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Background and Purpose: Optimal blood pressure (BP) targets after endovascular therapy (EVT) for acute ischemic stroke (AIS) still need to be assessed, especially according to the recanalization status. Facing the lack of randomized controlled trials addressing this question, we performed a systematic review of studies assessing the post-EVT BP impact on functional outcome and symptomatic intracranial hemorrhage (sICH).

Methods: Studies published after January 1, 2012 were included in the systematic review. The PRISMA checklist and flow diagram were followed for the design and reporting of this work.

Results: Five studies were included in the present analysis. Despite a significant heterogeneity among studies which precluded a meta-analysis, systolic BP (SBP) was the most frequently used parameter to describe BP. BP variability (standard deviation, successive variability) after EVT was associated with worse functional outcome, especially in studies without specific BP targets after successful EVT. Lower BP values after successful EVT were associated with lower odds of sICH. Four studies evaluated the post-EVT BP impact on recanalized patients solely, with only one specifically addressing the impact of a TICI 2B vs. 2C. Interestingly, SBP reduction was inversely associated with worse outcomes in TICI 3 patients but not in TICI 2B patients, pointing to the potential value of BP management according to the exact TICI.

Conclusions: BP post-EVT seems to be associated with worse functional outcomes and sICH. However, given the important heterogeneity depicted among the included studies, no decisive conclusion can be made from this systematic review, thus underlying the urgent need of randomized controlled trials evaluating this question.
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INTRODUCTION

With reperfusion rates currently exceeding 90% at the end of procedure (1), endovascular therapy (EVT) is now the reference treatment of acute ischemic strokes (AIS) with an anterior large vessel occlusion (LVO) (2). However, 3-month functional outcomes still remain poor with almost 50% of recanalized patients having an unfavorable outcome (3). Among the several reasons for this result, recent lines of evidence have shed light on the role of blood pressure (BP) management before (4), during (5), and after EVT (6–9). In contrast to the BP management of patients exclusively treated by intravenous thrombolysis, the hemodynamic management of LVO treated by EVT could be intuitively seen as bi-phasic. Simply stated, the pre-reperfusion phase would thus prevent hypotension in order to avoid any extension of the ischemic penumbra; (10) while the post-reperfusion phase could prevent reperfusion lesions or symptomatic intracranial hemorrhage (sICH) in case of reperfusion, (6, 11) or extensive infarct growth in case of incomplete reperfusion (12). That said, current international guidelines for BP management during and after EVT do not seem to discriminate BP management between the two treatments situations, (2) mainly because no randomized controlled trial (RCT) has ever evaluated this strategy.

Numerous observational studies have recently outlined the association between higher post-reperfusion BP values and sICH or worse functional outcomes, notably according to the reperfusion status (6–9, 11, 13–25). A recent systematic review and meta-analysis focusing on mean systolic BP (SBP) and diastolic BP (DBP) suggested that increased BP after EVT was associated with sICH and 3-month functional dependence (26). Still, many questions remain unanswered such as the specific BP target to achieve, the best pharmacological approach according to the reperfusion status and the impact of BP variability after EVT. Therefore, we sought to perform an additional narrative systematic review of studies addressing the effect of BP after successful EVT on functional outcome and/or sICH. Here, we discuss in detail the impact of different BP parameters (steady vs. dynamic) after successful EVT on primary and safety outcomes, as well as the design of upcoming RCT in this area.



METHODS

The authors declare that all supporting data are available within the article (and its online Supplementary Files).

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (27) checklist and flow diagram were followed for the design and reporting of this work, as detailed below (27).


Searching Strategy

Two independent authors (BM, FD) performed a systematic search on PubMed and Scopus database on May 3, 2020 to screen studies published in English after January 1, 2012. This date was chosen for two main reasons: (1) previous screening of the literature published prior to 2012 showed that EVT was mainly performed using intra-arterial tPA and with “older generation” devices, (2) SOLITAIRE FR (the main device used in randomized trials that showed benefit of EVT) was approved by the FDA in 2012. The search strategy developed for MEDLINE using MeSH terms and Scopus databases are detailed in Supplementary Table 1.



Study Inclusion

We included studies that met the following criteria: (1) patients with AIS consecutive to anterior LVO; (2) >90% of the study patients treated with EVT (with or without intravenous thrombolysis) using first or second generation devices; (3) systematic BP monitoring after EVT; (4) sICH and/or functional outcome assessment at 3 months using the modified Rankin scale (mRS) according to BP data and (5) main analysis on successful reperfused patients (mTICI 2B or 3). Studies evaluating the impact of intraoperative hemorrhage on functional outcomes were excluded, as this topic is beyond the scope of this review. Finally, overlapping data (same patient data used in >1 publications) for the outcomes of interest were taken into accounts, owing to the narrative and exploratory nature of the present analysis.



Data Collection and Extraction

Data were independently extracted from the selected articles by two readers (BM, FD) using a standardized case report form and discrepancies were solved by consensus. The items extracted are available in the Supplementary Material. Our search yielded to 11 different definitions of hemodynamic parameters which precluded any meta-analysis of association between hemodynamic parameters and outcomes (28).




RESULTS


Study Selection and Description

As illustrated in the flow chart (Figure 1) and in the Supplementary Methods, 18 studies evaluated BP impact after EVT (Supplementary Table 2) (6, 7, 9, 11, 13–19, 21–25, 29, 30). Among them, 5 studies were specifically designed to assess BP impact after successful reperfusion and were included for the present systematic review (Table 1, details in Supplementary Table 3) (6, 11, 13, 16, 30). All studies were retrospective, and four were multicentric.


[image: Figure 1]
FIGURE 1. Flow chart presenting the research database, the screening process and the number of included studies with reasons of exclusion.



Table 1. Characteristics of included studies with BP targets and BP modality of assessment.
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Hemodynamic Parameters and Treatments
 
Modality of BP Assessment, BP Targets and BP Variability After EVT

BP was monitored non-invasively after EVT in three studies, (6, 11, 16) both invasively and non-invasively according to the center in one study (30) and not mentioned in one study (13) (Table 1). Three studies proposed a BP target after EVT (11, 16, 30). Among them, one study proposed three BP targets: an intensive BP control (SBP < 140 mmHg), a moderate (SBP < 160 mmHg) and guideline-recommended BP control (SBP < 180 mmHg), (30) Table 1. The second study recommended an SBP < 180 mmHg after successful EVT (11) and the last one an SBP < 160 mmHg with thresholds between SBP < 140 or 160 mmHg according to the physician in charge (16).

Overall, SBP was the most studied parameter after EVT. Dynamic (BP variability) parameters consisted of standard deviation (SD), coefficient of variation (CV), successive variation (SV, being the square root of the average of squared difference between successive BP measures), BP range (maximum-minimum), SBP reduction ([admission SBP-mean SBP during the first 24 h/admission SBP] ×100) or BP fluctuation in relation to time (time rate: TR), Table 1. Steady BP consisted of mean (average) and time spent under different SBP threshold (mainly 130 or 140 mmHg).




Relationship Between BP After Successful EVT and Functional Outcome
 
Studies With Specific Post-EVT BP Targets

Among the three studies with specific post-EVT BP targets, two specifically assessed BP parameters with functional outcome after successful EVT (16, 30). In these studies, steady BP parameters consisted of an intensive BP control (SBP < 140 mmHg), which was associated with higher odds of good functional outcome compared with guideline-recommended BP targets (SBP < 180 mmHg) (30), while mean SBP > 130 mmHg (OR = 2.66 [1.11–6.41]) (16) was associated with poor outcome, Table 2. No dynamic parameters (BP variability) were evaluated in these studies with strict post-EVT BP targets.


Table 2. BP parameters associated with functional outcome in multivariate analysis, in the overall population and according to the reperfusion status.
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Studies Without Specific Post-EVT BP Targets

Two studies without specific post-EVT BP targets evaluated the association between dynamic BP parameters and functional outcome. In these studies, SBP reduction (OR = 0.97, [0.95–0.98]), (13) maximum SBP (OR = 0.90, [0.85–0.95]) (6) and SBP range (OR = 0.91, [0.86–0.96]) (6) were associated with a higher odds of poor functional outcome, Table 2. Of note, only the association between SBP reduction and functional outcome differed according to the specific reperfusion status [i.e., mTICI 2B vs. mTICI 3, (13) Table 2]. SBP reduction was inversely associated with poor functional outcome in patients with mTICI 3 but not in mTICI 2B patients (13). The reperfusion status did not modify the association between maximum SBP and SBP range with functional outcome.

Only one study without post-EVT BP targets assessed the association between steady BP parameters and functional outcome. SBP mean (OR = 0.86 [0.79–0.93]) was the only steady BP parameter associated with poor outcome in this study (6). Interestingly, the latter association was consistent regardless of the specific reperfusion status (TICI 2B or TICI 3, Table 2).




Relationship Between BP After Successful EVT and sICH

As depicted in Supplementary Tables 3, 4, there was a significant heterogeneity regarding sICH definition among the included studies. Overall, only one study specifically assessed the association between steady and dynamic BP parameters and sICH as a primary outcome (Table 1) (11).


Studies With Specific Post-EVT BP Targets

Among the studies with strict BP targets after successful EVT, only one dynamic BP parameter was associated with higher odds of sICH: time rate of SBP (OR = 1.71, [1.01–2.9]) (11). Of note, no steady BP parameters were associated with sICH in studies with BP control after successful EVT. Interestingly, sICH occurred in 3, 8, 5% in the intensive BP control group (SBP < 140 mmHg), moderate BP control group (SBP < 160 mmHg) and guideline-recommended group (SBP < 180 mmHg) and there was no significant association between these BP goals and the odds of sICH (30).



Studies Without Specific Post-EVT BP Targets

In contrast, more dynamic BP parameters were associated with sICH in studies without specific BP targets after successful EVT (Table 3). For dynamic BP parameters, SBP range (OR = 1.19, [1.08–1.30]) (6) and maximum SBP (OR = 1.23, [1.20–1.30]) (6) were associated with higher odds of sICH, regardless of the reperfusion status (TICI 2B vs. TICI 3). Interestingly, SBP SD (OR = 1.06, [1.01–1.13]) was associated with higher odds of sICH but this association differed according to the reperfusion status (significant in TICI 2B but not in TICI 3 patients, Table 3) (6). However, the analysis according to the specific reperfusion status was exploratory and only concerned a small number of patients (only 23 patients had sICH in the TICI 3 subgroup), limiting the interpretation of this result. Maximum and minimum DBP (OR = 1.19, [1.12–1.26] and OR = 1.33, [1.18–1.5], respectively) were also associated with higher odds of sICH, without any subgroup analysis available according to the reperfusion status (6).


Table 3. Blood pressure parameters associated with sICH in multivariate analysis, in the overall population and according to the specific reperfusion status.
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As for steady BP parameters, mean SBP, and mean DBP were associated with higher odds of sICH (6). Of note, the association between mean SBP and sICH differed according to the reperfusion status (significant in TICI 2B but not in TICI 3 patients, Table 3).





DISCUSSION

The present analysis suggests a potential varying effect of dynamic and steady BP parameters on functional outcome and sICH, respectively. Overall, SBP appeared to be the main parameter used. This systematic review highlights the significant heterogeneity in BP monitoring management, BP targets, and sICH definitions used after successful EVT across centers.

As previously described during EVT (5, 31), steady and dynamic BP parameters may also have a varying effect on functional outcome and sICH after successful EVT. No dynamic BP parameters were associated with functional outcome in case of BP control. This finding is of importance as BP control could prevent any abrupt BP variation responsible for infarct growth in case of successful but not complete reperfusion (i.e., mTICI 2B). This point has been recently illustrated by Anadani et al., in which SBP reduction after successful EVT was associated with an increased likelihood of good outcomes in patients with complete reperfusion (mTICI 3) but not in patients with successful but still incomplete reperfusion (mTICI 2B) (13). This hypothesis is consistent with previous data suggesting an infarct growth within days after treatment in case of successful recanalization but incomplete reperfusion (32, 33). Altogether, these data support the need to consider the exact reperfusion status after successful EVT for BP management. Indeed, mTICI 2B patients could be a population at risk and more prone to infarct growth in case of BP variability. Of note, three studies evaluated the reperfusion status with the mTICI score (6, 13, 30), but the other two studies assessed the reperfusion with the TICI score (11, 16). This difference could have had an impact on the grading of TICI 2 patients (some mTICI 2B, successfully reperfused patients being classified as TICI 2A in case of >50% but less than two-thirds) and could have influenced the studied associations.

In studies without strict BP protocols after EVT, several dynamic BP parameters were associated with increased odds of sICH. In contrast, only one study with a strict BP protocol displayed one BP parameter associated with sICH (Time rate of SBP: OR = 1.71, [1.01–2.9]) out of several BP variability parameters (11). On the contrary, no steady BP parameters were associated with sICH in case of BP targets after EVT. As stated by the authors, the TR of BP variation is a marker of beat-to-beat changes in BP and could therefore better reflect the speed of BP fluctuation and the change of consecutive BP data in time order, compared to traditional BP variability parameters (11). From a pathophysiological view, abrupt and sudden BP variability (including hypertension), taken into account with the TR of BP variation, could lead to blood-brain barrier breakdown and sICH (11, 34). These results seem crucial, as current recommended management (2) and future randomized controlled studies regarding BP after EVT only focus on fixed BP thresholds with no regards of BP variability. The present systematic review seems to underline how dynamic BP parameters are hidden factors that might have a strong negative impact on functional outcome and sICH occurrence. Further studies are needed to confirm the relevance of BP variability control on functional outcome and sICH respectively, so that the notion of BP fluctuation is considered in the upcoming guidelines.

Overall, two studies with strict BP control after EVT (SBP < 140 mmHg vs. SBP < 180 mmHg and SBP < 160 mmHg) described increased odds of favorable functional outcome but no such associations for sICH (16, 30). However, it remains difficult to explain with these evidences why this trend of favorable outcome (supposedly due to BP control) is not driven by a decreased rate of sICH. First, this result could be partly explained by the many different definitions of sICH among the included studies (Supplementary Table 4). Second, and as mentioned above, BP targets only concerned steady BP parameters (i.e., BP thresholds) and not BP variability control. As stated above, we found a differentiated effect of dynamic over steady BP parameters regarding sICH rates after EVT that could, partly, explain this finding. Third, this result must be interpreted with caution given from the fact that recent studies described an association between lower BP and lower odds of sICH (9, 21, 22). These studies were not included in the present work given their design (inclusion of patients with and without reperfusion, only subgroup analysis in reperfused patients). Finally, BP targets after EVT often result in greater use of anti-hypertensive treatments, some of which may have some neuroprotective properties independent of their BP lowering properties (35). Unfortunately, the exact type of antihypertensive treatment was not consistently reported. Morevover, intravenous thrombolysis use before EVT was not taken into account in these analyses. This point is worth mentioning, as IVT use is known to be associated with sICH occurrence and could have played a strong role according to different BP levels. Secondly, given the narrative nature of this review and possibly overlapping data in the included studies, further analysis could not be performed to test this association. Future studies are thus needed to assess the interaction in the relationship between BP parameters and sICH rates with IVT use before EVT.

In this systematic review, maximum DBP, minimum DBP, and mean DBP were strongly associated with sICH, but not with functional outcome. These associations are of great interest, as DBP is a rather rarely used BP parameter in AIS current practice. A recent study recently highlighted the impact of DBP on the cortical cerebral blood flow (36). As other low-resistance organs, the cerebral diastolic flow is crucial for the perfusion of the microvasculature (37). Recently, we also found an impact of DBP variability during EVT on functional outcome (31). Applied to the current study, it seems that maximum DBP and mean DBP were even more associated with sICH. As sICH are associated with microvasculature lesions in preclinical models, higher DBP levels after successful reperfusion could have had a crucial impact on small cerebral arteries and led to endothelial lesions, hence sICH. Clearly, this result deserves to be further explored through preclinical models of AIS and in larger populations in clinical research, to assess whether the impact of DBP is as relevant as that of SBP in the acute phase.

An individualized BP management after EVT, tailored to the patient's baseline characteristics could represent an alternative. To this end, Anadani et al. proposed a sub-analysis based on several key prognostic variables and found a possible varying effect of BP parameters among these characteristics (13). This tailored management is attracting growing attention, as shown by this recent study in which fixed BP thresholds were compared with autoregulation-oriented BP thresholds after EVT (38). By using Near-infrared spectroscopy-derived tissue oxygenation as a cerebral blood flow surrogate in response to mean arterial pressure (MAP) changes, an autoregulatory index was calculated to assess the BP ranges with autoregulation preservation (38). The percent time with MAP above the upper limit of autoregulation was associated with worse functional outcomes at 3 months and more hemorrhagic transformations (38). MAP was neither considered as a hemodynamic BP parameter, nor for BP targets in the present systematic review. However, MAP is relevant because of its indirect implication in cerebral autoregulation. This management deserves to be tested on larger cohorts before its generalization in everyday practice.

There are still uncertainties whether BP has a direct negative impact on functional outcome (or sICH), or is an important, but still indirect, marker of worse functional outcomes. The acute hypertension response is frequent in the setting of AIS and several factors, also known to be associated with worse functional outcomes, may trigger this response. Unfortunately, observational studies cannot fully resolve this issue, despite prospective collected data, large populations and elaborated multivariate analysis. To fully understand and resolve this issue, quality RCT are urgently needed. Several on-going RCT assessing the BP impact after successful EVT are proposing different designs. The Blood Pressure After Endovascular Stroke Therapy-II (BEST-II, NCT04116112) is a phase 2 study with the purpose to assess the safety of lowering BP after successful EVT (mTICI ≥ 2B). Three SBP targets ( ≤ 180 mmHg, < 160 mmHg, < 140 mmHg) will be assigned for 24 h post-EVT, primary outcomes being the final infarct volume at 36 h and the 3-month utility-weighted mRS. Blood Pressure Target in Acute Stroke to Reduce hemorrhage After Endovascular Therapy (BP-TARGET, NCT03160677) is a phase 2 RCT comparing two strategies after successful reperfusion: standard management (SBP < 185 mmHg) vs. intensive BP lowering with an SBP < 130 mmHg for 24 h (39). With the enrollment of 320 patients now completed, results regarding the rate of intracranial hemorrhagic complications are expected very soon and could hopefully clarify BP management after EVT. Finally, the Outcome in Patients Treated With Intraarterial Thrombectomy—Optimal Blood Pressure Control (OPTIMAL-BP, NCT04205305) will assess the impact of two BP targets (<140 vs. 180 mmHg) after successful reperfusion on the mRS, sICH and mortality. However, despite the expected results of these RCTs, the management of patients without successful reperfusion, as well as the management according to the precise reperfusion status or the impact of BP variability will not be considered. Design of future RCT could thus address these issues. One study could be based on autoregulation-oriented BP thresholds after EVT, using Near Infrared Spectroscopy as proposed by Petersen et al. (38). Another design could consist in defining a tighter BP target interval to respect after EVT to avoid any BP variability, as currently evaluated during EVT by the DETERMINE (Effect of Individualized vs. Standard Blood Pressure Management during Mechanical Thrombectomy for Anterior Ischemic Stroke) trial (NCT04352296).

The results herein must be cautiously interpreted given the wide heterogeneity between the included studies, their observational design and inherent shortcomings. Given the significant heterogeneity among the different hemodynamic parameters used, no meta-analysis of association was performed. Although a recent meta-analysis concerning BP management before, during and after AIS was recently published (26), this very analysis appropriately excluded overlapping data [i.e., studies involving the same population, which was the case in the present analysis for three studies from the same author (6, 13, 30)] and did not focus on successfully reperfused patients only. The present analysis therefore provides updated additional data and seems to point toward similar results, regarding the impact of BP values post-EVT and the need of quality RCT regarding this issue. For future directions, homogenization of practices regarding BP monitoring and management seem more than necessary, as it has been recently proposed (8).



CONCLUSION

The present systematic review highlights the significant heterogeneity in BP monitoring management, BP targets, and sICH definitions used after successful EVT across centers. Given the absence of data regarding SBP time course reduction or the lack of studies evaluating the association between BP management, sICH occurrence and IVT use, no decisive conclusion can be made from this systematic review. However, identifying these limitations seem crucial, as it will allow further investigations in this important field. Upcoming RCT are urgently needed to clarify the medical management after EVT.
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