prospective 
multicenter study design are needed in future studies. 

Conclusions

Our study provides further evidence supporting the 
prognostic value of several practical variables for the 
outcomes of antithrombotic-related CSDH in patients 
with recent AMI. It may serve as a user-friendly tool 
tailored to the vital status of each individual, facilitating 
risk stratification, complementing clinical assessment, 
and tailoring treatment strategies during clinical decision 
making.
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