

[image: image1]
Acidosis in arterial blood gas testing is associated with clinical outcomes after endovascular thrombectomy












	
	TYPE Original Research
PUBLISHED 21 December 2022
DOI 10.3389/fneur.2022.1077043






Acidosis in arterial blood gas testing is associated with clinical outcomes after endovascular thrombectomy

Rui Shao1, Lei Liu2, Juan Xu3, Pengpeng Lan3, Guiping Wu3, Hongfeng Shi3, Ruili Li3, Yingle Zhuang3, Shanshan Han3, Yan Li3, Ping Zhao3, Min Xu3* and Ziren Tang1*


1Department of Emergency Medicine, Beijing Chaoyang Hospital, Capital Medical University, Beijing, China

2Department of Internal Medicine, The Affiliated Hospital of China University of Petroleum (East China), Qingdao, China

3Neurological Intensive Care Department, Shengli Oilfield Central Hospital, Dongying City, China

[image: image2]

OPEN ACCESS

EDITED BY
Heling Chu, Shanghai Jiao Tong University, China

REVIEWED BY
Zhaohui He, First Affiliated Hospital of Chongqing Medical University, China
 Yu Okuma, Feinstein Institute for Medical Research, United States

*CORRESPONDENCE
 Min Xu, [image: yes] xumin0224@163.com
 Ziren Tang, [image: yes] tangziren1970@163.com

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

RECEIVED 22 October 2022
 ACCEPTED 29 November 2022
 PUBLISHED 21 December 2022

CITATION
 Shao R, Liu L, Xu J, Lan P, Wu G, Shi H, Li R, Zhuang Y, Han S, Li Y, Zhao P, Xu M and Tang Z (2022) Acidosis in arterial blood gas testing is associated with clinical outcomes after endovascular thrombectomy. Front. Neurol. 13:1077043. doi: 10.3389/fneur.2022.1077043

COPYRIGHT
 © 2022 Shao, Liu, Xu, Lan, Wu, Shi, Li, Zhuang, Han, Li, Zhao, Xu and Tang. 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.



Background: Despite recanalization, some of the patients undergoing endovascular thrombectomy (EVT) still suffer from unfavorable outcomes. Patients with poor prognoses are often accompanied by acidosis in arterial blood gas (ABG) testing. We, therefore, explored the ABG testing results in the early phase of recanalization and analyzed their association with poor prognosis.

Patients and methods: We identified all patients with ischemic stroke and successful endovascular recanalization for anterior circulation vessel occlusion between June 2019 and May 2022. ABG testing was performed in all patients within 0–30 min and 8 h after endovascular therapy. We investigated the relationship between the ABG testing results with symptomatic intracerebral hemorrhage (sICH), hemicraniectomy, and mortality.

Results: A total of 123 patients with stroke after endovascular thrombectomy were analyzed. Of those, eight (6.5%) patients had postinterventional sICH. Acidosis was associated with sICH. Decreased [image: image] levels and [image: image] levels at 8 h after EVT were independently related to a higher risk of sICH. Twelve (9.8%) patients underwent hemicraniectomy for postischemic malignant edema and similar results were found for hemicraniectomy. Increased lactate at 8 h after EVT and decreased [image: image] levels at 8 h after EVT were closely associated with hemicraniectomy. Twenty-two (17.9%) patients died within 3 months. Decreased [image: image] levels were independently related to mortality, as were decreased pH levels at 8 h after EVT and decreased [image: image] levels at 8 h after EVT.

Conclusion: Acidosis is associated with clinical outcomes after endovascular therapy and may help to select patients with poor prognosis in the acute early phase of recanalization.
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Introduction

Endovascular thrombectomy is the optimal treatment option in patients with large vessel occlusion acute ischemic stroke (1). Although 90% of patients achieved successful recanalization and the procedure is generally relatively safe, some of the patients still suffer from unfavorable outcomes at 90 days (2–4). Reperfusion injury and hemorrhagic transformation, which are mainly attributed to impaired cerebral blood flow autoregulation and disrupted blood–brain barrier (BBB), have been identified as important complications in the acute phase of recanalization (5–7).

Early identification of potential candidates who may suffer from neurological deterioration should be performed for a timely experimental treatment to improve the outcome of patients with reperfusion therapies. While timely neurological assessment is unavailable in patients who received general anesthesia or mild sedation during endovascular reperfusion therapies. Transcranial duplex (TCD) sonography or transcranial color-coded sonography (TCCS) may be one of the early hemodynamic predictors of outcome, while there are numerous confounding factors affecting middle cerebral artery (MCA) flow velocity. It may be difficult to reverse the prognosis when the intracranial lesion is detected on cerebral computed tomography (CT) or MRI 24 h routinely after the endovascular procedure or in the event of clinical deterioration.

In clinical practice, we often find that patients with poor prognoses have decreased bicarbonate ([image: image]) levels in arterial blood gas (ABG) testing or even have metabolic acidosis or elevated lactate in the early phase of recanalization. Patients with cerebral infarction are less likely to suffer from hemodynamic disorders in the early stages, so changes in the acid–base balance in peripheral blood may be related to cerebral metabolism. There have been few studies exploring the relationship between ABG testing results and poor prognosis in patients with reperfusion therapies. We, therefore, explored the ABG testing results in the early phase of recanalization and analyzed their association with poor prognosis in patients with successful revascularization.



Patients and methods


Patients and study design

Between June 2019 and May 2022, we identified consecutive patients with anterior circulation large vessel occlusion who had undergone endovascular recanalization therapy at Shengli Oilfield Central Hospital, an urban university tertiary hospital and national advanced stroke center. In the treatment protocol for patients with endovascular therapy in our hospital, patients were intubated under general anesthesia by dedicated neuroanesthesiologists in the operating room, followed by endovascular treatment. Then, patients were administrated in the postinterventional period at our neurointensive care unit. Patients would receive mild sedation and close blood pressure monitoring, and they would be evaluated for extubation 12–24 h after endovascular therapy. Patients were included if they underwent endovascular thrombectomy with successful reperfusion. Successful reperfusion was defined as modified thrombolysis in cerebral ischemia (mTICI) ≥ 2b. Additional inclusion criteria were admission Alberta Stroke Program Early CT Score (ASPECTS) ≥ 6. Patients with hemodynamic instability, hepatic, or renal dysfunction on admission will be excluded from the study. Patients with secondary metabolic abnormalities, such as diabetic ketoacidosis, mitochondrial disease, respiratory acidosis, respiratory alkalosis, or severe aspiration pneumonia were also excluded. Clinical characteristics, including demographic characteristics, past medical history, drug usage, the National Institutes of Health Stroke Scale (NIHSS) scores, intravenous thrombolysis, occlusion location, onset-to-groin puncture time, final mTICI grades, postoperative blood pressure, stroke complication, and outcome were collected. All patients were treated according to current stroke guidelines (1). The Hospital Institutional Review Board and the Ethics Committee of the Shengli Oilfield Central Hospital approved the study. Analysis of patient data was performed in accordance with the Declaration of Helsinki. All patients performed cerebral CT or MRI 24 h after thrombectomy with successful revascularization, and additional CT was also performed in case of clinical deterioration. The primary endpoints were symptomatic intracranial hemorrhage (sICH), all-cause 90-day mortality, and whether or not hemicraniectomy was performed during hospitalization. sICH was defined as any apparent extravascular blood in the brain or within the cranium that was associated with clinical deterioration, as defined by an increase of >2 points in one category or >4 points in total on the NIHSS (6, 8). Functional status was assessed 3 months after stroke onset using the modified Rankin Scale (mRS). The mRS was collected through telephone interviews.



TCD and ABG testing

Transcranial duplex sonography (devices: Delica EMS-9PB, Delicate Manufacturer, Shenzhen, China) and ABG testing (devices: GEM premier 4000, Werfen Co. Barcelona, Spain) were performed in all patients within 0–30 min and 8 h after endovascular therapy as bedside assessment at neurointensive care unit. Absolute values for mean blood flow (MBF) velocities and pulsatility indices (PI) were analyzed in the treated (ipsilateral) MCA. pH, actual bicarbonate ([image: image]) levels, and lactate levels in ABG testing from radial artery were recorded and analyzed.



Statistical analysis

The baseline characteristics were described as frequencies, percentages, median, and interquartile ranges. Comparisons between groups were made using the Mann–Whitney U-test for continuous variables. Receiver operating characteristic (ROC) curves and the area under the ROC curve (AUC) were conducted. Multivariable logistic regression analyses were performed for each group to determine factors that could be considered independent predictors of clinical outcomes. Clinically relevant variables and those showing P < 0.05 in univariate analysis were included in the multivariate model. The model was determined by the method of ENTER (default with the menu system). P < 0.05 was considered to be statistically significant. All statistical analyses were carried out using SPSS 19.0 (SPSS Inc., Chicago, IL) and GraphPad Prism 6 (GraphPad, La Jolla, CA).




Results


Characteristics of enrolled subjects

During the investigational period, 167 patients received endovascular recanalization therapy with anterior circulation large vessel occlusion. A total of 44 patients were excluded. Twenty-two patients with incomplete vessel recanalization (TICI 0-2a) and nine patients with hemodynamic instability were excluded. Seven patients with secondary metabolic abnormalities were excluded, including one patient with mitochondrial disease, four patients with severe aspiration pneumonia, and two patients with diabetic ketoacidosis. Two patients were excluded due to the lack of second ABG results and TCD results, and these patients had gone to the operating room for hemicraniectomy within 8 h. Four patients were lost to follow-up. A total of 123 patients were enrolled in the study. The flow chart is illustrated in Figure 1.


[image: Figure 1]
FIGURE 1
 Research flow chart. ABG, arterial blood gas (ABG); TCD, transcranial duplex.


Table 1 summarizes the baseline characteristics and outcomes of the study cohort. Fifty-three (43%) patients were women, with a median age of 66 years [interquartile range (IQR), 63–74], median NIHSS score of 17 (IQR, 13–20), and median ASPECT score of 9 (IQR, 8–10). Distribution of initial arterial occlusion location was as follows: Terminal intracranial internal carotid artery 23 (18%), M1-middle cerebral artery 56 (46%), M2-middle cerebral artery 28 (23%), and tandem occlusion 16 (13%). Sixty-six patients (54%) received intravenous thrombolysis before endovascular thrombectomy (EVT). After a median time of 256 min (221–312) from symptoms onset to groin puncture, 80 (65%) patients achieved a final mTICI 3 and 43 (35%) achieved mTICI 2b.


TABLE 1 Baseline characteristics and outcomes of the study cohort.
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Patients with symptomatic intracranial hemorrhage

A total of eight (6.5%) patients developed sICH after thrombectomy in this study. Patients with sICH had significantly lower [image: image] levels (P = 0.028). pH levels at 8 h after EVT and [image: image] levels at 8 h after EVT were also significantly reduced in patients with sICH (P = 0.006 and P = 0.001). Although there was a tendency for MBF velocity and PI to increase in patients with sICH, only PI at 8 h after EVT was significantly increased (P = 0.037). The detailed results are shown in Table 2. Univariate and multivariate logistic regression were used to identify independent predictors associated with sICH. After the univariate analysis, age, NIHSS score, ASPECTS, and onset-to-groin puncture time were included in the final model. Using the multivariate logistic regression analysis, decreased [image: image] levels were independently associated with sICH [odds ratio (OR) = 0.720, 95% confidence interval (CI) 0.541–0.958, P = 0.024], as were decreased [image: image] levels at 8 h after EVT (OR = 0.696, 95% CI: 0.509–0.952, P = 0.023). The detailed results are illustrated in Figure 2 and Table 3. According to the ROC curve, the AUC of the [image: image] levels for predicting sICH was 0.730 (95% CI: 0.496–0.964, P = 0.030), and [image: image] levels at 8 h after EVT was 0.824 (95% CI: 0.674–0.975, P = 0.002). The detailed results are demonstrated in Figure 3A.


TABLE 2 Comparison between favorable and poor prognosis according to the outcome: Symptomatic intracranial hemorrhage.
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FIGURE 2
 Adjusted odds ratio (OR, midpoints) and 95% CIs (error bars) derived from multivariable analysis for clinical outcomes of patients with endovascular thrombectomy. ASPECTS, Alberta stroke program early CT score; CI, confidence interval; EVT, endovascular thrombectomy; HCO3−, bicarbonate; NIHSS, national institutes of health stroke scale; OR, odds ratio; sICH, symptomatic intracranial hemorrhage.



TABLE 3 Logistic regression analysis of independent factors for prognosis in patients with endovascular reperfusion therapies.
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[image: Figure 3]
FIGURE 3
 Receiver operating characteristic (ROC) curve for predicting sICH (A), hemicraniectomy (B), and mortality (C) in patients with endovascular thrombectomy. CI, confidence interval; EVT, endovascular treatment; [image: image], bicarbonate; sICH, symptomatic intracranial hemorrhage.




Patients with hemicraniectomy

A total of 12 (9.8%) patients underwent postischemic malignant edema. Hemicraniectomy was regarded as a surrogate for malignant edema, and we investigated the relationship between relevant variables and hemicraniectomy. Patients with hemicraniectomy had significantly increased MBF velocity at 8 h after EVT (P = 0.048). Lactate levels and lactate at 8 h after EVT were obviously higher in patients with hemicraniectomy (P = 0.027 and P = 0.007). pH levels, [image: image] levels, pH levels at 8 h after EVT, and [image: image] levels at 8 h after EVT were significantly reduced in the hemicraniectomy group (all P < 0.05). The detailed results are shown in Table 4. After the univariate analysis, hyperlipidemia, atrial fibrillation, NIHSS score, ASPECTS, tandem occlusion, and onset-to-groin puncture time were included in the multivariable analysis. Increased lactate at 8 h after EVT was an independent predictor of hemicraniectomy (OR = 2.910, 95% CI: 1.006–8.419, P = 0.049), as was decreased [image: image] levels at 8 h after EVT (OR = 0.762, 95% CI: 0.599–0.970, P = 0.027). The detailed results are shown in Figure 2 and Table 3. The AUC of lactate at 8 h after EVT for predicting hemicraniectomy was 0.731 (95% CI: 0.568–0.894, P = 0.009). [image: image] levels at 8 h after EVT were 0.818 (95% CI: 0.716–0.920, P < 0.001). The detailed results are illustrated in Figure 3B.


TABLE 4 Comparison between favorable and poor prognosis according to the outcome: Hemicraniectomy performed during hospitalization.
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Patients with mortality

Twenty-two (17.9%) patients died within 3 months (mRS score = 6) in this study. The mortality group had higher PI at 8 h after EVT (P = 0.010) and lactate at 8 h after EVT (P = 0.041). [image: image] levels, pH levels at 8 h after EVT, and [image: image] levels at 8 h after EVT were significantly lower in the mortality group (Table 5). Adjusting diabetes mellitus, NIHSS score, ASPECTS, tandem occlusion, onset-to-groin puncture time, and decreased [image: image] levels were independent predictors of mortality within 3 months in the multivariable analysis (OR = 0.829, 95% CI: 0.695–0.989, P = 0.037), as were decreased pH levels at 8 h after EVT (OR = 0, 95% CI: 0–0.022, P = 0.015) and decreased [image: image] levels at 8 h after EVT (OR = 0.652, 95% CI: 0.514–0.828, P < 0.001). The detailed results are presented in Figure 2 and Table 3. The AUC of [image: image] levels for predicting mortality was 0.700 (95% CI: 0.578–0.821, P = 0.003). pH levels at 8 h after EVT were 0.747 (95% CI: 0.629–0.866, P < 0.001), and [image: image] levels at 8 h after EVT were 0.837 (95% CI: 0.751–0.923, P < 0.001). The detailed results are shown in Figure 3C.


TABLE 5 Comparison between favorable and poor prognosis according to the outcome: Mortality.
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Discussion

Despite revascularization after thrombectomy, a relevant proportion of patients with large vessel occlusion acute ischemic stroke do not achieve a favorable prognosis. Early identification of patients with possible neurological deterioration may be critical to improving prognosis. Our study demonstrated that ABG testing results were closely related to clinical outcomes after EVT. Our main finding was that acidosis in arterial blood gas testing was strongly associated with poor prognosis. Decreased [image: image] levels at 8 h after EVT were independently related to higher odds of sICH, hemicraniectomy, and mortality. Decreased [image: image] levels, decreased pH at 8 h after EVT, and elevated lactate levels at 8 h after EVT were also presented in patients with poor clinical outcomes. To the best of our knowledge, this was the first study to investigate the relationship between ABG testing results and clinical outcomes after successful recanalization. Our findings may be useful for screening patients with possible neurological deterioration in the acute early phase of recanalization. ABG could detect exacerbations earlier than routine TCD, CT, or MRI.

After successful recanalization, a series of complex pathophysiological changes occur in the cerebral tissue, which may involve the intricate interplay of mitochondrial dysfunction, overload of calcium, excitotoxicity, free radical-mediated toxicity, endothelial pathology, and edema formation (9–13). In another view, recanalization after EVT does not always lead to downstream reperfusion, a state that has been known as the no-reflow phenomenon, which may be due to capillary compression and luminal narrowing in cerebral circulation (14–16). These pathophysiologic derangements may result in cerebral microcirculation disorders. The larger the infarct size, the more severe the microcirculation disorders may be. Impaired microcirculation could lead to excessive acid production, increased toxic substances, and elevated lactic acid. Due to exacerbation of BBB disruption after reperfusion, these acid productions are released into peripheral blood (17). Dysfunctional cerebral blood flow autoregulation after thrombectomy aggravates these processes (18).

The existence of a buffer system in the body will maintain pH in the normal range during the initial phase. However, [image: image] as the main component of the biological buffer may change at the onset. Under normal conditions, lactate is continually being produced and metabolized, maintaining dynamic balance. When lactate production predominates, lactate levels rise. Impaired microcirculation can lead not only to elevated lactate levels but also to excessive production of other acids. For example, in the area of cerebral infarction, the Na+/H+ exchange isoform 1 (NHE1) function is augmented (19). As a result, Na+ enters the cells in return for H+ extrusion, which may aggravate acidosis (20). Thus, bicarbonate, as the main component of biological buffer, is a more comprehensive and earlier indicator of cerebral metabolism, whereas lactate is only a major part of metabolic acidosis. Acidosis (drop in pH) may present when the buffering system fails to compensate. Excluding causes such as systemic hypoperfusion and other causes of secondary metabolic abnormalities, pH, lactate levels, and [image: image] levels may be optimal candidates for embodying a cerebral metabolic state, which may indicate the severity of cerebral postischemic reperfusion injury.

Previous studies have explored cerebral metabolism in cerebral ischemia under experimental and clinical conditions by using microdialysis catheters. In animal experiments, the biochemical pattern of cerebral tissue during ischemia is characterized by a marked increase in cerebral lactate (21, 22). Elevated intracerebral lactate and glutamate were also demonstrated in patients with MCA infarcts and malignant brain swelling (23, 24). In addition, the Na+/H+ exchange is augmented and tissue pCO2 rises during ischemia, which may also contribute to cerebral tissue acidosis (19, 25). Acidic amino acids, lactate, and other acidic metabolites were released into the peripheral blood through the damaged BBB, and these products resulted in altering biological buffers, even metabolic acidosis.

The previous study has shown that bedside TCD indicated a significantly higher MBF velocity in the recanalized MCA in patients who experienced ICH following recanalization (26). Although there was a tendency for MBF velocity to increase in patients with sICH in our study, the MBF velocity was not a statistically significant difference between the two groups. The difference between our results and the previous study could be related to the fact that TCD in the present study was performed within 0–30 min and 8 h after EVT, Markus et al. performed a TCD examination within 24 h after EVT. However, the two studies were similar in that MBF velocity was not an independent predictor of sICH following recanalization. Therefore, MBF velocity may not be an optimal biomarker to identify patients with possible neurological deterioration in the acute early phase of recanalization.

Cerebral metabolism is accompanied by complex pathophysiological changes in patients with large vessel occlusion acute ischemic stroke. After successful recanalization, cerebral metabolism may suffer from aggravation due to postischemic reperfusion injury. There are more published articles using bedside TCD to explore cerebral blood flow in patients with cerebral infarction (27, 28). However, it is surprising that so scant attention has been given to bedside cerebral metabolic markers. Cerebral metabolic indicators may contribute appropriate information on cerebral impairment much earlier. In this context, ABG testing as an efficient bedside screening method is certainly more readily available than other examinations and provides more information about prognosis.

In this study, we observed that decreased [image: image] levels at 8 h after EVT were a reliable predictor of clinical outcome in patients with successful revascularization. In the case of conventional treatment after recanalization, decreased [image: image] levels at 8 h after EVT indicated that acid production from cerebral metabolism is still increasing, implying deteriorating cerebral function. This study demonstrated that increased lactate at 8 h after EVT was closely associated with hemicraniectomy, which was regarded as a surrogate for malignant edema. Increased lactate levels may result from microcirculatory disorders provoking secondary brain impairment. Due to severe deterioration of cerebral function and excessive acid production release, patients who died may be accompanied by a decrease in pH levels after endovascular therapy.

Some limitations need to be considered in this study. First, all newly admitted patients had their ABG testing routinely collected within 30 min and reviewed 8 h later in our intensive care unit. BBB permeability was increased in the ischemic hemisphere 1 h after reperfusion (29), and whether an earlier review of the ABG testing could provide useful information about the prognosis needs to be further explored. Second, although we included only patients with ASPECTS ≥ 6, we could not obtain the final infarct volume. The correlation of final infarct volume with ABG testing results may provide more useful information. Third, the sample sizes were relatively small, this was a single-center study, and more patients need to be included to confirm these findings. Fourth, a lot of patients with malignant cerebral edema may not choose to undergo hemicraniectomy due to age, hemispheric laterality, and other reasons. But the prognosis of these patients may be worsened and eventually be classified in the death group.



Conclusion

In the present study, we have indicated that post-EVT ABG testing might be an effective bedside method for assessing prognosis in patients with large vessel occlusion acute ischemic stroke. Acidosis in arterial blood gas testing is associated with clinical outcomes after endovascular therapy and may help to select patients with poor prognosis in the acute early phase of recanalization.
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Variable

Demographics

Age, year, median (IQR) 66 (63-74)
Female sex, 1 (%) 53 (43%)
Diabetes mellitus, (%) 41 (33%)
Hypertension, 7 (%) 68 (55%)
Hyperlipidemia, 7 (%) 57 (46%)
Atrial fibrillation, 7 (%) 42 (34%)
moker on admission, 7 (%) 34 (28%)
Anticoagulation use, 7 (%) 10 (8%)
Antiplatelet use, 1 (%) 39 (32%)

Clinical features

IHSS, median (IQR) 17 (13-20)
ASPECTS, median (IQR) 9(8-10)
BR, mmHg, median (IQR) 79 (73-86)

Occlusion site, n (%)

TICA 23(18%)
M1-MCA 56 (46%)
M2-MCA 28 (23%)
Tandem occlusion 16 (13%)

Procedural features

V tPA, 1 (%) 66 (54%)
Onset-to-Groin, min, median (IQR) 256 (221-312)
Final mTICI 3, n (%) 80 (65%)
Final mTICI 2b, # (%) 43 (35%)
Outcomes
mRS score <2 at 90 days, n (%) 58 (47%)

ICH, n (%) 8 (6.5%)
lHemicraniectomy, n(%) 12(9.8%)
Mortality, n (%) 22 (17.9%)

ASPECTS, alberta stroke program early CT score; IQR, interquartile ranges IV tPA,
intravenous tissue-type plasminogen activator; MBP, mean blood pressure; MCA, middle
cerebral artery; mRS, modified rankin scale; mTICI, modified thrombolysis in cerebral
ischemia score; NIHSS, national institutes of health stroke scale; SICH, symptomatic
intracranial hemorrhage; TICA, terminal artery carotid artery.
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Variables NosIC sICH P-value
MBE velocity after EVT (cm/s) 71 (57-85) 81 (71-100) 0.126
Plafter EVT 1.04 (0.84-1.14) 0.94 (0.88-1.29) 0734
MBE velocity at 8 h after EVT (cm/s) 71 (59-86) 83 (71-99) 0079
Plat 8 hafter EVT 1.05 (0.90-1.18) 117 (1.08-1.30) 0037
pH level 7.36 (7.34-7.40) 7.31(7.27-7.41) 0215
Lactate level (mmol/L) 1.1(0.9-1.9) 15 (1.1-2.1) 0113
HCO3 level (mmol/L) 226 (20.5-25.0) 17.6 (15.6-23.5) 0028
pH level at 8 hafter EVT 7.39 (7.36-7.41) 7.34(7.29-7.37) 0.006
Lactate at 8 h after EVT (mmol/L) 13(1.0-1.8) 1.3 (0.9-2.5) 0471
HCO; level at 8h after EVT (mmol/L) 242 (21.0-25.6) 18.8 (16.1-22.4) 0001

Data are shown as median and interquartile range unless otherwise indicated.

EVT, endovascular thrombectomy; HCO7 , bicarbonates MBE, mean blood flows P1, pulsatility indices; SICH, symptomatic intracranial hemorrhage.
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Variables mRS < 6 mRS =6

MBE velocity after EVT (cm/s) 71 (55-85) 76 (71-92) 0055
Plafter EVT 1.04 (0.88-1.13) 097 (0.81-1.18) 0815
MBE velocity at 8 h after EVT (cm/s) 71 (58-86) 78 (70-93) 0151
Plat 8 hafter EVT 1.05 (0.90-1.13) 120 (1.01-1.28) 0010
pH level 737 (7.34-7.40) 7.34 (7.30-7.39) 0058
Lactate level (mmol/L) 1.1(0.9-1.9) 12 (1.0-2.0) 0.161
HCO3 level (mmol/L) 22.9(207-252) 205 (16.6-23.6) 0.003
pH level at 8 hafter EVT 739 (7.36-7.42) 7.35(7.31-7.39) <0.001
Lactate at 8 h after EVT (mmol/L) 12(09-1.7) 14(12-2.1) 0041
HCO; level at 8 hafter EVT (mmol/L) 242 (222-259) 19.6 (17.9-21.5) <0.001

Data are shown as median and interquartile range unless otherwise indicated.
EVT, endovascular thrombectomy; HCO7 , bicarbonate; MBE, mean blood flow; mRS, modified Rankin Scale; PI, pulsatility indices.
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P-value

95 % confidence interval

for EXP(B)

HCO;3 levels ‘ —0.329 0.146 5.085 0.024 0.720 0.541-0.958
HCO3 level at 8 h after EVTs ‘ —0.362 0.160 5.134 0.023 0.696 0.509-0.952
Lactate at 8 h after EVT* ‘ 1.068 0.542 3.885 0.049 2910 1.006-8.419
HCO3 level at 8 h after EVT* ‘ —0.271 0.123 4.889 0.027 0.762 0.599-0.970
HCOY level® ‘ —0.188 0.090 4.353 0.037 0.829 0.695-0.989
PpH level at 8 h after EVT¥ ‘ —19.364 7.923 5973 0.015 0 0-0.022

HCO; level at 8 h after EVT¥ ‘ —0.427 0.122 12.290 <0.001 0.652 0.514-0.828

*Multivariable logistic regression analyses were performed for symptomatic intracranial hemorrhage. *Multivariable logistic regression analyses were performed for hemicraniectomy,
adjusting for hyperlipidemia. &Multivariable logistic regression analyses were performed for mortality, adjusting for diabetes mellitus, NIHSS score, ASPECTS, tandem ocelusion, and

onset-to-groin puncture time.

ASPECTS, alberta stroke program early CT score; EVT, endovascular thrombectomy; HCO3 , bicarbonate; NTHSS, national institutes of health stroke scale.
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Variables No hemicraniect Hemicraniectom

MBE velocity after EVT (cm/s) 71 (56-85) 77 (72-91)

Pl after EVT 1.04 (0.84-1.14) 1.06 (0.96-1.20) 0215
MBE velocity at 8 h after EVT (cm/s) 71 (58-87) 80 (77-90) 0.048
PIat8hafter EVT 1.05 (0.90-1.17) 1.14 (1.03-125) 0079
PpH level 7.37 (7.34-7.40) 7.31(7.29-7.36) 0014
Lactate level (mmol/L) 1.1 (0.9-1.9) 1.8 (12-2.1) 0.027
HCO; level (mmol/L) 22,9 (20.6-25.1) 19.4(16.1-20.3) <0001
PpH level at 8 h after EVT 7.39 (7.36-7.42) 7.35(7.31-7.37) <0001
Lactate at 8 h after EVT (mmol/L) 12 (0.90-1.7) 22(13-25) 0.007
HCO level at 8h after EVT (mmol/L) 242 (21.1-25.6) 202 (17.2-212) <0001

Data are shown as median and interquartile range unless otherwise indicated.
EVT, endovascular thrombectomy; HCO3 , bicarbonate; MBE, mean blood flow; P1, pulsatility indices.
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