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BACKGROUND: The identification of patients surviving an acute intracerebral hemorrhage who are at a long-term risk of arterial 
thrombosis is a poorly defined, crucial issue for clinicians.

METHODS: In the setting of the MUCH-Italy (Multicenter Study on Cerebral Haemorrhage in Italy) prospective observational 
cohort, we enrolled and followed up consecutive 30-day intracerebral hemorrhage survivors to assess the long-term 
incidence of arterial thrombotic events, to assess the impact of clinical and radiological variables on the risk of these events, 
and to develop a tool for estimating such a risk at the individual level. Primary end point was a composite of ischemic stroke, 
myocardial infarction, or other arterial thrombotic events. A point-scoring system was generated by the β-coefficients of 
the variables independently associated with the long-term risk of arterial thrombosis, and the predictive MUCH score was 
calculated as the sum of the weighted scores.

RESULTS: Overall, 1729 patients (median follow-up time, 43 months [25th to 75th percentile, 69.0]) qualified for inclusion. 
Arterial thrombotic events occurred in 169 (9.7%) patients. Male sex, diabetes, hypercholesterolemia, atrial fibrillation, and 
personal history of coronary artery disease were associated with increased long-term risk of arterial thrombosis, whereas the 
use of statins and antithrombotic medications after the acute intracerebral hemorrhage was associated with a reduced risk. 
The area under the receiver operating characteristic curve of the MUCH score predictive validity was 0.716 (95% CI, 0.56–
0.81) for the 0- to 1-year score, 0.672 (95% CI, 0.58–0.73) for the 0- to 5-year score, and 0.744 (95% CI, 0.65–0.81) for 
the 0- to 10-year score. C statistic for the prediction of events that occur from 0 to 10 years was 0.69 (95% CI, 0.64–0.74).

CONCLUSIONS: Intracerebral hemorrhage survivors are at high long-term risk of arterial thrombosis. The MUCH score may 
serve as a simple tool for risk estimation.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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Although spontaneous intracerebral hemorrhage 
(ICH) accounts for only ≈10% of all strokes, it is 
the disease subtype with the most severe clinical 

consequences because of the associated high mortality 

and morbidity.1 In contrast to the much available data 
on patients’ outcome in the acute phase of the disease, 
the long-term prognosis of patients who survive after 
ICH has been poorly investigated to date. Incident and 
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recurrent vascular events are a leading cause of death 
and long-term functional decline among ICH survivors.2 
Emerging data suggest that patients with ICH may not 
only be at risk for recurrent cerebral bleeding but also 
at a higher risk of arterial ischemic events, particularly, 
ischemic stroke (IS) and ischemic cardiovascular dis-
ease, than the general population.2 Notwithstanding, 
mainly because of concerns about ICH recurrence, rec-
ommendations on the use of antithrombotic and statin 
medications for secondary prevention of arterial throm-
botic events in these patients are still a matter of debate, 
even in selected ICH subgroups, such as, for example, 
those with specific comorbid conditions, like atrial fibril-
lation (AF).3 Stated another way, what, if any, secondary 
prevention therapy should be offered to ICH survivors is 
still a clinical dilemma. Because of this gap in knowledge, 
the identification of ICH survivors who are at the greatest 
risk of developing major vascular events during follow-up 
emerges as a crucial issue for clinicians.

MUCH-Italy (Multicenter Study on Cerebral Haemor-
rhage in Italy) provides the opportunity to investigate this 
clinical question owing to its large sample size, the homo-
geneous demographic characteristics and clinical phe-
notype of the subjects included, the standard diagnostic 
workup and follow-up evaluation. Therefore, in the present 
study, we aimed at (1) determining the long-term incidence 
of major arterial thrombotic events and bleeding recur-
rences in ICH survivors, (2) assessing the impact of clinical 
and radiological variables on the risk of these events, and 
(3) developing a multivariable risk score for estimating the 
long-term risk of arterial thrombotic events at the individual 
level, in a cohort of Italian patients with ICH.

METHODS
The data supporting the findings of this study are available from 
the corresponding author upon reasonable request.

Standard Protocol Approvals and Participant 
Consents
The institutional ethical standards committee on human experi-
mentation at Brescia University Hospital provided approval for 

the study. Written informed consent was obtained for all partici-
pants (or next of kin).

Study Design and Participant Selection
MUCH-Italy is a countrywide network of neurological centers 
designed to investigate the epidemiology, risk factors, and 
consequences of ICH in the setting of a hospital-based, mul-
ticenter, prospectively recruiting, observational cohort study.4 
For the present analysis, we screened data sets from patients 
with acute ICH consecutively admitted from January 1, 2002, 
to July 31, 2014. Criteria for patient selection, risk factor defi-
nition, diagnostic procedures, and assessment of hematoma 
location have been described previously4 and are summarized 
in the Supplemental Methods. All patients underwent the first 
computed tomography scan at admission and a follow-up 
computed tomography scan at 24 hours of symptom onset. 
Hematoma expansion (HE) was defined as absolute growth 
of >6 mL or relative growth of >33% from the first computed 
tomography to the follow-up computed tomography.5

Outcomes
Death was considered due to the index ICH if it occurred within 
30 days of the onset of symptoms. Follow-up evaluations were 
conducted at 3 months and then annually, and outcome events 
were classified by using information from interviews (directly 
during follow-up visits or by telephone) with patients, next of 
kin, witnesses, and attending physicians or from hospital/gen-
eral practitioner records. Subjects were included in the sub-
group of patients who did not experience long-term vascular 
events if they had at least a 1-year follow-up.

The primary end point was a composite of fatal/nonfatal IS, 
MI, or other arterial thrombotic events. Secondary end points 
were (1) fatal/nonfatal IS, (2) fatal/nonfatal MI, (3) a composite 
of fatal/nonfatal recurrent ICH or major hemorrhagic events, 
and (4) recurrent fatal/nonfatal ICH.

Criteria for outcome definition are reported in the 
Supplemental Methods. If >1 event occurred during the follow-
up, the first was used for calculation of the disease-free survival 
time. Long-term antithrombotic therapy and other treatment for 
secondary prevention were administered in accordance with 
published guidelines6 or, in cases where there was no clear evi-
dence in favor of a treatment, at the discretion of the physician 
in charge of the patient. Adherence to secondary prevention 
medication (oral anticoagulants, aspirin or other antiplatelet 
agents, antihypertensive agents, oral hypoglycemic agents or 
insulin, and statins) and variations in vascular risk factors during 
follow-up were ascertained at each follow-up evaluation in the 
same way as for recurrent vascular events.

Statistical Analysis
Duration of follow-up was calculated in person-months by 
using the follow-up of each participant from baseline exami-
nation until death, outcome event, or most recent censored 
follow-up assessment (corresponding to the end of the study, 
March 2022). We imputed the missing values (n=50) with 
mode (for binary variables) or mean (for continuous variables). 
Survival analyses were performed in the subgroup of patients 
who had survived at least 30 days after spontaneous ICH. 
The Kaplan-Meier survival analysis was used to estimate the 

Nonstandard Abbreviations and Acronyms

AF	 atrial fibrillation
AUC	 �area under the receiver operating 

characteristic curve
HE	 hematoma expansion
HR	 hazard ratio
ICH	 intracerebral hemorrhage
IS	 ischemic stroke
MUCH-Italy	� Multicenter Study on Cerebral 

Haemorrhage in Italy

D
ow

nloaded from
 http://ahajournals.org by on M

ay 14, 2024

https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.123.044626
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.123.044626


CL
IN

IC
AL

 A
ND

 P
OP

UL
AT

IO
N 

SC
IE

NC
ES

Pezzini et al Arterial Thrombosis After Cerebral Hemorrhage

636    March 2024� Stroke. 2024;55:634–642. DOI: 10.1161/STROKEAHA.123.044626

cumulative incidence of outcome events by follow-up time.7 
Hazard ratios (HRs) and 95% CIs were assessed by Cox pro-
portional hazards models in univariable analyses to compare 
demographic variables and risk factor prevalence at baseline 
and in multivariable analysis, as well, to detect the independent 
predictors of outcome. We assessed the proportional hazards 
assumption for a Cox regression model fit by plotting estimates 
of the time-independent coefficient β versus time. If the propor-
tional hazards assumption is true, each β is a horizontal line.8 
The variables included in the regression model as covariates 
were selected a priori (ie, before model development) based 
on their assumed biological relevance according to the data of 
the literature. In each model, predictors of the overall primary 
and secondary end points were identified. The model included 
the following covariates: demographic characteristics (age and 
sex), traditional cardiovascular risk factors (hypertension, dia-
betes, hypercholesterolemia, active smoking, and alcohol con-
sumption), comorbidities (personal history of ischemic heart 
disease and cancer, AF), characteristics of the index hemor-
rhage (hematoma location [deep versus lobar], HE), and use 
of secondary preventive medications (antithrombotic agents, 
statins). Because of the potential impact of hematoma location 
(deep versus lobar) and comorbid AF on the risk of vascular 
events after ICH and their possible therapeutical implications, 
we performed the same analysis stratifying the study group by 
site of hemorrhage and coexistent AF.

Based on the variables identified as predictors, we devel-
oped a risk score for the estimation of the individual long-term 
risk of arterial thrombotic events after ICH, using the least 
absolute shrinkage and selection operator variable selec-
tion procedure as proposed by Tibshirani9 in survival analysis. 
This is a penalized variable selection technique, which shrinks 
β-coefficients (β=ln[HR]) and produces some β-coefficients 
that are exactly zero. The variables whose β-coefficient is zero 
are then automatically deleted from the predictor set. Model 
screening was performed by tuning penalized parameter by 
K-fold cross-validation,10 with K=10 roughly equal-sized sub-
sets. The nonzero β-coefficients of each predictor variable from 
the multivariable survival model with minimum least absolute 
shrinkage and selection operator penalty were used to gener-
ate a weighted scoring system of the predictors. An overall con-
tinuous individual risk score (MUCH score, s) for each patient 
(1) was calculated by summing up its β-coefficients×predictor 
values (xj) [s(i)=Ʃj βjx(i)j]. Exponential function, η(i)=exp[s(i)], 
represents the hazard score for each subject. Higher values of 
η(i) correspond to a higher level of hazard and a shorter survival 
time based on the predictors. To assess the predictive validity of 
the MUCH score, we used the receiver operating characteris-
tic curves, the area under the receiver operating characteristic 
curve (AUC), and the discrimination C statistic (overall AUC), 
which take into account the timing of events from survival 
data11–13 (at 1, 5, and 10 years for AUC and from 0 to 10 years 
for C statistic). AUC and C summaries are 0-to-1 values, where 
50% is the null value of worse scenario for decision-making. To 
account for the fact that we evaluated the risk score function 
on the same data on which it was developed, the C statistic 
(overall AUC) in predicting events that occur in a time range 
0 to t was validated by K-fold cross-validation10 with K=10, 
each fold evaluating a test sample (n=173) by using scores 
obtained from the β-coefficients trained by the other learn-
ing sample (n=1729−173=1556). In this way, we corrected 

for potential overfitting in the assessment of the score per-
formance. Additionally, we determined the MUCH score as 
predictor of arterial thrombotic events in the follow-up using 
Kaplan-Meier plots with significance testing by the log-rank 
test, after converting the score to a binary variable based on an 
optimal cutoff according to the Youden index method.14 Two-
sided values of P<0.05 were considered significant. Statistical 
analyses were conducted with the R software (version 4.2.2, R 
Development Core Team: https://cran.r-project.org/).

RESULTS
Thirteen of the 19 centers comprising the MUCH-Italy 
network participated to the present study. The remaining 
6 centers were unable to provide a systematic follow-up 
evaluation of the patients enrolled because of bureau-
cratic and administrative issues and, therefore, did not 
contribute to the present analysis. In all, of the 3492 
patients with first-ever ICH included in the MUCH-Italy 
database, 2864 (82.0%) were considered for participa-
tion. Among them, 347 (12.1%) were excluded because 
they were lost to follow-up at the first postdischarge 
(3-month) evaluation, leaving 2517 (72.1%) patients 
(mean age, 73.8±12.5 years; males, 55.4%) eligible for 
inclusion in the present study (Figure 1). There were no 
significant differences in baseline demographic and clini-
cal characteristics between the 2 subgroups, except for 
a higher prevalence of coronary artery disease among 
patients whose follow-up data were available for the 
analysis (not shown). Based on the location of the hema-
toma, 1170 (46.5%) patients were categorized as lobar 
ICH cases, while 1341 (53.3%) were considered deep 
(nonlobar) ICH cases (in the remaining 6 [0.2%] patients, 
a consensus on the exact hematoma location was not 
reached, and they were categorized as mixed ICH). HE 
was detected in 644 (26.6%) patients. Demographic and 
baseline clinical characteristics of the study group are 
summarized in Table 1.

Within the first 30 days after the index ICH, 788 
(31.3%) patients died, leaving a group of 1729 (68.7%) 
participants available for long-term longitudinal analysis 
(Figure 1).

The latter subgroup was followed up for 7264 patient-
years. The median follow-up time was 43 months (25th 
to 75th percentile, 69.0), with a maximum follow-up of 
17 years. Changes in risk factor distribution and therapy 
at follow-up compared with baseline are reported in the 
Supplemental Methods and Figure S1.

Outcome
Among the 1729 30-day survivors, we recorded major 
arterial thrombotic events in 169 (9.7%; 23 per 1000 
patient-years) patients (108 [6.2%; 15 per 1000 patient-
years] ISs, 39 [2.2%; 5 per 1000 patient-years] MIs, 
and 22 [1.2%; 3 per 1000 patient-years] other arterial 

D
ow

nloaded from
 http://ahajournals.org by on M

ay 14, 2024

https://cran.r-project.org/
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.123.044626
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.123.044626


CLINICAL AND POPULATION 
SCIENCES

Pezzini et al Arterial Thrombosis After Cerebral Hemorrhage

Stroke. 2024;55:634–642. DOI: 10.1161/STROKEAHA.123.044626� March 2024    637

thrombotic events) and major hemorrhagic events in 
231 (13.3%; 32 per 1000 patient-years) patients (219 
[12.7%; 30 per 1000 patient-years] recurrent ICH and 
12 [0.6%; 2 per 1000 patient-years] other major hem-
orrhagic events) during the follow-up. Outcome events 
were confirmed by hospital/general practitioner records 
in 97.8% of the cases.

Variable Selection and Risk Model Prediction
All models met Cox proportional hazards assumption. 
In multivariable Cox proportional regression analysis, 
7 covariates predicted independently the risk of major 
arterial thrombotic events during the follow-up: male 
sex (HR, 1.49 [95% CI, 1.06–2.04]), diabetes (HR, 1.50 
[95% CI, 1.07–2.10]), hypercholesterolemia (HR, 1.81 
[95% CI, 1.30–2.54]), AF (HR, 2.29 [95% CI, 1.59–
3.30]) and personal history of coronary artery disease 
(HR,1.91 [95% CI, 1.34–2.73]) turned out to increase 
this risk, whereas the use of statins (HR, 0.26 [95% CI, 
0.15–0.46]) and antithrombotic medications (HR, 0.62 
[95% CI, 0.38–0.99]; in particular, oral anticoagulants 
[HR, 0.22 (95% CI, 0.55–0.94)]) in the follow-up was 
associated with a reduced risk. Conversely, 3 covariates 
predicted independently the risk of major hemorrhagic 
events: increasing age (HR, 1.02 [95% CI, 1.01–1.03], 
for every 1-year increase of age), lobar location of the 
hematoma (HR, 1.72 [95% CI, 1.31–2.22]), and HE (HR, 
2.17 [95% CI, 1.55–3.03]; Table 2).

The models with secondary end points (fatal/nonfatal 
IS, fatal/nonfatal ICH, and fatal/nonfatal MI) as outcome 
measure gave similar results (Table S1).

The least absolute shrinkage and selection opera-
tor technique for variable selection confirmed the non-
zero β-coefficients of sex, antithrombotic medications 
use, diabetes, hypercholesterolemia, personal history of 
ischemic heart disease, AF, and statin use, as indepen-
dent predictors of arterial thrombotic events during the 
follow-up. The MUCH score was generated by using the 
7 predictor variables reported above. To derive a value for 
each parameter of the MUCH score, β-coefficients were 
rounded to the closest decimal (Table 3; the observed dis-
tribution of MUCH scores is summarized in Figure S2).

The sum of the weighted scores was used to esti-
mate the overall score. This gave a continuous score 
whose values range between 0 and 5. The 1-, 5-, and 
10-year individual risk is calculated using the follow-
ing formulas: 1-year risk=1−0.997exp(MUCH score); 5-year 
risk=1−0.93exp(MUCH score), 10-year risk=1−0.978exp(MUCH 

score).

Assessment of Model Performance
The MUCH score offered moderate discrimination for 
the long-term risk of arterial thrombotic events. In par-
ticular, the AUCs were 0.716 (95% CI, 0.56–0.81) at 1 
year, 0.672 (95% CI, 0.58–0.73) at 5 years, and 0.744 
(95% CI, 0.65–0.81) at 10 years (Figure 2), indicating 
acceptable predictive performance of our model. Dis-
crimination C statistic for the prediction of events that 
occur in the time range of 0 to 10 years was 0.691 (95% 
CI, 0.64–0.74).

Mean 10-fold cross-validated C statistic was 0.64, 
suggesting that the bias coming from predicting on the 

Figure 1. Participants’ enrollment and 
eligibility criteria flowchart. 
MUCH-Italy indicates Multicenter Study on 
Cerebral Haemorrhage in Italy.
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same data set used for fitting was ≈0.1. Kaplan-Meier 
plots comparing the 2 groups of patients defined by the 
optimal cutoff value of the MUCH score (<2.62 versus 
>2.62) confirmed the predictive performance of the score 
(log-rank test; χ2[degree of freedom]=70.8 [1]; P<0.001; 
Figure S3). Figure 3 contrasts the estimated 1-, 5-, and 
10-year risk of arterial thrombotic events in the follow-
up in patients with varied combinations of predictors. For 
each combination, the 5-year model gives risk estimates 
that are 2 to 3× higher and the 10-year model ≈4× 
higher than those of the 1-year model. For example, the 
1-year risk for a patient with all the 7 predictors is ≈25%, 
but the corresponding 5-year risk reaches ≈65% and the 
10-year risk reaches ≈95%.

The rate of major arterial thrombotic events did not 
differ by ICH location, but it was higher among patients 
with comorbid AF than among those without (Supple-
mental Results).

DISCUSSION
Approximately 2.9 million people worldwide every year 
are affected by ICH, with obvious socioeconomic con-
sequences in terms of life-years with disability and life-
years lost.1 The burden of disease rises even more in the 
case of recurrent vascular events, which emphasizes the 
need for appropriate secondary prevention approaches. 
The results of our observational study, including a large 
cohort of well-characterized Italian patients, indicate that 
subjects who survive the first 30 days after an ICH are at 
substantial risk of major vascular events over time. In par-
ticular, the risk of arterial thrombosis is partly attributable 
to modifiable factors, among which the lack of resump-
tion or initiation of antithrombotic and statin medications, 
if indicated for secondary prevention of major vascular 
events, has a prominent role and can be estimated in 
a clinical setting by a simple prediction algorithm based 
on the combination of these factors. Comorbid AF was 
the principal risk factor for arterial thrombosis and IS but 
had no influence on the risk of major hemorrhagic events 
after the index ICH, while lobar ICH location and HE were 
the principal risk factors for recurrent ICH but did not 
impact the subsequent risk of arterial thrombosis. Con-
versely, although high blood pressure is an established 
and strong risk factor for vascular disease, we failed to 
show an association between hypertension and long-
term risk of vascular events after ICH. The interpretation 
of this finding is far from obvious. There is a possibil-
ity that initiation of blood pressure treatment in patients 
with ICH may attenuate a possible association between 
premorbid hypertension and risk of vascular events in the 
long term. Studies on secondary prevention, for example, 
have shown an association with lowering of blood pres-
sure and reduced recurrence rates of ICH.6

Another notable finding of the present analysis is 
that resumption or initiation of antithrombotic medica-
tions after ICH reduces the long-term risk of ischemic or 
thromboembolic events, especially IS, without increasing 
that of major rebleedings. Statins would appear to have 
the same effect. The benefits of disrupting the forma-
tion of platelet plugs and coagulation cascade with anti-
thrombotic agents and intensive lowering of cholesterol 
with statins are well established in patients with IS and 
coronary artery disease. However, antithrombotic drugs 
also increase the risk of bleeding, as a result of their 
effect on clotting and platelet aggregation. In this regard, 
our findings are in line with those of the only completed 
randomized controlled trial of antiplatelet therapy after 
ICH15,16 and move in the same direction of those of the 
largest randomized trial of oral anticoagulation for AF 
after ICH17 published to date. Similarly, the best strategy 
for treating dyslipidemia after ICH is currently unknown, 
given the potential of increased propensity for recurrent 
ICH with statin therapy. Therefore, whether or not to use 
these medications in ICH survivors is a common thera-
peutic dilemma in everyday clinical practice. Because 

Table 1.  Demographic and Clinical Characteristics of the 
Study Group and the 30-Day Survivor Subgroup

 

Overall 
population 
(n=2517) 

30-d 
survivors 
(n=1729) 

Age, y (±SD) 73.8±12.5 73.8±12.5

Sex, male 1394 (55.4) 981 (56.7)

Coronary artery disease 452 (18.0) 284 (16.4)

Atrial fibrillation 349 (13.9) 176 (10.2)

History of cancer 196 (7.8) 126 (7.3)

Hypertension

 � Nonhypertensive 633 (25.1) 450 (26.0)

 � Hypertensive and under treatment 1556 (61.8) 1040 (60.2)

 � Hypertensive but not under treatment 328 (13.0) 239 (13.8)

Diabetes

 � Nondiabetic 2044 (81.2) 1396 (80.7)

 � Diabetic and under treatment 396 (15.7) 281 (16.3)

 � Diabetic but not under treatment 77 (3.1) 52 (3.0)

Hypercholesterolemia

 � Nonhypercholesterolemic 1869 (74.3) 1281 (74.1)

 � Hypercholesterolemic and under treatment 
with statins

466 (18.5) 317 (18.3)

 � Hypercholesterolemic but not under treatment 182 (7.2) 131 (7.6)

Current smoking 290 (11.5) 222 (12.8)

Alcohol, heavy intake 340 (13.5) 242 (14.0)

Antithrombotic therapy

 � Antiplatelet agents 864 (34.3) 568 (32.9)

 � Oral anticoagulants 335 (13.3) 175 (10.1)

Hematoma location*

 � Deep 1341 (53.3) 954 (55.2)

 � Lobar 1170 (46.5) 771 (44.6)

Hematoma expansion 644 (26.6)† 194 (11.2)

CT indicates computed tomography; and ICH, intracerebral hemorrhage.
*Six (0.2%) patients in the overall sample and 4 (0.2%) in the 30-d survivor 

subgroup were categorized as mixed ICH.
†Twenty-four–hour follow-up cerebral CT scan was not available in 96 patients.
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of the few randomized controlled data currently avail-
able,18,19 our results, derived from a large prospective 
data set, might have implications for clinicians, since 
they provide reassurance to continue or initiate anti-
thrombotic medications and statins after ICH, without 
significant harm.

Most of the studies conducted so far on the long-
term risk of arterial thrombosis after ICH do not allow 
reliable estimates for a number of reasons. Some of 

them were clearly underpowered for multivariable 
analysis because of the rather modest number of 
patients involved and the short length of follow-up2; 
others lacked data on antithrombotic therapy or loca-
tion of the cerebral hematoma,20 captured end points 
that were a composite of thrombotic and hemorrhagic 
events making it hard to derive precise information on 
arterial thrombosis; and a few had limited generaliz-
ability because of the highly selected cohorts under 
investigation.2,20,21 Recently, a pooled analysis of 4 US 
population-based studies with ≈50 000 participants 
provided novel findings implicating ICH as a potential 
risk marker for subsequent arterial ischemic events.22 
Notwithstanding, as admitted by the authors them-
selves, the study could not explore the association 
between hematoma location and the risk of subse-
quent arterial thrombosis because of the lack of data 
or allow to perform subgroup analyses of recurrent ICH 
owing to the low number of such events. In addition, 
IS and MI were the only outcomes that were censored 
in that study, which, therefore, cannot provide informa-
tion about the risk of other major arterial thrombotic 
events over time. Similarly, data derived from the Dan-
ish Stroke Registry confirmed that patients with a prior 
ICH had higher rates of major ischemic (except MI) 
and hemorrhagic vascular events, especially in the first 
year after an ICH compared with the general popula-
tion, thus emphasizing the need for further research 

Table 2.  Multivariable Cox Proportional Hazards Model for Predicting the Primary End Points of Any Arterial Thrombotic 
Events and Any Major Hemorrhagic Events

 
No major arterial throm-
botic events (n=1560) 

Major arterial throm-
botic events (n=169) HR (95% CI) 

No major hemorrhagic 
events (n=1498) 

Major hemorrhagic 
events (n=231) HR (95% CI) 

Age, y (±SD) 72.0±12.7 71.5±9.8 1.01 (0.99–1.02) 72.0±12.5 71.8±12.3 1.02 (1.01–1.03)

Sex, male 869 (55.7) 112 (66.3) 1.49 (1.06–2.04) 848 (56.6) 133 (57.6) 0.88 (0.68–1.15)

Coronary artery 
disease

236 (15.1) 48 (28.4) 1.91 (1.34–2.73) 53 (16.9) 31 (13.4) 0.83 (0.56–1.23)

Atrial fibrillation 167 (10.7) 41 (24.3) 2.29 (1.59–3.30) 184 (12.3) 24 (10.4) 0.86 (0.56–1.32)

History of cancer 113 (7.2) 13 (7.7) 1.01 (0.57–1.81) 111 (7.4) 15 (6.5) 1.06 (0.63–1.81)

Hypertension 1189 (76.2) 141 (83.4) 1.35 (0.88–2.05) 1155 (77.1) 175 (75.8) 1.06 (0.78–1.45)

Diabetes 348 (22.3) 53 (31.4) 1.50 (1.07–2.10) 349 (23.3) 52 (22.5) 1.03 (0.75–1.42)

Hypercholester-
olemia

467 (29.9) 75 (44.4) 1.81 (1.30–2.54) 463 (30.9) 79 (34.2) 1.13 (0.82–1.56)

Current smoking 51 (3.3) 6 (3.6) 1.24 (0.54–2.85) 50 (3.3) 7 (3.0)  

Alcohol, heavy 
intake

6 (0.4) 2 (1.2) 2.12 (0.51–8.75) 7 (0.5) 1 (0.4) 0.83 (0.12–6.02)

Antithrombotic 
therapy

235 (15.1) 20 (11.8) 0.62 (0.38–0.99) 229 (15.3) 26 (11.3) 0.67 (0.44–1.02)

Statin therapy 237 (15.2) 15 (8.9) 0.26 (0.15–0.46) 215 (14.4) 37 (16.0) 0.86 (0.57–1.30)

Hematoma location

 � Deep 852 (54.7) 102 (60.7) 1 855 (57.2) 99 (42.9) 1

 � Lobar 705 (45.3) 66 (39.3) 0.91 (0.66–1.23) 639 (42.8) 132 (57.1) 1.72 (1.31–2.22)

Hematoma 
expansion

180 (11.9) 14 (8.4) 0.81 (0.46–1.41) 151 (10.4) 43 (18.8) 2.17 (1.55–3.03)

HR indicates hazard ratio.

Table 3.  Multivariable Cox Proportional Hazards Model 
With the Predictors Selected by the Least Absolute  
Shrinkage and Selection Operator Procedure and the 
β-Weights (Last Column) of the MUCH Score Used for 
Computing the Individual Probability of Arterial Thrombotic 
Events After Intracerebral Hemorrhage

 HR (P value) β-coefficent Score points 

Sex, male 1.44 (0.025) 0.3679 0.4

Diabetes 1.54 (0.011) 0.4299 0.4

Antithrombotic  
medications, nonuse

1.60 (0.053) 0.4688 0.5

Hypercholesterolemia 1.88 (≤0.001) 0.6328 0.6

History of ischemic heart 
disease

2.04 (≤0.001) 0.7138 0.7

Atrial fibrillation 2.38 (≤0.001) 0.8682 0.9

Statins, nonuse 3.87 (≤0.001) 1.3544 1.4

HR indicates hazard ratio; and MUCH, Multicenter Study on Cerebral  
Haemorrhage.
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into effective secondary preventive measures to reduce 
these risks, but the study lacked data on ICH location 
and could not provide information on the underlying 
cause of ICH.23 Since many of the limitations mentioned 
above do not apply to our study, the present analysis 
yields essential new information on the long-term risk 
of arterial thrombosis after ICH. In particular, it provides 
rather stable results on the specific predictors of clini-
cal events in the long term. Factors that turned out to 
predict thrombotic risk in our cohort of patients with 
ICH (male sex, diabetes, hypercholesterolemia, his-
tory of ischemic heart disease, AF, noncompliance with 
secondary preventive medications) are, actually, among 
those with the highest impact on thrombotic risk even 
in people with no history of ICH, just as the coexis-
tence of multiple factors in one subject is well known 
to increase the long-term propensity to arterial throm-
bosis. These findings, therefore, might be regarded 
as not entirely unexpected. Notwithstanding, whether 
risk factors for thrombosis in the general population 

are also risk factors in ICH survivors has never been 
definitively proven. In addition, identifying predictors 
of arterial thrombotic events after ICH could help with 
risk stratification to inform decisions about secondary 
prevention strategies. In this regard, the score we had 
developed based on these factors can be a useful tool 
in a clinical setting because of its characteristics of 
simple prediction algorithm for the estimation of the 
individual long-term risk.

Effective risk communication is another reason why 
our long-term risk prediction score might be helpful. ICH 
survivors are more likely to adopt lifestyle changes on 
hearing that their long-term risk of arterial thrombosis is 
≈30% than when they are told it is ≈3%.

In line with the results of several hospital-based stud-
ies and those of a recent population-based study,2,24 our 
findings also showed that hematoma location is a strong, 
independent predictor of recurrent ICH but has no effect 
on the long-term propensity to arterial thrombosis. This 
on the one hand emphasizes the potential bleeding- 
promoting effect of the underlying cerebral amyloid angi-
opathy in cases of lobar ICH location and on the other 
hand suggests that the magnitude of the prothrombotic 
effect after ICH does not differ by ICH location.

Strengths and Limitations
MUCH-Italy combines the advantages of a prospective, 
multicentric, hospital-based recruitment, enabling a large 
sample size with detailed and standardized data collec-
tion with few missing data, with a long-term systematic 
assessment of all major vascular events. Notably, as 
opposed to most previous studies that recorded data on 
vascular risk factors and secondary prevention therapy at 
patient discharge, our study provides information on their 
eventual variations or occurrence, as well as their treat-
ment during follow-up at the individual level. Moreover, it 
encompasses stroke recurrences but also extracerebral 
thrombotic and hemorrhagic events among the outcome 
measures and incorporates specific ICH characteristics 
(such as hematoma location and HE) in the prediction 
model. But our study also has some limitations. First, it 
covers a long period of time, which makes it subject to 
variability in vascular imaging technology, estimation of 
the prevalence of historical risk factors, and therapeutic 
options. Furthermore, data on some variables (ie, smok-
ing habit and alcohol intake) were self-reported, which 
cannot exclude the unavoidable risk of misclassifica-
tion. Second, we do not have reliable information on how 
effectively risk factors were controlled in the follow-up. 
For example, although long-term compliance with antihy-
pertensive therapy was high in our cohort with ≈100% of 
patients regularly taking the recommended medication, 
it does not necessarily implicate adequate reduction of 
blood pressure in clinical practice. In addition, the study 
protocol did not include any formal assessment, other 

Figure 2. Predictive performance of the MUCH (Multicenter 
Study on Cerebral Haemorrhage) score.
Receiver operating characteristic (ROC) curves to obtain the C 
statistic for arterial thrombotic events at 1 y (A), 5 y (B), and 10 y (C). 
AUC indicates area under the receiver operating characteristic curve; 
FP, false positive; and TP, true positive.
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than the clinical interview with the patient, of individual 
noncompliance with antithrombotic medications or with 
international normalized ratio values at follow-up evalua-
tion, which may have artificially increased the long-term 
risk of arterial thrombosis. Third, we cannot exclude that 
the long-term effect of resuming antithrombotic medica-
tions and statins we observed might be prone to con-
founding by indication, and, hence, these findings need to 
be confirmed by those of the randomized trials currently 
underway (https://www.clinicaltrials.gov; unique identi-
fier: NCT03950076, NCT03243175, NCT03907046, 
and NCT03936361). Fourth, while the MUCH score 
has an acceptable predictive performance at 1 year and 
at 10 years, it appears less reliable at 5 years, which, 
in clinical practice, implies caution when using this tool 
for midterm prediction. Moreover, although we have 
internally validated the MUCH score by 10-fold cross-
validation, external validation on an independent cohort 
would further strengthen its clinical value. Fifth, since we 
did not include the magnetic resonance imaging data in 
our analysis, we cannot estimate how relevant imaging 
biomarkers of cerebral small vessel disease at baseline 
might be in predicting the risk of vascular events over 
time. Finally, our results are based on an Italian popula-
tion and might not be generalizable to other countries or 
ethnicities.

Conclusions
In a large cohort of Italian patients with ICH, we found 
that the risk of subsequent arterial thrombotic events is 
associated with modifiable risk factors, the most promi-
nent of which is comorbid AF, and it can be reliably esti-
mated in clinical setting by a simple risk score based on 
the combination of these factors. Our findings, in par-
ticular, emphasize the importance of extending the use 
of secondary prevention treatments (ie, antithrombotic 
therapy and statin medications) into the long term. Imple-
mentation of appropriate therapeutic and lifestyle treat-
ment strategies in these patients is likely to impact the 
individual susceptibility to vascular recurrence.
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