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This study aimed to compare clinical and prognostic characteristics between recurrent and first-ever ICH. Four thousand twelve patients entered the study, and 64% of them were male. The median age is 62 years (interquartile range, 55–71). Among them, 3,750 (93.5%) patients had no experience of previous ICH, and 262 (6.5%) patients were considered as recurrent ICH. We compared demographic data, baseline clinical characteristics, imaging information, hematological parameters, and clinical outcomes between recurrent and first-ever ICH. We found that recurrent ICH was significantly associated with older age, more frequent history of ischemic heart disease, ischemic stroke, hypertension, and hyperlipidemia, while patients with recurrent ICH had previously received more antihypertensive therapy, and showed lower admission blood pressure (median, 160 vs. 167 mmHg) and higher baseline of National Institute of Health stroke scale (NIHSS) score (median, 10 vs. 9). We also demonstrated that recurrent ICH was an independent risk factor of 3-month function dependence after adjusting for many potentially competitive risk factors.
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INTRODUCTION

Intracerebral hemorrhage (ICH) is a more devastating disease than ischemic stroke, features a high mortality rate of 25–50% within a month (Lozano et al., 2012; Li et al., 2021), and the survivors remain at high risk for recurrence. Currently, ICH recurrence rates have been reported up to 2% in 1 year, and 9.6% in 5 years (Hill et al., 2000; Huhtakangas et al., 2013), and recurrent ICH seems to be more disabling or fatal than first-ever ICHs (Pennlert et al., 2014; Skajaa et al., 2021).

Despite various studies that have been conducted to search for candidate risk factors of ICH recurrence (Biffi et al., 2020, 2021; Miki et al., 2020; de Courson et al., 2021; Park et al., 2021a,b; Pinho et al., 2021), the clinical and prognostic characteristics of recurrent ICH have only received limited attention. Indeed, a reliable analysis of recurrent ICH is urgently required to guide the management strategies for secondary prevention and assess the cost-effectiveness of treatment, thereby improving the prognosis of patients. Importantly, controversy still surrounds whether recurrent ICH should be considered as an independent risk factor for adverse outcomes, because recurrent ICH may exhibit a distinguished baseline patient characteristics from first-ever ICH.

To this end, we conducted a population-based cohort study using a nationwide representative sample from the Chinese cerebral hemorrhage: mechanism and intervention (CHERRY) study, to compare clinical and prognostic characteristics between recurrent and first-ever ICH.



MATERIALS AND METHODS


Study Population

We use a representative sample from the CHERRY study. This study included 4,012 patients in 31 medical institutions from December 2018 to March 2021. The ethics of the study is in line with the principles expressed in the Declaration of Helsinki. The local institutional review board approved all aspects of the study (ethical approval number: 2018-S485).



Inclusion and Exclusion Criteria

Patients were included according to the following criteria: (1) clinically confirmed spontaneous ICH, which is defined as non-traumatic bleeding into the brain parenchyma confirmed by CT scan (de Oliveira Manoel et al., 2016); (2) 18 years or older; (3) the onset to admission time within 7 days. Exclusion criteria constituted: (1) traumatic ICH; (2) ICH colocalized with primary subdural/epidural/subarachnoid hemorrhage; (3) post-infarct hemorrhagic transformation; (4) hemorrhage after thrombolysis.



Data Collection

The following data were collected: (1) demographic data, including age, gender, medical history, medication history (prior use of antithrombotic and antihypertensive agents); (2) admission data, including baseline blood pressure, the modified Rankin Scale (mRS), the National Institute of Health stroke scale (NIHSS), and the Glasgow Coma Score (GCS), imaging data, such as hematoma location, hematoma volume, and intraventricular hemorrhage (IVH); (3) hematological parameters; (4) the structural lesions, medication, amyloid angiopathy, systemic disease, hypertension, and undetermined (SMASH-U) etiology of ICH. Recurrent ICH was defined as any ICH ≥ 24 h after the first incident event (Coulland Rothwell, 2004). All recurrent ICHs were symptomatic with a newly occurred focal neurologic deficit or decreased level of consciousness, vomiting, headache, etc. The CT scan was performed to confirm the diagnosis of recurrent ICH. Medication history was defined as taking antithrombotic (antiplatelet or anticoagulation) or antihypertensive agents within 30 days before hospitalization for ICH. Alcohol drinking refers to patients who drink regularly, with more than one unit of alcohol (equals to 360 ml of beer, or 50 ml of white wine, or 120 ml of red wine) a week. Experienced neurologists performed the imaging analyses based on the initial CT scan, and hematoma volume was calculated using the ABC/2 formula.



Clinical Outcomes

The primary outcome is death and functional dependence referred to the mRS score of 3–6 at 90 days. The second outcomes are 30-day functional dependence, and in-hospital, 30-day and 90-day death.



Statistical Analysis

The continuous or discrete variables were presented as median with interquartile, and categorical variables were presented as percentages. Univariate analysis was analyzed using the χ2 test and Mann–Whitney U test for categorical variables and continuous variables, respectively. Non-normally distributed continuous variables were categorized based on clinical and statistical significance in the subgroup analysis. All variables of univariate analysis with a P-value < 0.1 were included in the multivariate regression model. All tests were two-tailed and a P-value < 0.05 was considered significant. Statistical analyses were performed using SPSS software (version 27.0) and R software (version 4.1.2).




RESULTS


Baseline Characteristics of Participating Subjects

After exclusion for ineligible patients, a total of 4,012 patients were entered into the study (see the patient enrollment flowchart in Figure 1). Among them, 64% of patients were male and the median age is 62 years (interquartile range, 55–71). Three thousand seven fifty (93.5%) patients had no experience of previous ICH, and 262 (6.5%) patients were considered as recurrent ICH. The baseline clinical characteristics of patients grouped by recurrent and first-ever ICH are summarized in Table 1.
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FIGURE 1. The patient enrollment flowchart.



TABLE 1. Comparisons of demographics and clinical characteristics between patients with first-ever ICH and recurrent ICH.
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In contrast to the first-ever ICH group, recurrent ICH patients were in older median age, having a more frequent history of smoking, alcohol drinking, ischemic stroke, ischemic heart disease, hypertension, and hyperlipidemia, accompanied with higher baseline NIHSS score. Meanwhile, recurrent ICH patients had previously received more antihypertensive therapy and featured lower admission blood pressure (median, 160 vs. 166 mmHg). Among admission laboratory tests, recurrent ICH was found related to lower alanine transaminase (ALT), total cholesterol (TC), total triglycerides (TG), high-density lipoprotein cholesterin (HDL-C), and international normalized ratio (INR). Moreover, ICH etiologies of amyloid angiopathy and hypertension were obsevered more frequently in recurrent ICH than first-ever ICH. However, there was no significant difference in the volume and location of a hematoma between the two groups.



Recurrent Intracerebral Hemorrhage and Clinical Outcomes in Contrast to First-Ever Intracerebral Hemorrhage

When clinical outcomes are compared between recurrent and first-ever ICH, recurrent ICH was associated with more 3-month functional dependence (Table 2), with the distribution of 3-month mRS, as provided in Figure 2. After adjusting for these competitive risk factors, including age, smoking, alcohol drinking, history of ischemic heart disease, ischemic stroke, hypertension, and hyperlipidemia, the previous antihypertensive agent, baseline mRS, and NIHSS, SMASH-U etiology, admission systolic blood pressure (SBP), ALT, TC, TG, HDL-C, and INR, the odds ratio (OR) of recurrent ICH was 1.545 (95% CI, 1.029-2.319) for functional dependence at 3 months.


TABLE 2. Odds ratio (OR) and 95% CI of Clinical Outcomes.
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FIGURE 2. The distribution of 3-month modified Rankin Scale (mRS) of recurrent and first-ever intracerebral hemorrhage (ICH).




Subgroup Analysis of the Association Between Recurrent Intracerebral Hemorrhage and Primary Outcome

We further conducted a subgroup analysis on the above logistic regression results. No statistically significant interaction between recurrent ICH and these interesting factors was observed (all P-values of interaction are greater than 0.05; Table 3).


TABLE 3. Subgroup analysis of the association between recurrent ICH and 3-month functional dependence.
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DISCUSSION

Our study showed that: (1) recurrent ICH was significantly associated with older age, more frequent history of ischemic heart disease, ischemic stroke, hypertension, hyperlipidemia, and higher baseline NIHSS score; (2) patients with recurrent ICH had previously received more antihypertensive therapy and showed lower admission blood pressure; (3) recurrent ICH was independently associated with poor 3-month functional outcomes.

Our analysis revealed that age, previous ischemic stroke, hypertension, and hyperlipidemia show significant group differences between recurrent and first-ever ICH patients. These are all the examined risk factors of ICH recurrence (Raffeld et al., 2015; Biffi et al., 2021; Pinho et al., 2021). Although age and medical history cannot be reversed, the risk of ICH recurrence may be reduced by preferable management strategies.

Intriguingly, patients with recurrent ICH exhibited even lower admission blood pressure, which may be attributable to the previous applications of the antihypertensive agents. Also, it is noteworthy that the admission SBP of patients with recurrent ICH was still as high as 160 (quartile, 145–177) mmHg, although it may be affected by an acute hypertensive response (Hawkesand Rabinstein, 2021). It is unclear whether this difference in blood pressure affects prognosis, as the recent, large, randomized, and controlled trials have not shown any benefit of intensive hypotension (≤160 mmHg) after ICH (Anderson and Qureshi, 2015; Qureshi et al., 2020). It may be speculated that blood pressure in patients, after the first ICH, has still not received enough attention. Effective management of hypertension should be pursued for the secondary prevention of ICH, especially in the Chinese population, which is characterized by suboptimal blood pressure control.

Moreover, our results revealed that patients with recurrent ICH showed lower total serum cholesterol, which has been considered inversely associated with ICH recurrence in previous studies (Koch, 2011; Baang and Sheth, 2021), although lipid control is often necessary for patients with ICH, concerns should remain whether intensive lipid-lowering is necessary for patients with recurrent ICH (Gurevitz et al., 2022). Meanwhile, the patients with recurrent ICH showed statistically lower ALT (17 vs. 18 U/L, P = 0.04), but ALT was almost within the normal range in both groups. This may be due to the improvement in liver function caused by the patient’s lifestyle optimizations after the cerebral hemorrhage, such as avoiding alcohol and high-fat diets.

Most importantly, the patients with recurrent ICH showed a higher risk of functional disability compared with first-ever ICH (62.9% vs. 51.5%, P < 0.001). Most of the previous articles only studied the recurrence of ICH as one of the clinical outcomes, while few studies specifically investigated the prognosis of recurrent ICH (Miki et al., 2020; Park et al., 2021a,b; Pinho et al., 2021; Skajaa et al., 2021), and the proportion of patients with ICH with 90-day adverse outcomes that they reported was 40–56% (Anderson et al., 2013; An et al., 2017; Fukuda-Doi et al., 2021). We firstly demonstrated that recurrent ICH is an independent risk factor for 3-month poor outcome after adjusting for potentially competitive risk factors, and this result showed consistency among SMASH-U etiological subtypes. This means that even if the risk factors, such as blood pressure and blood lipid, are perfectly controlled after the first ICH, the risk of ICH recurrence is still higher than that of the healthy population. However, the specific mechanism remains to be further explored.

Our study is original and has several strengths: (1) we conducted a national multi-center and large-sample study; (2) we strictly reviewed previous disease history for decades; (3) numerous confounders were adjusted to determine the association between ICH recurrence and clinical outcomes. After all, the limitations of our study lie in that: (1) lack of continuous monitoring to clinical characteristics, such as blood pressure and plasma glucose; (2) The enrolled patients were all Chinese.
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Interactions between recurrent ICH and interesting factors on the primary outcome
were tested by the likelihood ratio test with adjustment for variables in Table 1
unless the variable was used as a subgroup variable. NIHSS, National Institutes of

Health Stroke Scale; OR, odds ratio.

#Subgroup analysis cannot be performed because the sample size is too small in

the medication group.
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