

[image: image1]
Remote diffusion-weighted imaging lesions and blood pressure variability in primary intracerebral hemorrhage












	
	TYPE Original Research
PUBLISHED 20 September 2022
DOI 10.3389/fneur.2022.950056






Remote diffusion-weighted imaging lesions and blood pressure variability in primary intracerebral hemorrhage

Xuhua Xu1,2†, Shuangshuang Peng1,3†, Yanli Zhou1,3, Jiawen Li1, Lusha Tong1* and Feng Gao1*


1Department of Neurology, The Second Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou, China

2Department of Neurology, The Fourth Affiliated Hospital, Zhejiang University School of Medicine, Yiwu, China

3Department of Neurology, Taizhou First People's Hospital, Taizhou, China

[image: image2]

OPEN ACCESS

EDITED BY
Tie-Qiang Li, Karolinska University Hospital, Sweden

REVIEWED BY
Christopher Lewandowski, Henry Ford Hospital, United States
 Yanlu Wang, Karolinska Institutet (KI), Sweden

*CORRESPONDENCE
 Feng Gao, 2202012@zju.edu.cn; Lusha Tong, 2310040@zju.edu.cn

†These authors have contributed equally to this work

SPECIALTY SECTION
 This article was submitted to Stroke, a section of the journal Frontiers in Neurology

RECEIVED 22 May 2022
 ACCEPTED 12 August 2022
 PUBLISHED 20 September 2022

CITATION
 Xu X, Peng S, Zhou Y, Li J, Tong L and Gao F (2022) Remote diffusion-weighted imaging lesions and blood pressure variability in primary intracerebral hemorrhage. Front. Neurol. 13:950056. doi: 10.3389/fneur.2022.950056

COPYRIGHT
 © 2022 Xu, Peng, Zhou, Li, Tong and Gao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Objective: The aim of this study was to examine the association between remote diffusion-weighted imaging lesions (R-DWILs) and blood pressure variability (BPV) in patients with primary intracerebral hemorrhage (ICH).

Methods: We conducted a retrospective review of a consecutive cohort of 375 patients with primary ICH within 24 h onset. R-DWILs were defined as hyperintensity lesions in DWI remote from the hematoma. Blood pressure recordings were extracted up to 24 h post-admission. BPV was measured using SD, coefficient of variation (CV), and successive variation (SV).

Results: Remote DWI lesions were detected in 65 (17.3%) primary ICH patients. In multivariable logistic regression analysis, parameters of BPV were independently associated with R-DWILs, and the results remained consistent after being adjusted with mean SBP. SD, CV, and SV values in the highest quintile, showed 3- to 8-fold increased risk of R-DWILs, compared with the lowest quintile. ΔSBP demonstrated a significant difference in 2 different predictive models. Max SBP only dictated a significant difference in model 1. Mean SBP, admission SBP, and min SBP, failed to present an association with R-DWILs in model 1 or model 2.

Conclusion: Our results provided additional evidence that BPV is associated with the development of R-DWILs in primary ICH.

KEYWORDS
  intracerebral hemorrhage, remote DWI lesions, blood pressure, standard deviation, coefficient of variation, successive variation


Introduction

Remote lesions identified using diffusion-weighted imaging (DWI) in primary intracerebral hemorrhage patients have been reported with an incidence of 11–41% (1). These DWI lesions (R-DWILs) are described as small, cortical, or subcortical, and are considered to be associated with worse outcomes (2). However, the mechanism and etiology of these lesions remain unclear.

It has been argued that aggressive blood pressure (BP) lowering in acute ICH may increase the possibility of cerebral hypoperfusion, and thus induce cerebral ischemia (3–5). Nevertheless, the causal relationship of BP lowering the risk of R-DWILs in acute ICH has not been clearly demonstrated yet. While several studies have demonstrated a positive correlation between BP lowering and R-DWILs (6–8), others have failed to find the relationship between them (2, 9, 10). However, these analyses were based on only limited parameters and few time point measurements of blood pressure, or just focused on the parameters of maximum BP, minimum BP, and maximum BP minus minimum BP.

There is increasing evidence supporting that not only the absolute value of BP values but also their variations over time contributing to cerebrovascular events, as well as the outcome (11, 12). Therefore, the aim of this study was to clarify the association of BP variability (BPV) during the first 24 h after primary ICH and the remote DWI lesions in a cohort having continuous BP measurements.



Methods


Study population

We reviewed our prospectively collected data from a consecutive enrolled patient cohort with acute primary ICH who were admitted to the department of neurology at the Second Affiliated Hospital of Zhejiang University between November 2016 and October 2019. Patients were included in this study if they had acute primary ICH within 24 h of symptom onset, and magnetic resonance imaging (MRI), including DWI, apparent diffusion coefficient (ADC), and fluid-attenuated inversion recovery (FLAIR) sequences. Patients with ICH due to aneurysms, vascular malformations, moyamoya disease, cavernous hemangioma, head trauma, cerebral venous thrombosis, hemorrhagic transformation after ischemic infarction, or neoplasm were excluded. Patients were also excluded if they had inadequate BP data. The study protocol was approved by the institutional Human Research Ethics Committee of the Second Affiliated Hospital of Zhejiang University.



Baseline data

Demographic data (age, gender, time from symptom onset to MRI), medical history [hypertension, diabetes mellitus, atrial fibrillation (AF), coronary heart disease (CHD) previous ischemic stroke or transient ischemic attack (IS/TIA), previous ICH, smoking, alcohol], laboratory results [hemoglobin, platelet, white blood cell (WBC), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), fasting blood glucose (FBG), C-reactive protein (CRP)], as well as clinical assessments [National Institutes of Health Stroke Scale (NIHSS) scores on admission] were collected in all patients. Hematoma volume was calculated using the ABC/2 method based on initial computed tomography (CT) scan (13), and hematoma locations were categorized as lobar, deep, or mixed (presence of lobar and deep hematoma simultaneously).



Blood pressure (BP) measurements and parameters

All patients underwent on admission a non-invasive BP monitoring (Mindray IMEC8, Shenzhen, China) over the first 24 h after symptoms onset. Standard arm cuffs suitable for arm circumferences ranging from 25 to 35 cm were supplied. The supine BP was measured in the non-paretic arm using an oscillometric method, which is clinically proven to produce fast and reliable results. Systolic BP (SBP) and diastolic BP (DBP) readings were obtained every 2 h in the first 24 h. The parameters of BP variability were derived manually, including SD, coefficient of variation (CV, defined as SD/mean ×100), and successive variation (SV). SV is the square root of the average difference in BP between successive measurements. We also measured admission, average (mean), maximum (max), minimum (min), and difference between max and min (Δ) of BP. Treatment of BP was performed according to guideline recommendations and the physician' discretion. We screened for patients who were prescribed antihypertensive medication in the first 24 h, that was classified as a continuous infusion, intermittent infusion, and oral medication.



Magnetic resonance image (MRI) acquisition

MRI was performed on 1.5-Telsa (Sonata, Siemens, German) with a standardized protocol consisting of axial T1-weighted, T2-weighted, T2 FLAIR, DWI, and apparent diffusion coefficient (ADC) sequences. Axial DWI sequences were acquired based on following parameters: repetition time [TR] 3,100 ms, echo time [TE] 84 ms, b = 0/1000s/ mm2, 6-mm slice thickness, 0.5-mm gap, FOV 230 mm, base resolution 176, phase resolution 100%, voxel size, 1.3 ×1.3 ×6 mm.

Remote DWI lesions were defined as hyperintensity lesions in DWI and <20 mm in diameter, with a corresponding hypo-intensity in the ADC map (14). Those DWI lesions which are close to the hematoma (<20 mm) were excluded. Two neurologists of the stroke specialty (LT and FG) read the data of R-DWILs independently and reached a consensus (Kappa = 0.94).

White matter hyperintensity (WMH) was identified as hyperintensity on FLAIR sequences (15). Periventricular white matter hyperintensity (PWMH) and deep white matter hyperintensity (DWMH) were assessed, respectively, according to the Fazekas scale with scores grading from 0 to 3. A total score >2 was defined as high-grade WMH in the present study.



Outcomes evaluation

We collected standardized functional outcomes [modified Rankin Scale (mRS)] at 3 months by telephone or in-person interviews. An unfavorable outcome was defined as mRS of 4–6 at 3 months. All outcome data were obtained by examiners certified in the mRS. The examiners were blinded to each patient's clinical course and radiographic imaging.



Statistical analysis

In our study, categorical variables were presented as percentages, and continuous variables were presented as mean standard deviation if normally distributed or median (interquartile range) if not normally distributed, which were checked by the Shapiro–Wilk test. We compared the demographic, clinical characteristics, and BPV parameters of patients with and without R-DWILs using the χ2 test and Fisher's exact test for categorical variables, and the independent-sample t test or the Mann–Whitney U test for continuous variables, as appropriate. The proportion of patients with R-DWILs was then compared according to quintiles of each of the BPV parameters (Q1 means lowest quintile group and Q5 means highest quintile group). Finally, binary logistic regression analysis was performed to assess the independent association of each BP parameter, as quintiles, with the presence of R-DWILs. Model 1 involved variables with p < 0.10 in the univariate analysis as well as those which are known to have a definite association with the R-DWILs in clinical practice. Because BPV increases proportionally to the increased BP level, model 2 was adjusted using mean BP besides model 1 variables. All covariates were proved to be independent using the likelihood ratio test. To avoid the risk of multicollinearity caused by including highly correlated variables in the same model, we replaced each variability parameter one by one instead of including all the BP variability parameters in one model. Regarding that binary regression might create artificially significant values, Spearman's correlation analysis was performed to explore associations between BPV parameters, as continuous variables, and R-DWILs numbers. Then, multiple linear regression analysis was used with the covariates mentioned above. All the assumptions for linear regressions were met. We also undertook an exploratory analysis to compare BP variability in patients with mRS scores of 0–3 vs. 4–6. A p-value <0.05 was considered to be statistically significant. All statistical analyses were carried out using SPSS Version 24.0 (IBM Corp., Armonk, NY, USA).




Results

Of the 976 cases enrolled within the timeframe of analysis, a total of 515 were included in the final analysis (Supplementary Figure S1 presents the inclusion and exclusion flow chart). Table 1 shows the overall characteristics of the cohort as well as characteristics stratified by the presence or absence of R-DWILs (Figure 1 for a representative case example). Overall, 17.3% of patients had 1 or more DWI lesions (median 1, range 1–8). Their median diameter was 7 mm (range 2–18 mm). At baseline, patients with DWI lesions were older, and more likely to have higher FBG and higher grade WMH (Table 1). The time interval from ICH onset to finishing MRI was comparable between patients with [median 6, IQR (interquartile range) 3] and without R-DWILs (median 5, IQR 3).


TABLE 1 Comparison of baseline characteristics between patients with and without R-DWILs.
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FIGURE 1
 A representative example of R-DWILs. In a 92-year-old female with right occipital lobe hemorrhage (A), diffusion-weighted imaging (DWI) shows a small remote ischemic lesion on the left frontal lobe (B), with corresponding low signal intensity in the apparent diffusion coefficient (ADC) map (C).


In univariate analysis, patients with R-DWILs had greater SBP variability compared with those without, while evaluated by 3 indices of SD, CV, and SV respectively (Table 2). Other SBP variables associated with R-DWILs included mean SBP, max SBP, and ΔSBP. After these SBP variables were categorized into quintiles, the 3 BPV variables were all associated in a graded fashion with R-DWILs (p-values ranging from <0.01 to <0.001), as well as max (p = 0.007) andΔSBP (p = 0.011), while mean, minimal SBP or SBP on admission were not associated (Figure 2).


TABLE 2 Comparison of SBP profiles between patients with and without R-DWILs.
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FIGURE 2
 Proportion (as a percentage) of patients with R-DWILs according to quintiles (Q1: lowest quintile group, Q5: highest quintile group) of each blood pressure variability parameter. The p-values are for the χ2 test for linear trend.


In multivariable logistic regression analysis, parameters of BPV were independently associated with R-DWILs, and the results remain consistent after adjusting with mean SBP (Table 3). SD, CV, and SV values in the highest quintile, showed 3- to 8-fold increased risk of R-DWILs, compared with the lowest quintile. ΔSBP also reached a significant difference in model 1 (p = 0.019), and marginally significant difference in model 2 (p = 0.050). Max SBP achieved significant difference in model 1 (p = 0.024), while failed to reveal significance in model 2 (p = 0.122). In contrast, mean SBP, admission SBP, min SBP, was not consistently associated with R-DWILs. Besides, we also applied a sensitivity analysis exploring the associations between SBP variability and R-DWILs number, and similar results were found (Supplementary Tables S1, S2).


TABLE 3 Effects of 1 quintile increment in BPV parameters and R-DWILs.
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At 3 months, mRS assessments were completed on 335 patients (89.3%), and unfavorable outcomes (mRS 4–6) occurred in 84 patients (25.1%). In univariate analysis, BPV parameters were not associated with unfavorable outcomes at 3 months, although there was a tendency for increased SV SBP in the worse functional outcome group (p = 0.057, Supplementary Table S3).

In addition, parameters of DBP variability were not associated with R-DWILs in univariate analysis (Supplementary Table S4).



Discussion

This study found that in the acute phase of ICH, BPV within the first 24 h after admission was strongly associated with R-DWILs independently. Furthermore, BPV was a more consistent and sensitive parameter related to R-DWILs than other classic measurements of BP magnitude, such as SBP on admission, maximum SBP, minimum SBP, and max SBP minus min SBP. BPV values located in the highest quintile showed an increased 3- to 8-fold risk of R-DWILs occurrence compared with the lowest quintile BPV values.

Blood pressure has been considered as an important therapeutic target in acute ICH since it is frequently elevated especially in the acute phase and higher values are associated with an increased risk of early deterioration, hematoma growth, and worse functional outcome (16, 17). However, highly rigorous BP reduction has not shown definite benefits in reducing mortality or severe disability in randomized trials (3, 4). It is argued that aggressive BP lowering may also increase the possibility of cerebral hypoperfusion, especially in the case of impaired cerebral autoregulation, and thus induce cerebral ischemia, which outweighs the benefit of reduction in hematoma growth (5). Prior studies have yielded conflicting results on the association between BP lowering and remote DWI lesions (2, 6–10). However, these analyses were based on only a few measurements of blood pressure, with the varied time intervals between ICH onset and image acquisition time. We examined various parameters of BP variability, including SV, a parameter that reflects the time sequence of measurements and may represent more physiologically relevant variation (18). In this context, our study provided more convincing evidence that DWI lesions are most likely associated with SBP variability instead of absolute decrease in SBP.

The association of SBP variability and R-DWILs indicated that fluctuation of SBP in the early stage of ICH may contribute to the formation of R-DWILs, which may have important implications for acute BP management in the setting of ICH. This hypothesis is supported by the fact that DWI lesions were noted more frequently in the acute stage of ICH compared with the non-acute stage (1), a period when BP change is the most dramatic. It is widely accepted that SBP variability in the early hours after ICH is closely related to death or early neurological deterioration or poor functional outcome within 90 days (19–21). Recently, a combined analysis of Intensive Blood Pressure Reduction in Acute Cerebral Hemorrhage 2 (INTERACT2) trial and the Antihypertensive Treatment of Acute Cerebral Hemorrhage II (ATACH-II) trial also revealed that a great change in blood pressure within the first hour was particularly associated with worse outcomes, and may be harmful (12). In these analyses, the authors suggested that poor prognosis may be caused by the promotion of hematoma enlargement and perihematomal edema due to significant BPV. Based on the results of our study, it is also possible that the association between BPV and poor prognosis may be partly due to the greater incidence of R-DWILs in these populations of greater BP fluctuation. The lack of association between BPV and unfavorable outcomes in our study may be due to the fact that we largely focused on BPV in the later time window, 24 h window after onset, when BP tends to be stable. Our findings are of particular interest since a growing body of evidence has shown that R-DWILs are not uncommon after ICH, and can result in a worse outcome, whereas the mechanism and etiology of these lesions remain unclear (2). However, our findings do not necessarily imply a direct causal relationship of BPV in determining R-DWILs. It is still possible that patients with R-DWILs may be more likely to experience BP variations.

The association between a max drop of SBP and R-DWILs in our study aligns with the findings of Kidwell et al.' s study enrolling 600 patients with primary ICH from the Ethnic/Racial Variations of Intracerebral Hemorrhage (ERICH) cohort, in which greater changes in mean arterial pressure (MAP) prior to the MRI were significantly associated with the presence of DWI lesions (7). Another study conducted by Buletko et al. also demonstrated that, after institutional protocol change in SBP target from <160 to <140 mmHg for acute ICH, there was an increased rate of cerebral ischemia in patients with SBP target <140 mm Hg (6). Conversely, in a more recent pooled analysis of 3 randomized clinical trials (Minimally Invasive Surgery Plus Alteplase for Intracerebral Hemorrhage Evacuation phase 3 [MISTIE III] trial, ATACH-II trial, and Intracerebral Hemorrhage Deferoxamine [i-DEF] phase 2 trial) and 1 multicenter prospective study (ERICH), which was conducted by Murthy et al., SBP reduction was not associated with DWI lesions (2). However, data on BP was mostly available only at 2 time points, which surely cannot reflect real BP control status during the acute phase of ICH. Besides, we found that median SBP changes over 24 h, were similar to the drop seen in patients in Kidwell et al.' s (7) and Buletko et al.' s study (6), while SBP drop in Murthy et al.' s study is more stable (2), which may have resulted in the negative association between BP reduction and R-DWILs in Murthy et al.' s study. The lack of association between min SBP and R-DWILs also indicates that it is the procedure of BP reduction that matters, rather than the particular SBP target. Further studies may be warranted to dogmatically determine whether or to what extent BP reduction is needed.

We also found that max SBP achieved a significant difference in model 1, but did not remain significant after adjusting for mean SBP in model 2. Besides, we failed to find an association between admission SBP and R-DWILs. In prior studies, several studies have reported an association with admission SBP (2, 7, 8), whereas other studies have reported null results (10, 14). It is assumed that higher SBP may precipitate cerebral vasospasm, which leads to small DWI lesions (7). Given this assumption, max SBP during the initial hours of ICH may be more closely linked with R-DWILs compared with admission SBP. The reason why the association between max SBP and R-DWILs was not shown in model 2 may partly be due to the small sample size, and this requires confirmation in larger prospective studies.

It is noteworthy in the present study that the variability parameters for SBP were more closely related to R-DWILs than those for DBP. Previous studies about BP variability and ICH outcome have also reported that SBP variability might be more closely correlated with ICH outcome than either mean DBP or DBP variability (21, 22), although the reasons are still unrevealed.

This study has several limitations. First, our cohort may have a selection bias toward patients with milder hemorrhages due to MRI image requirements. Second, we did not differentiate varieties of BP-lowering medications, resulting in the inability to assess the effects of specific antihypertensive agents. Third, we did not assess the impact of BPV in the hyperacute period of ICH due to the limitation of patients, during which hemodynamic changes are most prominent. Furthermore, given the small size of R-DWILs, 6 mm slice thickness with 0.5 mm gap to acquire DWI sequences could cause a large measuring error, as well as T2 shine-through calculated based on b0.

In conclusion, the results of our study revealed that SBP variability during the first 24 h after ICH ictus was independently associated with remote DWI lesions. This finding implies an effort to maintain BP stably instead of rigorously during the acute stage of ICH. Further studies with longer and more comprehensive BP surveillance are required to confirm the influence of blood pressure on not only R-DWILs but also hematoma growth and neurological outcome after ICH.
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