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Editorial on the Research Topic
Outcomes of stroke: prediction and improvement

Stroke remains the second-leading cause of death and the third-leading cause of
disability worldwide (1). Of the two types of strokes, ischemic and hemorrhagic, the
former accounts for more than 80% of strokes, while the latter is more disabling and fatal.
Despite ongoing efforts to explore effective management and prevention strategies, the
annual number and burden of stroke continue to grow worldwide, especially in low- and
middle-income countries (2).

More and more attention has been paid to strategies that result in favorable outcomes for
all types of strokes. Multiple therapies, including thrombolysis, mechanical thrombectomy,
and surgical intervention, are used in clinical practice (3, 4). Despite the improvement in
predictive ability, the choice of these therapies may be influenced by multiple factors, namely
the time windows and may possibly bring out unpredictable adverse effects. Therefore, it
will be more helpful if a predictor can rapidly identify the risks that affect the outcome and
treatment effectiveness after stroke (5, 6). The management strategies chosen according to
the effective prediction may provide more clinical benefits.

This Research Topic, entitled “Outcomes of Stroke: Prediction and Improvement,” aims
to investigate the predictors and effective management strategies that can predict and
improve stroke outcomes. It consists of 37 articles, and a brief description of the research
findings follows.

As ischemic stroke accounts for more than 80% of strokes, most of the articles deal
with the predictors and therapeutic strategies of ischemic stroke. Some of the works explore
useful predictors of the outcomes of ischemic strokes. Liu et al. demonstrated that the ratio
of vascular endothelial growth factor to CBP/P300-interacting transactivator with Glu/Asp-
rich C-terminal domain 2 (VEGF/CITED2) from peripheral blood mononuclear cells is an
independent protective factor and has a potential predictive value in the collateral circulation
of acute ischemic stroke (AIS) evaluated by diffusion-weighted imaging (DWTI)-Alberta
Stroke Program Early CT Score (ASPECTS). Liu et al. showed that the ratio of serum uric
acid to serum creatinine (SUA/SCr) is negatively associated with the risk of early neurological
deterioration (END) within 1 week in patients with branch atheromatous disease stroke.
Another study also investigated biomarkers of END. Wang Z. et al. detected plasma
neurofilament light chain (pNFL) via a novel ultrasensitive single-molecule array and found
that pNFL is a promising biomarker of END in minor stroke with large vessel occlusion.
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Meanwhile, Ag Lamat et al. illustrated how electroencephalogram
(EEG) abnormalities are associated with stroke type and imaging
characteristics. Additionally, NIHSS score and anterior circulation
stroke can be considered predictors of focal EEG slowing.
Recurrent ischemic stroke (RIS) is associated with increased
mortality and a poor outcome. Chung et al. investigated gender
differences and risk factors for RIS. In their study, they found
that hypertension and dyslipidemia were significant risk factors
in both genders. Risk factors that differed between genders are
smoking and alcohol consumption in men and diabetes in women.
Another study by Wang H. et al. from Fudan University developed
a radiomics-based DWI prediction model that performed well in
terms of predicting 1-year RIS. Another prediction model for RIS
was developed by Elhefnawy et al. from real-world data. In this
model, incorporating time into predicting the risk of RIS can
positively contribute to predicting the prognosis of RIS. The risk of
RIS changes with time after the index ischemic stroke. In addition
to concomitant diseases, secondary prevention time also plays a
vital role in predicting the risk of RIS in the population. The
COVID-19 pandemic has had a great impact on the treatment
of AIS. Gu et al. demonstrated that the pandemic exacerbates
certain time delays and plays a significant role in early adverse
outcomes in patients with AIS. Atrial fibrillation (AF) is a common
cardiac arrhythmia that is associated with an increased risk of
ischemic stroke. Lu M. et al. performed a meta-analysis showing
that the neutrophil-to-lymphocyte ratio (NLR), as an important
inflammatory indicator, is associated with a higher risk of stroke
in AF patients. The incidence of stroke in AF patients with NLR >3
was 1.4 times higher than in those with NLR <3. A comparative
analysis performed by Bem Junior et al. showed that decompressive
craniectomy is currently the most effective measure to control
refractory ICH in cases of malignant ischemic stroke. In addition,
Kosugi et al. conducted a study to create a cortical infarction using
photothrombosis over the motor cortex of non-human primates
to establish a reproducible deficit in the reaching and grasping
tasks. This research suggests that different recovery speeds for
each movement may be influenced by the extent to which cortical
control is required to properly execute each movement.
Intravenous  thrombolysis  using recombinant tissue
plasminogen activator (r-tPA) is effective for the treatment of
AIS, although uncertainties remain about the balance of benefits
and risks in some circumstances. In their study, Yuan et al
demonstrated that the non-standard dose of r-tPA (0.6 mg/kg
< dose < 0.9 mg/kg) does not differ in safety and effectiveness
compared with the standard dose (0.9 mg/kg). The findings
suggest that, according to current evidence and guidelines, the
standard dose should be regarded as the first choice, while the
above non-standard dose could be an alternative option in the
actual diagnosis and treatment process, considering the patient’s
clinical profile and financial condition. Meanwhile, Xu et al.
evaluated the safety and efficacy of low-dose alteplase (0.55-0.65
mg/kg) compared with standard-dose (0.85-0.95 mg/kg) in
Chinese patients with AIS using a real-world registry. The results
indicate that low-dose alteplase has a significantly higher rate
of death or disability at discharge without reducing the risk of
symptomatic intracranial hemorrhage. The prediction of outcome
after intravenous thrombolytic therapy was also included in our
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Research Topic. Jiang et al. showed that the difference in red blood
cell distribution width from before to after rt-PA thrombolysis is
an independent predictor of neurological outcome at 2 years after
thrombolysis in patients with AIS. Fekete et al.’s work implies that
older age, higher NTHSS, large vessel occlusion, and intra-arterial
thrombolysis may correlate with intracranial hemorrhage after
thrombolytic therapy, and such patients always have unfavorable
outcomes in a prospective single-center study. Norata et al.
demonstrated that the liver fibrosis-4 score is associated with poor
3-month outcome and symptomatic intracranial hemorrhage in
AIS patients undergoing intravenous thrombolysis.

Endovascular thrombectomy has been shown to be effective
in the treatment of acute ischemic stroke in patients with
large vessel occlusion (7). Prediction of prognosis, especially
in patients with successful revascularization, is critical. Shao
et al. demonstrated that acidosis, including decreased HCO;3
and pH levels detected by arterial blood gas (ABG) testing,
is associated with clinical outcomes after endovascular therapy.
Post-thrombectomy intracranial hemorrhage (PTIH) is a serious
complication of AIS following mechanical thrombectomy. Rossi
et al. analyzed 122 thrombi from 80 AIS patients and detected
S100b expression by immunohistochemistry. The results show
that S100b is co-localized with neutrophils, macrophages, and T-
lymphocytes in clots and that higher S100b expression is associated
with PTIH. In the study by Wagner et al, 714 AIS patients
received intravenous thrombolysis followed by endovascular
thrombectomy. Their results suggest that shorter intervals between
intravenous thrombolysis and endovascular thrombectomy are
associated with better 3-month functional outcomes. To reduce
in-hospital workflow time, Zhou T. et al. developed a one-stop
stroke management (OSSM) platform, and in their study, the
OSSM transfer model significantly reduced the in-hospital delay
in AIS patients compared to the traditional transfer model. Acute
basilar artery occlusion (BAO) is one of the most fatal diseases,
with a high risk of mortality and disability. Luo et al. aimed
to determine the most effective rescue measure for acute BAO
after the failure of mechanical thrombectomy. They found that
balloon angioplasty, Wingspan stenting, and Apollo stenting rather
than Solitaire stenting could be considered successful and safe
rescue options. Lu Y. et al. investigated the optimal type of
anesthesia management for acute vertebrobasilar artery occlusion
(VBAO). Their findings reveal that similar effectiveness and safety
were observed between general anesthesia (GA) and non-GA
during endovascular treatment for VBAO, and GA may provide
better successful reperfusion for a worse presenting GCS score
(<8). Another study by Lee et al. also examined the effects
of anesthesia management for endovascular thrombectomy on
outcomes through a meta-analysis of randomized clinical trials
and trial sequence analysis. The conclusion is that patients
with acute anterior circulation ischemic stroke who receive GA
are associated with a higher rate of successful recanalization
and a better 3-month neurological outcome compared to those
who receive conscious sedation. A systematic review and meta-
analysis conducted by Duan et al. aims to evaluate the current
evidence on the feasibility, efficacy, and safety of endovascular
thrombectomy in patients with active cancer. They found that
such patients are likely to have an unfavorable outcome and that
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active cancer may increase the risk of mortality after endovascular
thrombectomy. Another meta-analysis by Wu et al. revealed
that the above-mentioned inflammatory marker NLR tested at
admission and post-treatment can be used as a cost-effective and
readily available biomarker to predict 3-month poor functional
outcome, symptomatic intracerebral hemorrhage (sICH), and 3-
month mortality in AIS patients undergoing reperfusion therapy.
Hemorrhagic transformation is one of the most devastating
complications of reperfusion therapy in AIS patients. A meta-
analysis by Sun et al. identified several predictors of hemorrhagic
transformation, including atrial fibrillation, a higher NIHSS
score, older age, higher serum glucose levels, the number of
thrombectomy procedures, and lower ASPECTS.

ICH accounts for ~10%—20% of all stroke subtypes with high
mortality, and the survivors always have a high degree of residual
disability. Hematoma expansion (HE) is often observed in the
early stages of ICH, which independently predicts poor outcomes,
namely death and disability (8). Qin et al. investigated the
association between leukocyte subpopulations and HE according
to two definitions (Definition 1: volume increase >6 ml or 33%;
Definition 2: volume increase >12.5ml or 33%). The findings
revealed that a higher monocyte count is associated with a
higher risk of HE regardless of the two definitions, whereas an
increased neutrophil count is associated with a decreased risk of
HE according to Definition 1. Shi et al. retrospectively analyzed
105 patients with severe basal ganglia ICH and demonstrated that
NLR was a better predictor of 30-day mortality than other risk
factors. In addition, a systematic review and meta-analysis by Li
J. et al. showed that higher low-density lipoprotein cholesterol
(LDL-C) levels may reduce the risk of mortality in ICH patients.
Elevated LDL-C levels are only inversely associated with 3-
month mortality risks, not in-hospital mortality risks in these
patients. The study by Coleman et al. enrolled 2,449 patients
from the ERICH trial to reveal that the SAVED2 score, which
is composed of several common predictors, is associated with
unfavorable outcomes in patients with ICH. Finally, Li Z. et al.
presented a review summarizing recent advances in therapeutic
strategies and directions for ICH and discussing the barriers and
issues that need to be overcome to improve the prognosis of
ICH. Subarachnoid hemorrhage (SAH) is another devastating type
of hemorrhagic stroke with high mortality and disability rates.
Neuroinflammation is an important mechanism of injury after ICH
(9). Zhang et al. included 3,173 aneurysmal SAH (aSAH) patients
and compared the predictive effects of multiple inflammatory
markers. The results indicated that one of these inflammatory
markers, the neutrophil-to-albumin ratio (NAR) could improve the
SAFIRE and SAHIT models for 3-month mortality. Furthermore,
Ji et al. demonstrated that increased serum anion gap (AG) is
an independent, significant, and robust predictor of all-cause in-
hospital mortality. Venous thrombosis is another rare form of
stroke. Zhou et al. contributed a review that provided a reference
for a comprehensive understanding of venous thrombosis and a
scientific understanding of various pathophysiological mechanisms
and clinical features related to this condition.
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Several articles in our Research Topic concern both ischemic
and hemorrhagic stroke. Zhao et al. analyzed the data of 1,601
stroke patients and found that inflammatory biomarkers such
as NLR, NAR, and the ratio of red cell distribution width
to albumin (RA) were able to predict 30-day mortality in
hemorrhagic stroke but not in ischemic stroke. Matuja et al.
investigated the predictors of 30-day mortality in patients with
stroke in northwestern Tanzania. Their findings suggested
that NIHSS and mRS on admission, aspiration pneumonia,
and electrocardiogram abnormalities were associated with
30-day mortality. Importantly, Zhu et al. used several highly
interpretable machine learning models to predict stroke
prognosis with the highest accuracy to date and to identify
heterogeneous treatment effects of warfarin and human albumin
in stroke patients.

Overall, the current Research Topic of 37 articles provides
a comprehensive overview of the latest advances in this field.
It includes neuroimaging and body fluid markers that predict
stroke outcomes. Moreover, the articles also include the latest
developments in medical and surgical therapies that improve stroke
outcomes. These findings may provide new insights for clinical
practice. Further efforts are needed to investigate more beneficial

therapeutic strategies, perhaps with the help of effective predictors.
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Aims: To verify the association between leukocyte subpopulations and
hematoma expansion (HE) determined by two definitions in Chinese individuals
who experienced spontaneous intracerebral hemorrhage.

Methods: We enrolled 471 patients. The 1/2ABC formula was used to
gauge hematoma volume. The outcome was whether HE appeared within
72h. We used Definition 1 (volume increase >6mL or 33%) and Definition
2 (volume increase >12.5mL or 33%) to define HE, respectively. Binary
logistic regression analysis was used to assess the association between
leukocyte subpopulations and HE. For statistically significant leukocyte
subpopulations, we also performed subgroup analyses to assess differences
between subgroups.

Results: Among 471 patients, 131 (27.81%) and 116 (24.63%) patients
experienced HE based on Definition 1 and Definition 2, respectively. After
adjusting for confounding factors, elevated monocyte count was associated
with a higher risk of HE-Definition 1 [adjusted odds ratio (aOR) 2.45, 95%
confidence interval (Cl) 1.02-5.88, P = 0.0450] and HE-Definition 2 (aOR
2.54, 95% Cl 1.04-6.20, P = 0.0399). Additionally, we compared the results
before and after adjusting for coagulation parameters. Monocyte count was
significantly correlated with HE only after adjusting for coagulation parameters.
Increased neutrophil count was associated with a lower risk of HE-Definition
1 (aOR 0.91, 95% CI 0.84-1.00, P = 0.0463). No correlations were observed
between lymphocyte and leukocyte counts and HE (P > 0.05), and no subgroup
interactions were observed (interaction P > 0.05).

Conclusion: A higher monocyte count is associated with a higher HE
risk regardless of the two definitions, after excluding the influence of the
coagulation parameters, which facilitates risk stratification. Moreover, an
increased neutrophil count is associated with a decreased risk of HE in the
context of HE-Definition 1, which reflects the importance of standardizing the
definition of HE.

hematoma expansion, intracerebral hemorrhage, leukocyte, monocyte, neutrophil
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Introduction

The number of deaths caused by stroke continues to increase
globally, particularly in developing countries. Intracerebral
hemorrhage (ICH) accounts for 10-15% of stroke cases and has
the highest mortality rate (1). Accordingly, finding appropriate
treatments for ICH is imperative. Early hematoma expansion
(HE) after ICH is not only a potentially modifiable predictor of
patient outcomes but also a promising therapeutic target (2-5).
However, uncertainty regarding the risk factors for HE and the
lack of specific predictors have led to the high disability and
mortality related to ICH.

ICH is the rupture of diseased blood vessels and is
characterized by the flow of blood into the brain parenchyma
(5, 6). Once blood enters this region, the inflammatory response
is activated (7). Within minutes of ICH onset, microglial cells
are activated, marking the start of a potent inflammatory
cascade (7, 8). Activated microglial cells initially exert their
neuroprotective effects; however, hyperactive microglial cells
release various cytokines and chemokines that promote
the infiltration of peripheral leukocytes into the brain (7).
Leukocytes infiltrating the hemorrhagic brain can produce
reactive oxygen species, release pro-inflammatory mediators,
and promote the breakdown of the blood-brain barrier (BBB),
thereby aggravating ICH brain injury (7, 8). Previous studies
reported that different leukocyte subpopulations have various
effects on HE after ICH (9-11). However, to date, systematic
clinical studies on the association of leukocytes and their
subpopulations with HE among the Chinese population are
lacking. Accordingly, this study aimed to retrospectively observe
the association between leukocytes and their subpopulations
with HE after spontaneous ICH.

Methods

Participant selection

We consecutively enrolled patients diagnosed with ICH
using non-contrast computed tomography (NCCT) at Shenzhen
Longhua District Central Hospital from May 2015 to November
2021. The inclusion criteria were as follows: (1) a diagnosis
of spontaneous ICH detected by NCCT, (2) age at least 18
years old, and (3) leukocyte count obtained within 24h of
admission. In contrast, the exclusion criteria were as follows:
(1) all secondary cerebral hemorrhage, including brain tumors,
arteriovenous malformations, venous thrombosis, subarachnoid
all
trauma-related intracranial hemorrhage; (2) baseline NCCT

hemorrhage, thrombolysis-induced hemorrhage, and
and follow-up NCCT image artifacts significantly affecting
volume measurement; and (3) hematoma surgery (including

craniotomy and ventricular drainage) before follow-up NCCT.
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We initially enrolled 558 patients with spontaneous ICH.
Of these, 87 patients were excluded according to the following
criteria: 22 patients whose follow-up NCCT images were
missing, 33 who had undergone surgery before follow-up
NCCT, 18 who exhibited leukocyte deficiency on admission,
five who manifested vascular malformations, and nine whose
images presented image artifacts. Ultimately, 471 patients were
included (Figure 1).

This study was approved by the Ethical Review Committee
of Shenzhen Longhua District Central Hospital (approval
number: 2022-012-01). The need for informed consent was
waived due to the study’s retrospective design.

Clinical data acquisition

We collected basic patient information by retrospectively
reviewing outpatient medical records, including age, sex,
systolic blood pressure at admission, and time from onset to
admission. We combined the outpatients’ medical records with
those of inpatients to determine the history of hypertension,
diabetes, hyperlipidemia, mannitol use, and the Glasgow Coma
Scale score.

Laboratory indicator collection

All laboratory indicators were assessed within 24h of
admission; when the patient had multiple test results, the
first test result was preferentially selected for analysis. The
laboratory indicators collected comprised thrombin time
(TT); activated partial thromboplastin time (APTT); plasma
fibrinogen determination (Fib); international standardized
ratio; prothrombin time; red blood cell counts; hemoglobin
levels; platelet counts; and leukocyte, lymphocyte, neutrophil,
and monocyte counts. We also evaluated electrolyte levels
that may impact ICH (potassium, chloride, and phosphorus
levels) (12-14).

Imaging

The NCCT scan used axial technology and 5-mm thick
slices at 120-140 kV (peak) and 10-500 mA. The first NCCT
image obtained at admission was selected as the baseline image,
whereas the last NCCT image obtained within 72 h was selected
as the follow-up image.

Imaging assessments were performed independently by two
attending radiologists, and investigators were blinded to all
clinical and laboratory variables. When inconsistencies were
observed, solutions were obtained through consultation and
discussion with senior physicians. First, we determined the
location of the ICH (deep, lobar, and infratentorial) and its
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558 patients with spontaneous cerebral hemorrhage (ICH)

Excluded: 87 cases

Without follow-up computed tomography (CT) image: 22 cases
Vascular malformations: five cases

Complete the surgical operation before follow-up CT: 33 cases
Lack of leukocyte on admission: 18 cases

Image artifacts: nine cases

v

471 patients were finally included

FIGURE 1
Flowchart of cohort selection.

penetration of the ventricular system on baseline NCCT images.
Notably, we included ICH of the basal nucleus, internal capsule,
external capsule, insula, and thalamus in deep ICH. Second,
the two attending radiologists independently used the 1/2
ABC formula to gauge the hematoma volume on the baseline
NCCT image and follow-up NCCT image. Specifically, we
regarded the NCCT maximum bleeding diameter as A, the
diameter perpendicular to A as B, and the approximation of
the NCCT bleeding layer multiplied by the layer thickness as
C (15). To avoid subjective differences, we measured follow-
up hematoma volumes after completing baseline hematoma
volume measurements for all patients and then averaged the
two pre- and post-volume measurements observed by the
two radiologists. Finally, we subtracted the average baseline
hematoma volume from the average follow-up hematoma
volume to obtain the difference. Accordingly, dividing the
difference by the average baseline hematoma volume provided
the percent change in hematoma volume.

Outcome measures

The study outcome was HE, which referred to the absolute
and relative increase in hematoma volume at follow-up CT
compared with the baseline hematoma volume. We used two
methods recognized by researchers to define HE (16-21).
For the convenience of expression, we termed these as HE-
Definition 1 (absolute volume increase >6 mL or 33% relative
volume increase) and HE-Definition 2 (absolute volume increase
>12.5mL or 33% relative volume increase).
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Statistical analysis

Baseline characteristic variables are presented as mean +
standard deviation or median and interquartile range based
on the consistency of the data with a normal distribution.
Categorical variables are indicated as percentages. Depending
on the type of data, one-way analysis of variance, the XZ
test, or the Kruskal-Wallis H-test, was used to describe
the normal distribution, categorical variables, or skewed
distribution, respectively.

We used univariate analysis and a binary logistic regression
model to assess the relationship between leukocytes and their
subpopulations on HE. In the binary logistic regression model,
the odds ratios (ORs) and 95% confidence intervals (CIs) of
the unadjusted Model, Model I, and Model II were calculated.
To control for confounders in Model I, we adjusted for sex,
age, location, baseline hematoma volume, time from onset to
admission, history of hypertension, hyperlipidemia, and the
Glasgow Coma Scale score. To observe the effect of coagulation
parameters on the results in Model II, we additionally adjusted
for coagulation parameters (T'T, Fib, and APTT) with P < 0.1
based on Model L.

We
demographic characteristics (age <60 vs. >60 years; sex);

also performed subgroup analyses based on
clinical severity (Glasgow Coma Scale score <8 vs. >8 points;
baseline hematoma volume <30 vs. >30 mL; systolic pressure
<180 vs. >180 mmHg); and medical history (time from onset
to admission <6 vs. >6 h). We evaluated the effect of subgroups
on the relationship between monocyte or neutrophil counts
and HE by adding an interaction term to the models. Data are

presented as ORs and 95% ClIs. Binary logistic regression was
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TABLE 1 Baseline characteristics of the included patients.

Variables

All cohort (n = 471)

10.3389/fneur.2022.992851

TABLE 1 (Continued)

Variables All cohort (n = 471)

Age, mean (SD), years

Baseline volume, mean (SD), mL

TT, mean (SD), s

Fib, mean (SD), g/L

APTT, mean (SD), s

INR, mean (SD)

PT, mean (SD), s

Total leukocyte count, mean (SD), x 10°/L
Neutrophil count, median (IQR), x 10°/L
Lymphocyte count, median (IQR), x109/L
Monocyte count, median (IQR), x109/L
Red blood cell, mean (SD) x10'2/L
Hemoglobin, mean (SD), g/L

Platelet, mean (SD), x10°/L

Potassium, median (IQR), mmol/L
Chlorine, mean (SD), mmol/L
Phosphorus, mean (SD), mmol/L

Time from onset to admission, median (IQR),
hours

Systolic pressure, mean (SD), mmHg

52.62 (12.28)
10.50 (5.10-22.87)
18.09 (3.84)
2.92(0.89)
24.08 (4.86)
0.96 (0.18)
10.94 (2.13)
9.42 (3.45)
5.58 (4.25-7.73)
1.96 (1.34-2.89)
0.45 (0.31-0.59)
4.82 (0.64)
142.38 (18.91)
22591 (61.80)
3.74 (3.46-4.11)
104.25 (4.05)
1.03 (0.24)

1.00 (0.67-4.00)

178.78 (32.30)

Glasgow coma scale score, mean (SD) 12.56 (3.24)

Sex, n (%)

Male 327 (69.43)

Female 144 (30.57)

Baseline intraventricular hemorrhage, n (%)

No 350 (75.11)

Yes 116 (24.89)

Location, n (%)

Deep 355 (76.18)

Lobar 46 (9.87)

Infratentorial 65 (13.95)

Use mannitol before repeat CT, n (%)

No 246 (53.59)

Yes 213 (46.41)

History of hypertension, n (%)

No 76 (16.89)

Yes 374 (83.11)

History of diabetes, n (%)

No 409 (91.29)

Yes 39 (8.71)

Hyperlipidemia, n (%)

No 411 (91.74)

Yes 37 (8.26)

HE-Definition 1, n (%)

No 340 (72.19)

Yes 131 (27.81)
(Continued)
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HE-Definition 2, n (%)
No 355 (75.37)

Yes 116 (24.63)

SD, standard deviation; TT, thrombin time; Fib, plasma fibrinogen assay; APTT, activated
partial thromboplastin time; INR, international normalized ratio; PT, prothrombin
time; IQR, interquartile range; CT, computed tomography; HE-Definition 1, hematoma
expansion (relative volume >33% or absolute volume >6mL); HE-Definition 2,
hematoma expansion (relative volume >33% or absolute volume >12.5 mL).

used to examine associations between neutrophil or monocyte
counts and HE in different subgroups, and P-values for the
interaction were recorded.

A two-tailed P-value < 0.05 was considered as statistically
significant in all analyses. The analyses were performed with R
software, version 3.6.1 (R Foundation for Statistical Computing,
Vienna, Austria); Empower, version 2.21 (X&Y Solutions,
Boston, MA); and GraphPad Prism, version 9.0.0 (GraphPad
Software, San Diego, CA).

Results

The average age of the study participants was 52.62 & 12.28
years, and there were 327 men (69.43%) (Table 1). According
to HE-Definition 1 and HE-Definition 2, 131 (27.81%) and 116
(24.63%) patients experienced HE, respectively.

Univariate analysis (Table 2) showed that baseline volume,
TT, Fib, neutrophil count, lymphocyte count, history of
hypertension, hyperlipidemia, and Glasgow Coma Scale score
were associated with HE according to both definitions (P <
0.05). APTT, monocyte count, and red blood cells were only
associated with HE-Definition 2 (P < 0.05).

Table 3 showed the results of binary logistic regression
analysis. In the unadjusted Model, neutrophil count was
associated with HE-Definition 1 (OR: 0.93, 95% CI: 0.87-1.00,
P = 0.0294) and HE-Definition 2 (OR: 0.93, 95% CI: 0.87-
1.00, P = 0.0493); similarly, lymphocyte count was associated
with HE-Definition 1 (OR: 1.21, 95% CI: 1.06-1.39, P =
0.0062) and HE-Definition 2 (OR: 1.22, 95% CI: 1.06-1.41,
P = 0.0053). Monocyte count was not associated with HE-
Definition 1 (OR: 1.76, 95% CI: 0.91-3.42, P = 0.0952) but was
associated with HE-Definition 2 (OR: 2.08, 95% CI: 1.05-4.14,
P = 0.0368). Meanwhile, leukocyte count was not associated
with HE-Definition 1 (OR: 0.99, 95% CI: 0.93-1.05, P = 0.6972)
or HE-Definition 2 (OR: 1.00, 95% CI: 0.94-1.06, P = 0.9295).

In Model I, leukocyte count [adjusted OR (aOR): 0.92,
95% CI: 0.85-1.00, P = 0.0411] and neutrophil count (aOR:
0.87, 95% CI: 0.80-0.95, P = 0.0015) were associated with
HE-Definition 1, whereas lymphocyte count (aOR: 1.14, 95%

frontiersin.org


https://doi.org/10.3389/fneur.2022.992851
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Qin et al.

TABLE 2 Univariate analysis of hematoma expansion (HE) based on two definitions.

HE-definition 1

10.3389/fneur.2022.992851

HE-definition 2

OR, 95% CI P-value OR, 95% CI P-value
Sex
Male ref ref
Female 0.86 (0.55-1.34) 0.4961 0.87 (0.55-1.39) 0.5673
Age (years) 0.99 (0.97-1.01) 0.2483 0.99 (0.97-1.00) 0.1289
Baseline intraventricular hemorrhage
No ref ref
Yes 1.10 (0.69-1.74) 0.6954 0.96 (0.59-1.57) 0.8763
Baseline volume (mL) 1.03 (1.02-1.04) <0.0001* 1.02 (1.01-1.03) 0.0014*
Location
Deep Ref ref
Lobar 0.91 (0.45-1.83) 0.7974 0.87 (0.41-1.82) 0.7102
Infratentorial 1.15 (0.65-2.04) 0.6357 1.39 (0.78-2.48) 0.2656
TT (s) 1.27 (1.09-1.48) 0.0022* 1.23 (1.05-1.44) 0.0105*
Fib (g/L) 0.69 (0.53-0.90) 0.0068* 0.71 (0.54-0.94) 0.0165*
APTT (s) 1.04 (1.00-1.09) 0.0749 1.05 (1.00-1.10) 0.0298*
INR 1.39 (0.46-4.14) 0.5585 1.44 (0.47-4.39) 0.5215
PT (s) 1.04 (0.96-1.14) 0.3337 1.05 (0.96-1.14) 0.3198
Total leukocyte count (x 10°/L) 0.99 (0.93-1.05) 0.6972 1.00 (0.94-1.06) 0.9294
Neutrophil count (x 10°/L) 0.93 (0.87-0.99) 0.0294* 0.93 (0.87-1.00) 0.0493*
Lymphocyte count (x10°/L) 1.21 (1.06-1.39) 0.0062* 1.22 (1.06-1.41) 0.0053*
Monocyte count (x 10°/L) 1.76 (0.91-3.42) 0.0952 2.08 (1.05-4.14) 0.0368*
Red blood cell (x10'2/L) 1.37 (0.99-1.88) 0.0566 1.43 (1.03-2.00) 0.0348*
Hemoglobin (g/L) 1.01 (1.00-1.02) 0.2120 1.01 (1.00-1.02) 0.1255
Platelet (x10°/L) 1.00 (1.00, 1.00) 0.6290 1.00 (1.00-1.00) 0.5044
Potassium (mmol/L) 1.00 (0.99-1.00) 0.1581 1.00 (0.99-1.00) 0.1788
Chlorine (mmol/L) 0.97 (0.92-1.02) 0.2363 0.98 (0.93-1.04) 0.4882
Phosphorus (mmol/L) 0.41 (0.04-4.35) 0.4625 0.56 (0.05-6.05) 0.6291
Time from onset to admission (hours) 0.98 (0.97-1.00) 0.0551 0.99 (0.97-1.00) 0.1153
Mannitol use before follow-up CT
No ref Ref
Yes 0.71 (0.47-1.08) 0.1071 0.73 (0.47-1.11) 0.1420
Systolic blood pressure (mmHg) 1.00 (0.99-1.00) 0.2977 1.00 (0.99-1.00) 0.5759
History of hypertension (mmHg)
No ref Ref
Yes 2.93 (1.45-5.90) 0.0026* 3.75 (1.67-8.42) 0.0014*
History of diabetes
No ref Ref
Yes 0.88 (0.42-1.87) 0.7420 0.91 (0.42-1.99) 0.8226
Hyperlipidemia
No ref Ref
Yes 0.30 (0.10-0.86) 0.0249* 0.26 (0.08-0.85) 0.0266*
Glasgow Coma Scale score 0.87 (0.82-0.93) <0.0001* 0.88 (0.83-0.94) 0.0002*

CI, confidence interval; OR, odds ratio; T'T, thrombin time; Fib, plasma fibrinogen assay; APTT, activated partial thromboplastin time; INR, international normalized ratio; PT, prothrombin
time; CT, computed tomography; HE-Definition 1, hematoma expansion (relative volume >33% or absolute volume >6 mL); HE-Definition 2, hematoma expansion (relative volume

>33% or/and absolute volume >12.5 mL). Statistically significant values are in asterisks. Variables are presented as n (%) for nominal data and as mean =+ standard deviation or median

(interquartile range) for continuous data. The * symbol indicates the statistically significant values.
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TABLE 3 Binary logistic regression of the relationship of leukocytes and their subpopulations with hematoma expansion (HE) based on two

definitions.
HE-definition 1 HE-definition 2
Exposure Non-adjusted Model I Model 1T Non-adjusted Model I Model IT
OR, 95% CI, P OR, 95% CIL, P OR, 95% CL, P OR, 95% CL, P OR, 95% CIL, P OR, 95% CI, P

Total leukocyte count 0.99 (0.93-1.05) 0.6972 0.92 (0.85-1.00) 0.0411
0.87 (0.80-0.95) 0.0015
1.14 (0.96-1.34) 0.1257

1.61 (0.75-3.44) 0.2178

(
Neutrophil count 0.93 (0.87-1.00) 0.0294
(
(

Lymphocyte count  1.21 (1.06-1.39) 0.0062

Monocyte count 1.76 (0.91-3.42) 0.0952

0.97 (0.89-1.05) 0.4026
0.91 (0.84-1.00) 0.0463
1.14 (0.96-1.34) 0.1414
2.45 (1.02-5.88) 0.0450

)
)
)
)

1.00 (0.94-1.06) 0.9295 0.93 (0.86-1.01) 0.0660
0.88 (0.80-0.96) 0.0037
1.13 (0.95-1.33) 0.1598

1.73 (0.80-3.76) 0.1627

0.97 (0.89-1.06) 0.4841

(
0.93 (0.87-1.00) 0.0493 0.92 (0.84-1.01) 0.0774
(
(

1.22 (1.06-1.41) 0.0053 1.12 (0.95-1.33) 0.1817

2.08 (1.05-4.14) 0.0368 2.54 (1.04-6.20) 0.0399

OR, odds ratio; CI, confidence interval; HE-Definition 1, hematoma expansion (relative volume >33% or absolute volume >6 mL); HE-Definition 2, hematoma expansion (relative volume

>33% or absolute volume >12.5mL). Model I was adjusted for sex, age, location, baseline hematoma volume, time from onset to admission, history of hypertension, hyperlipidemia, and

Glasgow Coma Scale score. Model I was adjusted for sex, age, location, baseline hematoma volume, time from onset to admission, history of hypertension, hyperlipidemia, Glasgow Coma

Scale score, TT, Fib, and APTT.
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FIGURE 2
Association of monocyte count (A) and neutrophil count (B) with the probability of predicting hematoma expansion (HE).

CI: 0.96-1.34, P = 0.1257) and monocyte count (aOR: 1.61, 95%
CI: 0.75-3.44, P = 0.2178) were not significantly associated with
HE-Definition 1. However, leukocyte count (aOR: 0.93, 95% CI:
0.86-1.01, P = 0.0660), lymphocyte count (aOR: 1.13, 95% CI:
0.95-1.33, P = 0.1598), and monocyte count (aOR: 1.73, 95% CI:
0.80-3.76, P = 0.1627) were not associated with HE-Definition
2, whereas neutrophil count was significantly associated with
HE-Definition 2 (aOR: 0.88, 95% CI: 0.80-0.96, P = 0.0037).

In Model II, for every 1-unit increase in monocyte
count, the risk of HE-Definition 1 increased by 1.45 times
(aOR: 2.45, 95% CI: 1.02-5.88, P = 0.0450), and the risk
of HE-Definition 2 increased by 1.54 times (aOR: 2.54,
95% CI: 1.04-6.20, P
the neutrophil count was associated with a 9% reduction
in the risk of HE-Definition 1 (aOR: 0.91, 95% CI:
0.84-1.00, P 0.0463); however, it was not associated
with HE-Definition 2 (aOR: 0.92, 95% CI: 0.84-1.01,
P 0.0774). The relationship between monocyte and
neutrophil counts and HE is shown in Figure 2. Total

0.0399). Each unit increase in
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leukocyte count and lymphocyte count were not significantly
associated with HE-Definition 1 and HE-Definition 2
(all P > 0.05).

Subgroup analysis showed no interaction between age, sex,
baseline hematoma volume, Glasgow Coma Scale score, systolic
blood pressure, or time from onset to admission, regardless
of HE-Definition 1 or HE-Definition 2 in the relationship of
monocyte (Figure 3) and neutrophil counts (Figure 4) with HE
(interaction P > 0.05).

Discussion

Our findings suggest that an elevated monocyte count is
related to a higher risk of HE regardless of the two definitions
of HE, and the relationship between monocyte count and the
risk of HE is independent of coagulation parameters. Moreover,
an increased neutrophil count is associated with a decreased risk
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Hematoma Expansion (Definition1)
Subgrup No.of patients Relative Risk(95%Cl) P value for interaction
Sex 0.5833
Male 271 S 2.37(0.75,7.44)
Female 115 o 1.29(0.21,7.79)
Time from onset to admission,hours 0.4086
<6 306 —— 2.66(1.03,6.84)
>=6 80 0.64 (0.02,18.11)
Glasgow Coma Scale score 0.5314
<8 47 1.33(0.12, 15.09)
>=8 339 —O——— 3.07 (1.20,7.88)
Systolic pressure, nmHg 0.1687
<180 187 5.48 (1.51,19.89)
>=180 197 Ho— 1.51 (0.38, 6.02)
Baseline wlume,ml 0.5699
<30 325 —— 2.56 (1.03, 6.36)
>=30 61 1.11(0.07,17.73)
Age,years 0.1257
<60 289 —— 2.97 (1.10, 8.04)
>=60 97 O 0.32(0.02,5.11)
Summary 386 FO—! 2.46 (1.03,5.90)
-4.00 1.00 6.00 11.00 16.00 21.00
Decreases Hematoma Expansion Increases Hematoma Expansion
Hematoma Expansion (Definition 2)
Subgrup No.of patients Ralative Risk(95%Cl) P value for interaction
Sex 0.9060
Male 271 EO—o 2.04 (0.64,6.45)
Female 115 o—d 2.34(0.32,17.00)
Time from onset to admission,hours 0.9840
<6 306 -o—1 2.35(0.92,5.98)
>=6 80 2.44 (0.06, 35.88)
Glasgow Coma Scale score 0.5239
<8 47 1.39 (0.13, 14.57)
>=8 339 —o— 3.19(1.21,843)
Systolic pressure, nmHg 0.0706
<180 187 o 7.65(1.81,32.33)
>=180 197 Ko 1.25(0.29,5.38)
Baseline wolume,ml 0.4450
<30 325 =o—i 2.92 (1.15,7.40)
>=30 61 Y 1.00 (0.07, 13.69)
Age,years 0.0554
<60 289 —o— 3.43(1.25,942)
>=60 97 o— 0.15(0.01,3.72)
Summary 386 2.58 (1.06, 6.29)
-9.00 1.00 11.00 21.00 31.00 41.00
Decreases Hemato;na Expansion Increases Hematoma Expansion
FIGURE 3
Subgroup analysis of the relationship of monocyte count and hematoma expansion (HE) according to Definitions 1 and 2.

of HE in the context of HE-Definition 1, and this relationship is
independent of coagulation parameters.

Morotti et al. previously reported a relationship between
leukocyte count and HE in a population from Boston (10);
the present results verify some of these results and expand
them to include a Chinese population. The most significant
similarities between the two studies are the positive correlation
of monocyte count with HE and the lack of a relationship
between lymphocyte count and HE. However, there are also
two important differences. First, after adjusting for coagulation
parameters, we found that the total leukocyte count was
no longer associated with HE, and the relationship between
monocyte count and HE was first presented; however, the
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relationship between neutrophil count and HE was not affected
by coagulation parameters. These results suggest an interaction
between leukocyte count and coagulation parameters, and
different leukocyte subsets responded differently to coagulation
parameters. Second, we only observed a relationship between
neutrophil count and HE-Definition 1, which reflects the
influence of the method used to define HE on the results.
Evidently, both definitions of HE resulted in consistent
conclusions regarding the relationship between monocyte count
and HE, thereby improving the reliability of our conclusions.
Our results are consistent with a previous study, which suggested
that the correlation between elevated monocyte levels and HE is
mainly regulated by coagulation (10). Therefore, we compared
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Hematoma Expansion (Definition1)
Subgrup No.of patients Relative Risk(95%Cl) P value for interaction
Sex 0.1910
Male 273 —0— 0.96 (0.87,1.07)
Female 118 e 0.84(0.70,1.01)
Time from onset to admission,hours 0.3150
<6 310 ———i: 0.89(0.80,0.99)
>=6 81 1.01(0.82,1.24)
Glasgow Coma Scale score 0.4231
<8 49 [ —— e — 0.98(0.84,1.15)
>=8 369 0.91(0.81,1.01)
Systolic pressure, nmHg 0.3840
<180 191 ————i 0.96(0.85,1.09)
>=180 198 ——— 0.89(0.78,1.01)
Baseline wlume,ml 0.3036
<30 330 —— 0.91(0.82,1.01)
>=30 61 — 1.02(0.85,1.23)
Age,years 0.7610
<60 293 —— 0.93(0.84,1.03)
>=60 98 0.97(0.78,1.19)
Summary 386 ._0_1 0.91(0.84,1.00)
0.69 0.80 1.20 1.40
Decreases Hematoma Expansion Increases Hematoma Expansion
Hematoma Expansion (Definition2)
Subgrup No.of patients Relative Risk(95%Cl) P value for interaction
Sex 0.1086
Male 273 —r— 0.98(0.88,1.09)
Female 118 —_— 0.82(0.68,1.00)
Time from onset to admission,hours 0.3257
<6 310 —— 0.92(0.83,1.02)
>=6 81 1.04(0.84,1.29)
Glasgow Coma Scale score 0.2586
<8 49 —_—— 1.01(0.87,1.18)
>=8 369 ——= 0.91(0.81,1.02)
Systolic pressure, nmHg 0.3949
<180 191 —— 0.97(0.86,1.10)
>=180 198 —— 0.90(0.78,1.03)
Baseline wlume ml 0.1822
<30 330 —— 0.91(0.82,1.01)
>=30 61 —— 1.05(0.88,1.26)
Age,years 0.9866
<60 293 —0— 0.94(0.85,1.04)
>=60 98 0.94(0.75,1.18)
Summary 386 I—@— 0.92(0.84,1.01)
0.60 0.80 1.00 1.20 1.40
Decreases Hematoma Expansion Increases Hematoma Expansion
FIGURE 4
Subgroup analysis of the relationship of neutrophil count and hematoma expansion (HE) according to Definitions 1 and 2.

the results before and after adjusting for the coagulation
parameters (TT, Fib, and APTT). The evidence shows that the
relationship between monocytes and the coagulation process
is complex, with simultaneous procoagulant and anticoagulant
properties. Under normal physiological regulations, the two are
relatively balanced, and inflammatory stimulation can change
the balance (22-24). Conversely, the expression of monocyte-
derived tissue factors can promote thrombin and stable
fibrinogen production (22, 24). In contrast, thrombomodulin
on the surface of monocytes inhibits procoagulant activity,
interferes with thrombus formation, and destabilizes fibrin (23);
previous studies have used this mechanism to explain the
positive correlation between monocyte count and HE (10, 25).

Frontiersin Neurology

However, our study showed that coagulation parameters had a
great impact on the relationship between monocyte count and
HE, but the coagulation parameters were not the main reason
for high monocyte count being associated with increased HE
risk, because only after adjusting these for these coagulation
parameters that the monocyte count significantly correlated with
HE. We speculate that this may be due to the predominance
of coagulation characteristics of monocytes over anticoagulation
characteristics within 72h after ICH; however, this needs to
be proven by future research. Besides, Mei et al. (26) reported
that the proportion of monocytes in peripheral blood increased
during the acute phase of ICH (6 h after onset). Another study
also suggested that changes in monocytes may be closely related
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to the process of ICH (27). However, there was no interaction
between the subgroups (time from onset to admission <6 h vs.
>6h) in our study. In summary, our study provides clinical
evidence that higher monocyte count is associated with an
increased risk of HE.

Our study shows that elevated neutrophil count reduces the
risk of HE only for Definition 1, which is somewhat consistent
with the findings of the Boston study (10). The mechanism
may be related to the release of lactoferrin from neutrophils,
prompting an increase in iron clearance (11) and the marked
procoagulant properties of activated neutrophils (10). The
association between neutrophil count and HE-Definition 2 was
almost statistically significant (P = 0.07). This highlights the
impact of using different methods of defining HE on the results.
Since there is no consensus definition for HE yet, it is difficult to
determine which definition of HE is closer to the actual clinical
phenomena. We observed that neutrophil count might have less
influence on HE than monocyte count because of the impact
of the HE definition. Hence, when compared with other studies
wherein Definition 1 was used for HE, neutrophil count was as
valuable as other risk factors for HE (28).

Morotti et al. (10, 29) reported that leukocyte count
might reduce HE by enhancing coagulation because of the
interactions between leukocytes and platelets, endothelial cells,
and coagulation factors. In our study, after adjusting for TT,
Fib, and APTT, the leukocyte count was not associated with HE.
This confirms that leukocytes limit HE by interacting with the
coagulation process rather than directly affecting HE processes.

Preclinical studies have shown that certain lymphocyte
subsets can disrupt the BBB by reducing the expression of
claudin, destroying endothelial cells and their tight junctions,
and mediating endothelial cell apoptosis (26, 30); hence,
the disruption of the BBB contributes to HE (31). These
results suggest that lymphocytes participate in the disruption
of the BBB, which inevitably leads to HE. However, to
the best of our knowledge, this hypothesis has not been
Our study showed that
lymphocyte count was not significantly associated with
HE either.

The following five points describe the strengths of our study:

confirmed in clinical studies.

first, our study demonstrates that the earlier findings reported
by Morotti et al. are also applicable in China. Second, we
adopted two definitions for HE to improve the study’s accuracy.
Third, our findings apply to a wider population because we
did not limit the time from onset to patient admission. Most
previous studies only included patients with HE within 24h
from onset (21, 32), and a few studies expanded this to 48 h
(10). Fourth, other Chinese studies are limited to the role of
a single leukocyte type in ICH, which makes it difficult to
exclude population differences when interpreting the results
of different studies. However, our study is valuable for future
research because of the simultaneous analysis of the role of
the three leukocyte subsets in HE in the same population.

Frontiersin Neurology

19

10.3389/fneur.2022.992851

Finally, leukocyte count is a readily available laboratory indicator
during admission that can be obtained cost-effectively and is
easily instituted, making our methodology and results easily
translatable to clinical settings.

In summary, our study contributes to the risk stratification
of HE in an acute clinical setting. For patients with a
higher monocyte count and lower neutrophil count, physicians
should shorten the time for NCCT revision and provide
more attentive care. Furthermore, considering the diametrically
opposed representations of monocytes and neutrophils in
HE, physicians should be cautious of employing traditional
holistic anti-inflammatory approaches for treating patients
with ICH and consider individualizing the strengths of
different subpopulations.

Regardless, our study had the following limitations. First,
our study was limited by the retrospective nature of the
cohort; therefore, some patients were excluded because of a
lack of routine blood tests and follow-up NCCT. Second, the
results cannot be extrapolated to patient groups excluded from
the study. Third, we did not exclude other systemic diseases
that might affect leukocytes and their subpopulations, which
might slightly weaken our findings; however, we still obtained
results that were somewhat similar to previous studies. Fourth,
the 1/2ABC formula has been proven to overestimate the
hematoma volume (33). Hence, even if the 1/2ABC formula
was proved to be accurate in the change of hematoma
volume (33), it might still affect the results. Fifth, our study
lacked multi center data. Finally, our research population was
limited to a Chinese population with certain geographical and
ethnic restrictions, which may affect the generalizability of
the results.

In conclusion, after excluding the influence of coagulation
parameters, a higher monocyte count is associated with
higher HE risks regardless of the two HE definitions,
which facilitates risk stratification. Nevertheless, the underlying
pathophysiological mechanisms requires further investigation.
Moreover, an increased neutrophil count is associated with a
decreased risk of HE in the context of HE-Definition 1, which
reflects the importance of standardizing the definition of HE.
More clinical studies are needed to explore a standard for HE.
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Background: This study aimed at comparing the difference in prognostic
outcomes between patients receiving general anesthesia (GA) and conscious
sedation (CS) for endovascular thrombectomy after acute ischemic stroke.

Methods: Databases from Medline, Embase, Google scholar, and Cochrane
library were searched for randomized controlled studies (RCTs) comparing
patients undergoing GA and CS for endovascular thrombectomy following
anterior circulation ischemic stroke. The primary outcome was frequency of
90-day good functional outcome [defined as modified Rankin Scale score of
<2], while secondary outcomes included successful recanalization rate (SRR)
li.e.,, modified thrombolysis in cerebral infarction = 2b or 3], mortality risk,
symptomatic intracranial hemorrhage (ICH), procedure-related complications,
hypotension, pneumonia, neurological outcome at post-procedure 24-48h,
and puncture-to-recanalization time.

Results: Six RCTs including 883 patients published between 2016 and 2022
were included. Merged results revealed a higher SRR [risk ratio (RR) = 1.11,
95% Cl: 1.03-1.2, p = 0.007; 12 = 29%] and favorable neurological outcomes
at 3-months (RR = 1.2, 95% Cl: 1.01-1.41, p = 0.04; /2 = 8%) in the GA group
compared to CS group, without difference in the risk of mortality (RR = 0.88),
symptomatic ICH (RR = 0.91), procedure-related complications (RR = 1.05),
and pneumonia (RR = 1.9) as well as post-procedure neurological outcome
(MD = —0.21) and successful recanalization time (MD = 3.33 min). However,
GA was associated with a higher risk of hypotension compared with that of CS.
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Conclusion: Patients with acute anterior circulation ischemic stroke receiving
GA were associated with a higher successful recanalization rate as well as a
better 3-month neurological outcome compared to the use of CS. Further
investigations are warranted to verify our findings.

Systematic

review

registration: www.crd.york.ac.uk/prospero/display_

record.php?ID=CRD42022342483, identifier: CRD42022342483.

KEYWORDS

stroke, endovascular thrombectomy, general anesthesia, sedation, prognosis

Introduction

Endovascular thrombectomy (EVT) has revolutionized the
treatment of acute ischemic stroke (AIS) with large-vessel
occlusion in the anterior circulation since 2015 when several
clinical trials demonstrated its efficacy for reperfusion (1,
2). Several prognostic factors have been identified for the
achievement of better neurologic outcome of EVT, including a
shorter reperfusion time and a stable hemodynamic condition
during the procedure (3-5). Consistently, one observational
study reported a 10% reduction in the probability of a
good outcome for every 15-min delay in EVT reperfusion
(6), highlighting the importance of shortening the door-to-
reperfusion time. For patients receiving EVT, the most common
anesthetic modalities include general anesthesia (GA) and
conscious sedation (CS), both of which have their pros and cons
(7-9). The choice of the optimal anesthetic approach to EVT
is still under debate. Observational studies comparing GA with
other strategies (i.e., local anesthesia or CS) have reported poorer
outcomes in patients receiving GA for EVT (10-12). In contrast,
pooled evidence from a recent meta-analysis (7) focusing on
five randomized controlled trials (RCTs) (13-18) demonstrated
favorable successful recanalization rate (SRR) and functional
outcomes associated with GA compared to CS. Nevertheless,
the limited sample size in that meta-analysis (i.e., 498 patients)
(7) may impair the robustness of their findings. Recently, one
multicenter RCT involving 351 patients from France showed
comparable functional outcomes between patients receiving GA
and those undergoing CS for EVT (19). Taking into account the
limitations of the previous meta-analysis (7) and the availability
of updated data, we conducted this systematic review and meta-
analysis to provide more evidence for clinical decision.

Abbreviations: EVT, endovascular thrombectomy; AlS, acute ischaemic
stroke; CS, conscious sedation; GA, general anesthesia; mRS, modified
Rankin Scale; TICI, thrombolysis in cerebral infarction; NIHSS, National
Institutes of Health Stroke Scale; RR, risk ratio; MD, mean difference; RCT,
randomized controlled study; SRR, successful recanalization rate; ICH,

intracranial hemorrhage.
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Methods

This review was reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement guidelines and was registered at the
PROSPERO international database (CRD42022342483).

Search strategy and studies selection

We searched the databases of Embase, Medline, and the
Cochrane controlled trials register for peer-reviewed RCTs
comparing the prognostic outcomes between GA with CS in
patients requiring EVT using the keywords “general anesthesia,”

» o«

“conscious sedation,” “stroke” or “thrombectomy” and their
synonyms as well as controlled vocabulary from inception to
June 28, 2022. There were no restrictions on age, language,
gender, publication date, sample size, and geographic location
during literature search. We also reviewed relevant meta-
analyses to retrieve related articles. The syntax and search
strategies for one of these databases (i.e., Medline) is illustrated
in Supplementary Table 1.

After removal of duplicated citations, two independent
authors examined the titles and abstracts of the remaining
records to determine the eligibility for inclusion before
a full-text the
authors were settled by consensus or discussion with a
third author.

review. Disagreements between two

Study selection criteria

Studies were considered to be eligible for inclusion if the
following criteria were fulfilled: (a) Population: adult patients
(i.e., >18 years) receiving EVT for acute anterior circulation
ischemic stroke regardless of timing of symptom onset (i.e., <6 h
or >6h), (b) Intervention: use of GA as an anesthetic approach
(GA group) regardless of the thrombectomy technique, (c)
Comparison: CS with or without the use of local anesthetics (CS
group). CS was defined as the use of sedative or/and analgesic
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agents via intravenous route to provide sedative, amnesic,
analgesic, or anxiolytic effects, (d) Outcomes: prognostic
successful recanalization rate and

outcomes including

neurological outcomes.

Primary outcome, secondary outcomes,
and definitions

Primary outcome
e Frequency of good functional outcome (i.e., functional
independence), which was defined as one with a modified
Rankin Scale (mRS) score of 0-2, at 3-month follow-up.

Secondary outcomes
e SRR following EVT. Successful recanalization referred

to an achievement of an extended or modified
thrombolysis in cerebral infarction (TICI) scale of
2b or 3.

e Risk of mortality within 3-months.

e Risk of symptomatic intracranial hemorrhage (ICH)
during hospitalization.

e Risk of procedure-related complications.

e Risk of hypotension, the definition of which was according
to that defined in individual studies.

e Risk of pneumonia.

e Neurological outcome at post-procedure 24-48 h assessed
with the NIHSS.

e Time from puncture to successful recanalization,

which referred to the period from groin puncture to

arterial reperfusion.

Analysis and assessment of risk of bias

Cochrane Review Manager (RevMan 5.3; Copenhagen: The
Nordic Cochrane Center, The Cochrane Collaboration, 2014)
was used for data synthesis. Risk ratios (RRs) or mean difference
(MD) with 95% confidence intervals (CIs) were calculated
based on a random effects model assuming heterogeneity
across studies (20, 21). Heterogeneity was assessed with I?
statistics [i.e., low (I2 < 50%), moderate (I = 50-75%), and
high (I > 75%)]. For studies with a high heterogeneity (I?
> 50%), a leave-one-out sensitivity analysis was conducted
to evaluate stability of results (22). A probability value of
<0.05 was considered statistically significant for all (including
subgroup) analyses.

Two authors independently assessed the risk of bias for
each study using the revised Cochrane risk-of-bias tool for
randomized trials (RoB 2.0) (23) based on five domains, namely,
possible bias from the randomization process, deviations
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from intended interventions, outcome measurement, missing
outcome, and selection of the reported results.

To minimize false-positive results attributed to multiple
testing and sparse data, trial sequential analysis (TSA)
with TSA viewer version 0.9.5.10 Beta (www.ctu.dk/tsa)
was conducted to test the robustness of the cumulative

evidence as previously reported (24). Following the
calculation of the required information size (RIS) and the
trial sequential monitoring boundaries, the correlation

between the cumulative Z curve and the TSA boundary
RIS for dichotomous

outcomes, two-sided tests were adopted with a type I error,

was examined. To calculate the
power, and a relative risk reduction being set at 5, 80, and
20%, respectively.

Results

Study selection and characteristics of
included studies

Figure 1 shows the various reasons for study exclusion after
full-text screening. Finally, six RCTs involving 883 patients
undergoing EVT published from 2016 to 2022 were included in
this meta-analysis (14-19). Study characteristics are described
in Table 1. The median or mean age of the participants ranged
from 60 to 73 years with a proportion of male gender being 44-
66%. The six studies that provided details regarding the baseline
NIHSS score (range: 13-20) all reported no difference between
the GA and CS groups (14-19). The sample size of individual
RCT varied between 40 and 345. In the CS group, the anesthetic
conversion rates were between 4.5 and 20% with a pooled
incidence of 10.3% (Supplementary Figure 1). The reasons
for conversion are demonstrated in Supplementary Table 2,
revealing that patient agitation was the most common reason for
conversion. In the GA group, anesthetic agents for maintenance
of anesthesia included sevoflurane (one study) (15) and propofol
(four studies) (16-19) with the use of remifentanil, while one
study did not provide relevant details (14). In the CS group,
propofol with or without short-acting opioids was used in the
three studies (16-18). The two other trials only adopted short-
acting opioids (i.e., remifentanil) to provide CS (15, 19), and
one study did not report this information (14). Of the six
studies included in the present meta-analysis, two provided
information about brain infarct volume 3 days following acute
stroke. One of the studies demonstrated a notable reduction
in final infarct volume in the GA group compared to that in
the CS group (22.3 vs. 38.0mL, respectively, p = 0.04) despite
a lack of significant difference in the initial infarct volume
(10.5 vs. 13.3mL) and infarct growth (8.2 vs. 19.4mL) (16),
while the other only showed comparable final infarct volume
between the two groups (i.e, 20 vs. 20mL) (15). The risks
of bias of individual studies are summarized in Figure 2. The
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FIGURE 1
PRISMA flow diagram of study selection for the current meta-analysis.

anesthetic conversion rate was 5-10% and >10% in two (16,
18) and three (14, 15, 17) studies, respectively. Accordingly,
the risk of these studies were considered to be uncertain
or high.

Outcomes

Primary outcomes

Pooled analysis showed a high frequency of good functional
outcomes (RR = 1.2, 95% CI: 1.01 to 1.41, p = 0.04; I?
8%) (Figure 3A) in the GA group compared to the CS group

(14-19). Sensitivity analyses were not performed due to a low
heterogeneity. Crossing of the cumulative Z-curve over RIS on
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TSA suggested sufficient evidence to reach a sound conclusion
for this primary outcome (Figure 3B).

Secondary outcomes: Procedure-related
outcomes

Regarding procedural outcomes, the merged results revealed
a higher SRR (RR = 1.11, 95% CI: 1.03 to 1.2, p = 0.007;
1> = 29%) in the GA group than that in the CS group
(Figure 4A). However, patients receiving GA also had a higher
hypotension risk compared to those undergoing CS for EVT (RR
= 1.59, 95% CI: 1.2 to 2.1, p = 0.001, 12 = 78%) (Figure 4B).
Sensitivity analysis for this outcome demonstrated a consistent
finding when certain studies were removed one at a time.
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Conversion Country
Rate
(%)9

CS N
group

GA
group

Endovascular technique

Male (%) NIHSS IV t-PA
Score at (%)
baseline

Age
(years)

TABLE 1 Characteristics of studies (n = 6).

Author-year (trial)

Frontiersin Neurology

B (%) C (%)

A (%)

5.6 Sweden

1

90

58 vs. 51 20vs. 17 73 vs. 80 NR NR NR S,R

73vs. 72

Lowhagen Hendén et al. (15)

(Anstroke)

France

4.5

345

47 vs. 44 16 vs. 16 66 vs. 65 NR NR NR PR

71vs.73

Maurice et al. (19) (GASS)

Ren et al. (18)

China

PD,F 130 9.5

54 vs. 57 14 vs. 14 77 vs. 81 NR NR NR PR,D

69 vs. 69

Germany

NR NR 150 14.3

66 vs. 55 17 vs. 17 63 vs. 65 82 vs. 86 8vs. 5 22vs. 16

72vs. 71

Schonenberger et al. (14) (SIESTA)
Simonsen et al. (16) (GOLIATH)

Sun et al. (17) (CANVAS)

Demark

128 6.3

PF

55vs. 48 18 vs. 17 77 vs. 73 22vs. 19 39 vs. 38 17 vs. 16 PR

71vs. 72

20 China

PSu 40

65 vs. 65 14vs. 13 45vs. 55 10 vs. 15 40 vs. 45 50 vs. 40 PR

67 vs. 60

NR, not reported; GA, general anesthesia; CS, conscious sedation; IV, intravenous; NTHSS; A: stent retriever; B: direct aspiration; C: stent retriever combined with direct aspiration; §Conversion to general anesthesia; NIHSS, National Institutes of Health

Stroke Scale; P, propofol; F, fentanyl; R, remifentanil; D, dexmedetomidine; S, sevoflurane; Su, sufentanil.
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FIGURE 2

Summary of different categories of risk of bias of the included
studies. Green: low risk of bias; yellow: moderate risk of bias;
red: high risk of bias.

Nevertheless, the cumulative duration of hypotension episode
was comparable between the two groups (MD = 0.86 min, 95%
CL: —1.78 to 3.5, p = 0.52, 2 =0) (Figure not shown). No
significant difference was noted in the duration from puncture
to reperfusion (MD = 3.33, 95% CL: —4.87 to 11.53, p =
0.43, I = 50%) (Figure 4C) and the risk of procedure-related
complications (RR = 1.05, 95% CI: 0.64 to 1.74, p = 0.85,
I? = 0%) between the two groups (Figure 4D). Sensitivity
analyses were not performed for other outcomes because of a
low heterogeneity.

Crossing of the cumulative Z-curve over the trial
sequential monitoring boundary in two outcomes (i.e.,
SRR, and risk of hypotension) (Supplementary Figures 2, 3)
on TSA indicated sufficient evidence for these three
outcomes to reach a firm conclusion. In contrast, TSA
for puncture to reperfusion time and procedure-related
complications demonstrated a failure of interaction
between the cumulative Z-curve and the futility boundary
(Supplementary Figures 4, 5), implicating insufficient evidence
for a robust conclusion.

Secondary outcomes: Other prognostic
outcomes

Forest plots demonstrated no significant difference in
NIHSS score at 24-48h (MD = —0.21, 95% CI: —1.12 to

frontiersin.org


https://doi.org/10.3389/fneur.2022.1017098
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Lee et al. 10.3389/fneur.2022.1017098
A
GA Ccs Risk Ratio Risk Ratio
- v, E om.95%ClI
Léwhagen Hendén 2017 (AnStroke) 19 45 18 45 10.7% 1.06 [0.64, 1.73] N
Maurice 2022 (GASS) 66 169 63 176 31.1% 1.09[0.83, 1.43] =
Ren et al. 2020 24 48 21 42 14.9% 1.00 [0.66, 1.51]
Schoénenberger 2016 (SIESTA) 27 73 14 77 8.4% 2.03[1.16, 3.56] -
Simonsen 2018 (GOLIATH) 44 65 32 63 27.2% 1.33[0.99, 1.79] -
Sun 2020 (CANVAS) 11 20 10 20 7.6% 1.10 [0.61, 1.99] -
Total (95% CI) 420 423 100.0% 1.20 [1.01, 1.41] <
Total events 191 158 ) ) ) )
Heterogeneity: Tau? = 0.00; Chi? = 5.45, df =5 (P = 0.36); I = 8% g y ) 4
g h 0.2 0.5 1 2 5
Test for overall effect: Z =2.10 (P = 0.04) Favours [CS] Favours [GA]
B
Cumulative Z-Score L . "
XN Required information size = 628
b
7 Ry
= 9 S
T
O g .
@ | Tl
I
s | T/
sel T
Le, B - __—9% Z-curve
e -
| //_/_‘_./I—
\\\\\\\\\\ o Number of patients
o T (Linear scaled)
e —— DS
(g “—_’ ____________ A4 v
2 -
I
e
Sec+v
-2 "
O ® -5 e
53 g
L o -6 v
0 ,/”
-8 ,/’,
Required information size is a Two-sided graph
FIGURE 3
(A) Forest plot comparing the risk of good functional outcome between general anesthesia (GA) and conscious sedation (CS) groups. M-H,
Mantel-Haenszel; Cl, confidence interval; (B) Trial sequential analysis of risk of good functional outcome. The risk of type | error was set at 5%
with a power of 80%.

0.69, p = 0.65, 2 =0 (Figure 5A) as well as the risks
of pneumonia (RR = 1.9, 95% CI: 096 to 3.77, p =
0.07, I*> = 37%) (Figure 5B), symptomatic ICH (RR = 0.91,
95% CI: 0.64 to 1.28, p = 0.58, 2 = 0) (Figure 5C), and
mortality at 3-month follow-up (RR = 0.88, 95% CI 0.64
to 1.22, p = 0.44; 2 = 12%) (Figure 5D) between the two
groups. Sensitivity analyses were not performed due to a low
heterogeneity for all the outcomes. TSA for difference in NTHSS
score was ignored because of inadequate information for TSA
boundary construction (Supplementary Figure 6). For the risks
of pneumonia, symptomatic ICH, and mortality rate, failure of
the cumulative Z-curve to cross the trial sequential monitoring
boundary or the futility boundary suggested inconclusive
evidence for these outcomes (Supplementary Figures 7-9).
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Discussion

Focusing on patients with AIS undergoing EVT, our results
revealed a higher successful recanalization rate in GA compared
with CS groups (85.7% vs. 75.7%, respectively) with similar
duration of puncture to reperfusion and risk of procedure-
related complications. There was also no difference in the
immediate neurological outcome (i.e., NIHSS score at 24-48 h)
between the GA and CS groups. Nevertheless, the 3-month
neurological prognosis (i.e., functional independence) was better
in the former than the latter (45.5% vs. 37.4%, respectively)
without significant differences in the risks of 3-month mortality,
symptomatic ICH, and pneumonia between the two groups.
Despite a higher incidence of hypotension episodes with the use
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interval; M-H, Mantel-Haenszel.

Favours [GA] Favours [CS]

Forest plot comparing (A) successful recanalization rate, (B) hypotension risk, (C) duration from puncture to reperfusion, and (D) risk of
procedure-related complications between general anesthesia (GA) and conscious sedation (CS) groups. IV, inverse variance; Cl, confidence

of GA, there was no difference in the accumulative period of
hypotension between the two groups. The pooled conversion
rate from CS to GA was 10.3%.

Our RCTs
demonstrated that the use of GA was associated with a

updated meta-analysis including = six

higher recanalization rate and more favorable functional
outcome compared to the use of CS during EVT. The lack of
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a significant difference in baseline NIHSS score between the
two groups together with our findings of better outcomes in
the GA group compared to the CS group further supported
the superiority of GA to CS in this clinical setting. Indeed, the
worse treatment outcome among patients with acute stroke
who underwent GA than in those receiving CS in early studies
has been found to be attributable to selection bias as those
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FIGURE 5
Forest plot comparing (A) National Institutes of Health Stroke Scale (NIHSS) score at 24—48 h, (B) risk of pneumonia, (C) symptomatic intracranial
hemorrhage (ICH), and (D) mortality at 3-month follow-up between general anesthesia (GA) and conscious sedation (CS) groups. IV, inverse
variance; Cl, confidence interval.

with a more severe condition tended to receive GA for EVA
(25). Although our main findings were consistent with those
of a previous meta-analysis (7), the advantages of the present
investigation included the enrollment of more participants (i.e.,
883 patients) and the use of TSA to examine the robustness
of our evidence. Our findings on functional outcome were
inconsistent with those of a recent meta-analysis that included
seven RCTs (anterior cranial circulation, n = 6; posterior cranial
circulation, n = 1) for comparing the impact between GA
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and non-GA in patients with AIS receiving EVT. While the
current study showed a significant association between GA with
3-month functional outcome compared with CS, the recent
meta-analysis demonstrated no difference between the GA
and non-GA groups (i.e., conscious sedation, local anesthesia,
monitored anesthesia care) (26). The discrepancy in results
may be explained by the differences in the number of RCTs
included for functional outcome analysis; while the current
study extracted relevant information from six RCTs (14-19), the
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recent meta-analysis only focused on four of our six included
studies (14, 15, 17, 19). Further examination of the adequacy
of patient sample size of the previous meta-analysis (26) with
TSA indicated no crossing between the z-curve and the RIS
(data not shown), suggesting insufficient evidence to reach a
sound conclusion for this outcome (26). In contrast, TSA of
the current study demonstrated a satisfactory sample size for
reaching a robust conclusion (Figure 3).

Several factors may contribute to the favorable neurological
outcome (i.e., functional independence at 3-months) in the GA
group in the current study. Although a number of studies have
reported an association between 3-month neurological outcome
and recanalization rate (2, 7, 8, 27), the higher recanalization rate
in the GA group may only be one of the possible explanations
for our promising outcome. In fact, some authors suggested
that the possible neuroprotective effects of anesthetic agents
being used in GA may be more important contributors to a
better outcome compared to a high recanalization rate (28).
Consistently, a previous meta-analysis demonstrated that the
use of GA was associated with a better neurological outcome
compared to those with CS for patients with recanalization
failure, supporting the potentially neuroprotective effect of GA
(28). Such a neuroprotective action of GA against ischemic
brain infarct was further underscored by a reduced final infarct
volume and infarct growth in one of our included trials despite
the lack of statistical significance of the latter (16). In concert
with this proposal, previous clinical and animal studies have
reported a neuroprotective effect of anesthetic agents (29). For
instance, propofol has been found to be protective against
ischemia-reperfusion injury through suppressing oxidative
stress-related astrocyte injuries, reinforcing astroglial-mediated
neuronal defense (29), reducing cerebral metabolism, enhancing
antioxidant ability, and redirecting cerebral blood flow to focal
ischemic penumbra area (30). Nevertheless, one of the novel
findings of the current meta-analysis was a higher recanalization
rate in the GA group compared to that in the CS group
without a significant difference in immediate post-procedural
NIHSS between the two groups. Although the subsequent more
significant improvement in neurological outcome at 3-months
in the GA group than that in the CS group may still support
a long-term beneficial influence of anesthetics as propofol was
used for anesthetic maintenance in four out of our six included
studies (16-19), the higher EVT recanalization rate in the former
may contribute to the favorable outcome.

Despite potential benefit from propofol, concurrent use
of opioid with propofol may lead to respiratory depression
and subsequent hypercapnia in the CS group in the current
meta-analysis. A hypocapnic state has been shown to widen
the plateau region of the autoregulatory curve (31), thereby
improving cerebrovascular autoregulatory capacity to maintain
a constant CBF
perfusion pressure (32). Improving the autoregulatory capacity

in the face of fluctuations in cerebral

of cerebrovascular is of particular importance in disease
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situations such as acute stroke in which the patient may
experience extremes of cerebral perfusion pressure from rising
intracranial pressures or uncontrolled hypertension (32). In this
way, our finding of a poorer 3-month neurological outcome
in the CS group compared to patients undergoing GA for
EVT may support this argument, taking into consideration
the possibility of respiratory depression-induced hypercapnia in
patients receiving CS.

Several retrospective studies reported that hypotension
during the procedure is a poor prognostic factor for EVT
(3, 4, 33). In the present meta-analysis, although the risk
of hypotension was higher in the GA compared to the CS
groups, there was no difference in the cumulative duration
of hypotension attack. Our apparently contradictory finding
of more significantly improved functional outcome in the GA
group compared to patients subjected to CS may suggest a
relatively minor role of hypotension provided that there was no
prolonged hypotensive episode as well as related complications.
Accordingly, our results implied that the beneficial effect of
GA may outweigh its associated risk of hypotension given that
the patients are monitored under strict protocols. Therefore,
in patients scheduled for EVT under GA, a well-designed
management strategy for hemodynamic instability should be
incorporated into the peri-procedural care protocol to optimize
neurological outcome.

Despite a substantially lower anesthetic conversion rate
compared with patients receiving local anesthesia without
sedation (i.e., 17.5%) (34), the conversion rate in the current
meta-analysis remained high at ~10.3%, which was comparable
to that reported in a previous meta-analysis of retrospective
studies (i.e., 8.8%) (34). Conversion from a non-GA approach
to GA is known to prolong the procedural time and have
a theoretical detrimental effect on neurological outcomes as
described in a retrospective clinical report on the effect of
conversion from CS to GA (9). Taking into account the high
conversion rate from a non-GA approach, GA may be the first
choice for patients who are scheduled for EVT to minimize the
risk of procedural delay. Nevertheless, despite our finding of a
tendency of an increased pneumonia risk in patients receiving
GA compared to CS based on a random-effects model, it failed
to reach statistical significance. Our result was inconsistent with
that of a previous meta-analysis that used a fix-effects model
and demonstrated a significant increase in risk of pneumonia
among patients receiving GA for EVT (7). Because TSA in
the current meta-analysis suggested inconclusive evidence, this
finding remains a concern for patients receiving GA for EVT.

There are some limitations in our study. First, the sample
size of only six RCTs was not large enough to reach a sound
conclusion. Besides, most were single-center studies with well-
trained neuro-anesthetic teams which may not be available in
a real world scenario. Second, because the depth of sedation
varies with the goals of CS, the lack of a standardized sedation
goal for EVT may affect the conversion rate from CS to GA
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which, in turn, could influence the risk of poor clinical outcome
(9). Third, the use of different anesthetic agents may bias our
results. For instance, there were four RCTs using propofol and
one choosing sevoflurane for anesthetic maintenance, while the
other did not give details regarding anesthetic agents (14-19).
Volatile agents such as sevoflurane have a vasodilatory effect
which may worsen clinical outcome by diverting intracranial
blood flow away from the ischemic penumbra area, especially
in the presence of systemic hypotension (30). Nevertheless, the
low heterogeneity across our studies suggested robustness of
our findings. Fourth, a previous meta-analysis reported that
although the choice of thrombectomy technique (i.e., direct
aspiration approach vs. stent-retriever) had no influence on the
rate of successful recanalization, a better functional outcome
at 3-months was noted in patients receiving direct aspiration
(35). In the current meta-analysis, the proportion of patients
receiving direct aspiration ranged from 8 to 40% in three
trials, while the other three studies did not provide relevant
details. Therefore, potential confounding effects from the use of
different thrombectomy techniques across our included studies
cannot be ruled out. Finally, because we did not include one
ongoing trial (Sedation vs. General Anesthesia for Endovascular
Therapy in Acute Ischemic Stroke; SEGA, NCT 03263117) in the
present meta-analysis because of the unavailability of data for
analysis, the impact of the outcomes of that study on the pooled
results remains to be elucidated.

Conclusion

Among patients with acute ischemic stroke from large
vessel occlusion in the anterior circulation, endovascular
thrombectomy under general anesthesia was associated with
a higher successful recanalization rate as well as a better
3-month neurological outcome compared to the use of
conscious sedation. Because of the small effect size and the
tendency toward an increased pneumonia risk related to general
anesthesia, whether the benefit of general anesthesia outweighs
its risk remains to be elucidated.
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Objective: The research objective was to evaluate the predicting role of the
vascular endothelial growth factor to CBP/P300-interacting transactivator with
Glu/Asp-rich C-terminal domain 2 Ratio (VEGF/CITED?2) from peripheral blood
mononuclear cells (PBMCs) in the collateral circulation of acute ischemic
stroke (AIS).

Methods: In an observational study of patients with AlS, the western blot was
applied to test the protein expression of VEGF and CITED2. Then, we calculated
the VEGF/CITED?2 and collected other clinical data. Binary logistic regression
analysis between collateral circulation and clinical data was performed. Finally,
receiver operating characteristic (ROC) curve analysis was used to explore the
predictive value of VEGF/CITED2.

Results: A total of 67 patients with AIS were included in the study. Binary
logistic regression analysis indicated the VEGF/CITED2 (OR 165.79, 95%Cl
7.25-3,791.54, P = 0.001) was an independent protective factor. The ROC
analyses showed an area under the ROC curve of the VEGF/CITED2 was 0.861
(95%Cl1 0.761-0.961). The optimal cutoff value of 1.013 for VEGF/CITED2 had
a sensitivity of 89.1% and a specificity of 85.7%.

Conclusion: In patients with AIS, the VEGF/CITED2 was related to the
establishment of collateral circulation. The VEGF/CITED?2 is a potentially
valuable biomarker for predicting collateral circulation.

Clinical trial registration: ClinicalTrials.gov, identifier: NCT05345366.

KEYWORDS

collateral circulation, VEGF/CITED2, AlS, PBMCs, biomarker

Introduction

Acute ischemic stroke (AIS) is a common neurological event of disability and death
(1). Its clinical prognosis varies greatly, such as complete recovery, neurological deficit,
and death. This diversity is mainly accounted for by collateral circulation (2). When a
cerebral vessel develops stenosis or occlusion, the blood can reach the surrounding peri-
infarct zone (referred to as the penumbra) through collateral circulation so that the local
ischemic brain tissue can be saved (3). Thus, collateral circulation has a significant impact
on the recovery of neurological function and clinical prognosis (4).
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Imaging examination is the major method to evaluate
collateral circulation, such as transcranial Doppler, traditional
single-phase CT angiography (CTA), MR angiography, and
digital subtraction angiography (DSA), which depends on
specialty devices and professional technicians (5). At present,
there is still a lack of an effective and sensitive biomarker
to predict collateral circulation. Therefore, the search for the
biomarker is beneficial for predicting collateral circulation and
judging clinical prognosis.

At present, the establishment of collateral circulation is
a hot topic. Ischemic brain tissues recruit peripheral blood
mononuclear cells (PBMCs) during the establishment of
collateral circulation, among which PBMCs play a significant
role by secreting vascular endothelial growth factor (VEGF) (6-
8). Multiple studies have observed the high expression of VEGF
can promote vasculature remodeling, promote the formation of
angiogenesis, and reduce brain infarct volume in the middle
cerebral artery occlusion rat model (9, 10). Of those, the most
widely studied pathway is the hypoxia-inducible factor-1a (HIF-
la)—VEGF pathway.

Bhattacharya et al. found that CBP/P300-interacting
transactivator with Glu/Asp-rich C-terminal domain 2
(CITED2) acts as a molecular switch in the HIF-1a-VEGF
pathway (11). CITED2 is a nuclear protein widely expressed in
mammalian cells and plays a significant role in the development
and growth of cells (12). CITED2 is mainly expressed on
peripheral blood mononuclear cells (PBMCs) (13). Under
hypoxic conditions, CITED2 involves in the HIF-1a-mediated
VEGF angiogenesis pathway (11). In addition, CITED2 may
activate the peroxisome proliferator-activated receptor (PPAR)
pathway which inhibits VEGF expression (14). However, the
mechanism of the action of CITED2 is yet to be elucidated
in AIS. Thus, we suggest that CITED2 regulates the VEGF-
mediated angiogenesis pathway. The VEGF/CITED2 was better
at predicting collateral circulation due to the combined effect
of VEGF and CITED2. However, there is no direct evidence
that the VEGF/CITED2 in PBMCs can predict the collateral
circulation of AIS.

Alberta Stroke Program Early CT Score (ASPECTS), a
semiquantitative approach in non-contrast CT, was originally
developed to evaluate infarct size, clinical prognosis, and the
probability of hemorrhagic transformation in patients with AIS
(15). Because of the close relationship between clinical prognosis
and collateral circulation, ASPECTS can also be used as an
indirect score for evaluating collateral circulation (16). With
the imaging methods developing, ASPECTS is implemented
into diffusion-weighted imaging (DWI) to evaluate the collateral
circulation. Furthermore, DWI is indicated with ischemic tissue
of early AIS. Thus, as compared to ASPECTS, DWI-ASPECTS
more clearly reflects the collateral circulation of AIS. Yuan et al.
evaluated the predictive value of DWI-ASPECTS and conducted
a receiver operating characteristic (ROC) curve analysis in 178
patients with AIS. They found the area under the ROC curve
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(AUC) of 0.932, the sensitivity of 81%, and a specificity of 94.1%
(17). In contrast to DSA, CTA, CTP, and perfusion-weighted
imaging (PWI), DWI-ASPECTS offers the advantages of being
non-invasive and does not injection of contrast agents. At the
same time, it has a few disadvantages, such as time-consuming
and patient cooperation. According to practical conditions
at our hospital, most patients with AIS were examined by
DWI. Only a few patients were examined by DSA, CTA, CTP,
and PWI. Therefore, we explored the relationship between
VEGF/CITED2 and collateral circulation by DWI-ASPECTS.
In this study, it provides an objective basis for VEGF/CITED2,
as an effective biomarker, to predict the collateral circulation
of AIS.

Methods
Study design

The institutional ethics committee of the hospital approved
this study according to the principles of the Declaration of
Helsinki. This was a single-center, prospective, observational
study. The patients would perform diffusion-weighted imaging
(DWI). Based on the DWI-ASPECTS, we classified patients
into two groups: the good collateral group and the poor
collateral group. All the patients were collected venous blood
samples in the early morning the next day and sent to the
laboratory within 1h. The blood samples had been stored in
a 4°C refrigerator before sending to the laboratory. Moreover,
the patients were evaluated by the National Institute of
Health Stroke Scale (NIHSS) score and the Modified Barthel
Index (MBI) score on day 0 and day 7 of hospitalization.
Follow-up was carried out after 3 months and recorded
clinical outcomes by the Modified Rankin Scale (mRS) score
(Figure 1).

Patient selection

Patients were diagnosed with AIS in the neurology
department of our hospital from November 2020 to November
2021. The data of 90 AIS patients were obtained in this study.
However, 23 patients were excluded due to various reasons.
Of these, 10 patients were excluded due to the onset time>3
days, three patients were excluded because they combined
with a tumor, five patients were excluded because they refused
to have blood drawn, three patients were excluded because
they were not completed the MRI+-DWI, and two patients
were excluded because the infarct had not been found in
DWI. Thus, a total of 67 patients were included in this study
(Figure 2).

The inclusion criteria are as follows: [J the onset time
<3 days; [ age>18 years old; and [ in accordance with the
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Enrollment

Acute Ischemic Stroke
(the onset time less than 3 days;
age>18 years old)

Exclusion criteria

Grouping

Collateral circulation assessment
(DWI-ASPECTS)

S

!

Good collateral group
(ASPECTS > 7)

!

Poor collateral group
(ASPECTS<7)

!
CITED2. VEGF
(wB)

Hospitalization

|
Neurological function assessment
( NIHSS score . MBI score )

Follow-Up after
3 months

FIGURE 1

Schedule of enrollment and assessments. DWI-ASPECTS, diffusion weight image—Alberta Stroke Program Early CT Score; CITED?2,
CBP/P300-interacting transactivator with Glu/Asp-rich C-terminal domain 2; VEGF, vascular endothelial growth factor; WB, Western blot;
NIHSS, National Institute of Health Stroke Scale; MBI, Modified Barthel Index; mRS, Modified Rankin Scale.

Prognosis
(mRS score)

diagnostic criteria in the Guidelines for the Diagnosis and
Treatment of Acute Ischemic Stroke in China 2018 (18). The
exclusion criteria are as follows: [ the patients had received
treatment of thrombolysis or thrombectomy; [J the patients with
AIS combined with other diseases that may affect the CITED2
and VEGF expressions, such as acute myocardial infarction,
peripheral artery occlusion disease, congenital heart defect, and
tumor; [ the patients exhibited serious heart, liver, or kidney
diseases; [J disturbance of consciousness or mental illness; and
U pregnant and lactating patients.

Grouping definition

The total score of DWI-ASPECTS is 10 points. The midbrain
or pons with high signal was decreased by two points, and other
each area was one point. According to infarct lesions involving
different circulation, the DWI-ASPECTS corresponding to the
circulation was adopted (19, 20). Scores >7 points were defined
as the good collateral group, and scores < 7 points were defined
as the poor collateral group.
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Peripheral blood mononuclear cell
preparation

The 4ml venous blood samples were collected from all
patients within 24 h after hospitalization. The blood samples
were diluted with 4ml of phosphate-buffered saline (Boster,
Wuhan) free of calcium and magnesium. Then, 8 ml of venous
blood was slowly added to the surface of 8 ml of Lymphocyte
Separation Solution (TBD, Tianjin) and centrifuged at 1000
x g for 30 min. The second layer, called the white film lays,
was collected and transferred to a centrifuge tube. The 5ml
phosphate-buffered saline free of calcium and magnesium
was added to the centrifuge tube and centrifuged at 300
x g for 10min, and the supernatant was discarded. This
step of centrifugation was repeated three times to obtain
purified PBMCs.

Western blot

PBMCs (1 x 107 cells) were lysed by 200 pl RIPA
lysis buffer (CWBIO, Beijing) supplement with protease
cocktail (CWBIO, Beijing)

inhibitor and phosphatase
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FIGURE 2

Patient selection. DWI-ASPECTS, diffusion weight image—Alberta Stroke Program Early CT Score; CITED2, CBP/P300-interacting transactivator
with Glu/Asp-rich C-terminal domain 2; VEGF, vascular endothelial growth factor; WB, Western blot

inhibitor cocktail (CWBIO, Beijing). After lysis at 4°C
for 15min, the proteins were centrifuged at 8000 x g for
15min. The protein concentration in the supernatant of
cell extracts was determined using a bicinchoninic acid
protein assay kit (Beyotime, Shanghai). Then, proteins were
separated by 12% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (Beyotime, Guangdong) and transferred to
polyvinylidene difluoride membranes (Millipore, American).
The membranes were blocked with 5% no-fat powdered
milk (Sangon, Shanghai) in tris-buffered saline (Solarbio,
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Beijing) with 1% tween (Solarbio, Beijing) for 2h at room
The membrane was probed with diluted
primary antibodies CITED2 (Abclonal, 1:1,000), VEGF
(Bioss, 1:1,000), and B-actin (Bioworld, 1:10,000) overnight
at 4°C. On the next day, the membrane was re-probed

temperature.

with a secondary antibody, goat anti-rabbit antibody IgG
(CWBIO, 1:20,000), labeled by enhanced chemiluminescence
(Millipore,
American) for 2h at room temperature, and quantified

hypersensitive luminescent solution

by densitometry.
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TABLE 1 General data of the included patients.

General data

Age [mean (SD), y] 64.04 (10.06)
Gender [n (%)]

Male 29 (63%)
Female 17 (37%)

Hypertension [n (%)]
Yes 35 (76.1%)
No 11 (23.9%)

Diabetes [1 (%)]

Yes 23 (50%)
No 23 (50%)
Hyperlipidemia [n (%)]

Yes 7 (15.2%)
No 39 (84.8%)

History of coronary heart disease [ (%)]
Yes 4(8.7%)
No 42 (91.3%)
History of stroke [1 (%)]
Yes 4 (8.7%)
No 42 (91.3%)
Smoking history [n (%)]
Yes 11 (23.9%)
No 35 (76.1%)
Drinking history [n (%)]
Yes 1(1.5%)

No 45 (97.8%)

Neurological deficit score

NIHSS was used to quantitatively score the neurological
deficit of AIS patients on days 0 and 7 of hospitalization, ranging
from 0 to 42 points. The higher the score, the more severe
the symptoms.

Daily life ability score
MBI was used to quantitatively score the daily life ability of
AIS patients on day 0 and day 7 of hospitalization, ranging from
0 to 100 points. The higher the score, the better the daily life
ability of the patients.
Prognostic neurological function score
After 3 months, the patient follow-up was carried out by

telephone and recorded clinical outcomes of AIS patients by
mRS score. A score of 0-2 was defined as a good prognosis of
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Poor collateral group (N = 21) t/x2 P-value

60.38 (13.94) —1.220 0.227
0.082 0.774

14 (66.7%)

7 (33.3%)
0.165 0.684

15 (71.4%)

6 (28.6%)
0.295 0.587

12 (57.1%)

9 (42.9%)
0.000 1.000

3(14.3%)

18 (85.7%)
0.301

0 (0%)

21 (100%)
0.069 0.792

3 (14.3%)

18 (85.7%)
0.165 0.684

6 (28.6%)

15 (71.4%)
1.000

0
21 (100%)

neurological function, and a score of 3-6 was defined as a poor
prognosis of neurological function.

Statistical analysis

Data were analyzed by using SPSS 26.0 software.
Quantitative data meeting normal distribution were expressed
as the mean =+ standard deviation and applied an independent
t-test in the difference analysis of the two groups. If quantitative
data did not conform to the normal distribution, data were
expressed as the median (interquartile range) and applied
the Mann-Whitney U-test in the difference analysis of
the two groups. The counting data were expressed as the
cases (percentage) and analyzed by the chi-square test.
The correlation between VEGF/CITED2 and collateral
circulation was evaluated using binary logistic regression
analysis. ROC curve analysis was used to determine the
cutoff point, sensitivity, and specificity of VEGF/CITED?2.
Hypothesis tests were all two-tailed tests, and P < 0.05 indicated
statistical significance.
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FIGURE 3
Protein expression of CITED2 and VEGF.

Results

Baseline characteristics

The good collateral group included 46 patients, and the poor
collateral group included 21 patients. There was no statistically
significant difference between the two groups in general data
such as age, gender, hypertension, diabetes, hyperlipidemia,
history of coronary heart disease, history of stroke, smoking
history, and drinking history (P> 0.05) (Table 1). In clinical data,
WBC count, neutrophil count, Fib, Hcy, and VEGF/CITED2
were found to be significantly different (Figure 3) (P < 0.05). In
addition, there was no statistically significant difference between
the two groups in other clinical data such as lymphocyte count,
neutrophil-to-lymphocyte ratio (NLR), uric acid (UA), total
cholesterol (TC), triglycerides (TG), high-density lipoprotein
(HDL), low-density lipoprotein (LDL), glycated hemoglobin
Alc (HbA1c), CITED2, and VEGF(P > 0.05) (Table 2).

Clinical prognosis

Compared with day 0, the NIHSS score was decreased
and the MBI score was increased in the two groups on day
7. The good collateral group could significantly decrease in
NIHSS score and increase in MBI score more than the poor
collateral group. The good collateral group has a high percentage
(93.5%) of good prognosis and a low percentage (6.5%) of
poor prognosis. The poor collateral group has a low percentage
(47.6%) of good prognosis and a high percentage (52.4%) of poor
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prognosis. The differences in clinical prognosis between the two
groups were statistically significant (P < 0.05) (Table 3).

The correlation between VEGF/CITED?2
and collateral circulation

Univariate logistic regression analysis was conducted by
taking collateral circulation as the dependent variable and
age, gender, hypertension, diabetes, hyperlipidemia, history of
coronary heart disease, history of stroke, smoking history,
drinking history, WBC count, neutrophil count, lymphocyte
count, NLR, UA, TC, TG, HDL, LDL, Hcy, Fib, HbAlc, CITED2,
VEGE and VEGF/CITED?2 as independent variables. The results
demonstrated the WBC count (OR = 0.77, 95%CI 0.63-0.95,
P = 0.016), neutrophil count (OR = 0.78, 95%CI 0.63-0.95,
P = 0.016), NLR (OR = 0.83, 95%CI 0.68-1.02, P = 0.075),
Hcy (OR = 0.87, 95%CI 0.75-1.00, P = 0.054), and Fib (OR
= 0.59, 95%CI 0.34-1.02, P = 0.059) were the risk factors,
and VEGF/CITED2 (OR = 190.13, 95%CI 11.04-3,273.83, P =
0.000) was the protective factor (Table 4).

To adjust confounding factors, variables with P < 0.1 (WBC
count, neutrophil count, NLR, Hcy, Fib, and VEGF/CITED2) in
the univariate logistic regression analysis were tested in further
multivariable logistic regression analysis. The results showed
that VEGF/CITED2 was an independent protective factor for
collateral circulation (Table 5).

The predictive value of VEGF/CITED?2

Receiver operating characteristic (ROC) curve analysis was
used to evaluate the predictive value of VEGF/CITED?2 in the
collateral circulation of AIS. ROC analyses showed an AUC of
0.861 (95%CI 0.761-0.961). The optimal cutoff value of 1.013
for VEGF/CITED2 had a sensitivity of 89.1% and a specificity
of 85.7% (Figure 4 and Table 6).

Discussion

By contrasting the good collateral group to the poor
collateral group in AIS, we did not only find the good
collateral group had a good clinical prognosis, but also that
VEGF/CITED2 had a prognostic value for predicting the
establishment of collateral circulation in AIS. Moreover, WBC
count, neutrophil count, NLR, Hcy, and Fib were the risk factors
for collateral circulation and significant differences between
the groups.

Collateral circulation was a decisive factor for clinical
prognosis in AIS. Our results revealed patients in the good
collateral group developed mild neurological deficits, high daily
living ability, and good clinical prognosis. These findings had
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TABLE 2 Clinical data of the included patients.

10.3389/fneur.2022.1000992

Clinical data Good collateral group Poor collateral group t/x2 P-value
WBC count(x 107 cells/L) 8.02+£1.93 9.98 £+ 3.85 2.217 0.036**
Neutrophil count(x10° cells /L) 5.16 +£1.95 7.13+3.83 2.234 0.035**
Lymphocyte count(x 10° cells /L) 2.03 £0.65 2.02+£0.94 —0.010 0.992
NLR 299+221 4.55 £3.99 1.674 0.106
UA(pemol/L) 324.48 +80.27 339.00 £ 105.40 0.621 0.537
TC(mmol/L) 494 £1.55 4.85+1.01 —0.241 0.811
TG(mmol/L) 1.88 + 1.46 1.76 £ 1.10 —0.327 0.745
HDL(mmol/L) 1.03 +0.25 1.05 4 0.22 0.382 0.704
LDL(mmol/L) 318 £1.41 3.10 £ 0.80 —0.246 0.807
Hey(umol/L) 12.28 £ 3.69 14.22 4+ 3.50 2.028 0.047**
Fib(g/L) 3.18 £0.82 3.75+1.36 2.120 0.038**
HbA1c(%) 7.22£1.92 7.11£1.79 —0.213 0.832
CITED2 1.16 +1.77 1.17 £+ 0.64 0.034 0.973
VEGF 1.23 +0.68 1.02 £ 0.64 —1.182 0.241
VEGF /CITED2 1.414+0.97 0.89 £ 0.26 —2.453 0.017**
TOAST classification 3.102 0.078*
Large atheromatous 20 (43.5%) 14 (66.7%)

Non- large atheromatous

Cardiogenic embolism 0(0%) 0(0%)

Small artery occlusion 24 (52.2%) 4(19.0%)

Other defined etiology 2 (4.3%) 3(14.3%)

Unknown etiology 0(0%) 0(0%)

WBC, white blood cell; NLR, neutrophil-to-lymphocyte ratio; UA, uric acid; TC, total cholesterol; TG, triglycerides; HDL, high-density lipoprotein; LDL, low-density lipoprotein; Hcy,
homocysteine; Fib, fibrinogen; HbAlc, glycated hemoglobin Alc; CITED2, CBP/P300-interacting transactivator with Glu/Asp-rich C-terminal domain 2; VEGE, vascular endothelial

growth factor; TOAST, Trial of ORG 10172 in Acute Stroke Treatment.
*P <0.1; **P < 0.05.

TABLE 3 Clinical outcome of the included patients.

Evaluation indicators Good collateral group Poor collateral group t P-value
NIHSS score at day 0 5.76 £ 3.09 10.62 £ 7.34 2918 0.008**
NIHSS score at day 7 272£221 9.48 £ 9.86 3.107 0.005**
MBI score at day 0 74.83 £22.83 50.76 = 21.80 —4.058 0.000**
MBI score at day 7 87.99 £ 16.39 60.11 = 25.31 —4.623 0.000**
mRS score at 3 months 0.49 £+ 1.13 2.52+2.16 4.067 0.000**
Prognosis 15.675 0.000**
Good 43 (93.5%) 10 (47.6%)

Poor 3(6.5%) 11 (52.4%)

NIHSS, National Institute of Health Stroke Scale; MBI, Modified Barthel Index; mRS, Modified Rankin Scale.

**P <0.05.

been similar to the result of previous studies (21, 22). This may
be explained by the mechanism that good collateral circulation
was able to augment brain tissue perfusion and promote the
recovery of neurological function, thereby improving the quality
of life of patients. It also suggested the DWI-ASPECTS we
adopted to evaluate collateral circulation was basically in line
with actual collateral status.
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VEGF/CITED2 was a protective factor of collateral
circulation of AIS. Contrasting with the poor collateral group in
clinical data, we found that the VEGF/CITED2 was higher in the
good collateral group. Then, we adjusted confounding factors
by binary logistic regression analysis and found VEGF/CITED2
was a protective factor of collateral circulation of AIS. However,
its correlation related to the collateral circulation of AIS has
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TABLE 4 Univariate logistic regression analysis of collateral circulation-related factors in AlS.

95% CI

P-value OR LCI uct
Age(y) 0.226 1.03 0.98 1.08
Gender 0.774 0.85 0.29 2.53
Hypertension(yes/no) 0.685 0.79 0.26 2.52
Diabetes(yes/no) 0.588 1.33 0.47 3.77
Hyperlipidemia(yes/no) 0.921 0.93 0.22 4.01
History of coronary heart disease(yes/no) 0.999 0.00 0.00 -
History of stroke(yes/no) 0.492 1.75 0.36 8.63
Smoking history(yes/no) 0.685 1.27 0.40 4.08
Drinking history(yes/no) 1.000 0.00 0.00 -
WBC count(x10° cells/L) 0.016** 0.77 0.63 0.95
Neutrophil count(x10° cells/L) 0.016** 0.78 0.63 0.95
Lymphocyte count(x 10°cells/L) 0.992 1.00 0.50 2.01
NLR 0.075* 0.83 0.68 1.02
UA(pnmol/L) 0.531 1.00 0.99 1.00
TC(mmol/L) 0.807 1.05 0.72 1.54
TG(mmol/L) 0.741 1.07 0.72 1.60
HDL(mmol/L) 0.699 0.66 0.08 5.56
LDL(mmol/L) 0.803 1.06 0.69 1.63
Hey(jumol/L) 0.054* 0.87 0.75 1.00
Fib(g/L) 0.059* 0.59 0.34 1.02
HbA1c(%) 0.829 1.03 0.78 1.37
CITED2 0.972 0.99 0.71 1.40
VEGF 0.249 1.82 0.66 4.98
VEGEF /CITED2 0.000** 190.13 11.04 3,273.83

WBC, white blood cell; NLR, neutrophil-to-lymphocyte ratio; UA, uric acid; TC, total cholesterol; TG, triglycerides; HDL, high-density lipoprotein; LDL, low-density lipoprotein; Hcy,
homocysteine; Fib, fibrinogen; HbAlc, glycated hemoglobin Alc; CITED2, CBP/P300-interacting transactivator with Glu/Asp-rich C-terminal domain 2; VEGE, vascular endothelial

growth factor.
*P<0.1;**P < 0.05.

not been investigated. Previous researches have confirmed that
the VEGF and CITED2 are related to collateral circulation.
The most widely accepted explanation is that CITED2 plays
a negative role in the HIF-1a-VEGF angiogenesis pathway
in hypoxia (11, 23, 24). Under hypoxia, CITED2 binds to
CBP/P300 competitively with HIF-la and forms CITED2-
CBP/P300 complex. The complex inhibits the expression of
VEGF gene encoding protein (25). In addition, it has been
proposed that CITED2, as an anti-inflammatory cytokine,
may play a role in angiogenesis inhibition through the PPAR
pathway (26). The activated PPAR can inhibit the expression of
VEGF through the HIF-1a pathway (27).

In general, CITED2 plays a negative role in the VEGF-
mediated angiogenesis pathway that has been verified (28-30).
VEGF is a potent angiogenic factor. VEGF/CITED2, a
comprehensive ratio of VEGF and CITED2, can predict
the collateral circulation of AIS more objectively. Indeed,
VEGF/CITED2 has not been reported in the literature.
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Our that VEGF/CITED2 the
collateral circulation was higher than the poor collateral

study implied in good
circulation, which was a statistically significant difference.
We speculated that VEGF/CITED2 may be a balance point
in the collateral circulation. When good collateral circulation
is established, the inhibition of CITED2 is weaker and
VEGF mainly plays a pro-angiogenic effect. Conversely,
when poor collateral circulation is established, VEGF plays
a weaker pro-angiogenic effect and CITED2 mainly exerts
an effect in negative regulation. On the contrary, VEGF
and CITED2 are expressed in mononuclear macrophages
(13, 31). After AIS, the

the cytokines and chemokines leading to inflammatory

brain parenchyma generates

cells in peripheral blood being attracted to infiltrate the
ischemic area (32, 33). Thus, we detected VEGF/CITED2
of PBMCs by Western blot. Our results showed significant
differences in the VEGF/CITED2 of PBMCs between these
two groups.
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TABLE 5 Multivariate logistic regression analysis of collateral circulation-related factors in AlS.

P-value
WBC count (x10° cells/L) 0.855
Neutrophil count (x10° cells/L) 0.806
NLR 0.720
Hey(jumol/L) 0.219
Fib(g/L) 0.561
VEGF /CITED2 0.001**

95% CI

OR LCI uCI
1.11 0.37 3.34
0.84 0.21 3.34
0.91 0.53 1.56
0.89 0.74 1.07
0.79 0.36 1.74
165.79 7.25 3,791.54

WBC, white blood cell; NLR, neutrophil-to-lymphocyte ratio; Hcy, homocysteine; Fib, fibrinogen; CITED2, CBP/P300-interacting transactivator with Glu/Asp-rich C-terminal domain 2;

VEGE, vascular endothelial growth factor.
*P < 0.1;**P < 0.05.
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FIGURE 4
ROC curve analysis of the VEGF/CITED?2 in the collateral
circulation of AlS.

Further analysis of the ROC curve results showed that
the VEGF/CITED2 of PBMCs was an independent predictor
of AIS. The optimal cutoff value of 1.013 means the AIS
patients are more likely to have good collateral circulation if
VEGF/CITED2>1.013. At this point, the VEGF/CITED2 had
a sensitivity of 89.1% and a specificity of 85.7%. Due to the
lack of studies on the correlation between VEGF/CITED2 and
cerebral collateral circulation, it was difficult to make a direct
comparison in the optimal cutoff value of VEGF/CITED2. At
the same time, we looked through the literature on biomarkers
of cerebral collateral circulation. The sphinganine-1- phosphate
(S1P) is a bioactive lipid that acts on receptors to mediate
various cellular processes, including cell growth, differentiation,
angiogenesis, and immunoregulation (34, 35). Recently, Fang
Yu et al. classified AIS patients into two groups (the good
collateral group and the poor collateral group) by the Tan score
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of CTA. They tested S1P in plasma and found that the AUC
of S1P was 0.738 (95%CI 0.60-0.85) (36). They considered that
the SIP was an independent predictor of cerebral collateral
circulation. Because of different study populations and collateral
circulation grouping, the comparison could not be performed
for S1P and VEGF/CITED?2. Thus, the biomarker of cerebral
collateral circulation has been poorly studied, which still needs
to be further explored in future.

Besides, it was found that the differences between the
good collateral group and the poor collateral group were
significant in AIS such as WBC count, neutrophil count,
NLR, Fib, and Hcy. In univariate logistic regression analysis,
they also were the risk factors for collateral circulation.
There are the following mechanisms that may be involved:
O After AIS, the WBC is attracted to infiltrate the ischemic
area. Among these, neutrophils are the first immune cells to
the ischemic tissue and further aggravate ischemic damage
(37). A few reports have shown that neutrophils inhibit
angiogenesis by releasing elastase and a-defensins (also known
as human neutrophil peptides) (27, 38). The leukocyte has
been considered to be a marker of inflammatory response
after stroke and NLR is an objective indicator of neutrophil
and lymphocyte. Thus, the high levels of the inflammatory
response are deleterious to collateral circulation. O Hcy
can cause damage to vascular endothelial cells, leading to
vascular endothelial cell dysfunction and inhibition of collateral
circulation (39, 40). [0 The vascular endothelial cells are
required for the localized degradation of the fibrin matrix
so that they can proliferate, migrate, and form capillaries.
A high level of Fib can inhibit this process, which in turn
inhibits collateral circulation (41-43). However, when in the
multivariate logistic regression analysis, WBC count, neutrophil
count, Fib, and Hcy were found no statistically significant
(P>0.05). We speculate that there are two possibilities. First,
the small sample size may lead to false-negative results. Second,
there may exist an association among these factors such as
WBC count, neutrophil count, NLR, and VEGF/CITED2. The
VEGF and CITED?2, secreted by inflammatory cells, play an
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TABLE 6 ROC analysis of the poor collateral circulation in AlS.

AUC P-value 95% CI

LCI UCI

10.3389/fneur.2022.1000992

Optimal cutoff value Specificity Sensitivity

VEGF/CITED2 0.861 0.000** 0.761 0.961

1.013 85.7% 89.1%

CITED2, CBP/P300-interacting transactivator with Glu/Asp-rich C-terminal domain 2; VEGE, vascular endothelial growth factor.

**P <0.05.

anti-inflammatory effect (13, 44). When the VEGF/CITED2
was controlled by multivariate logistic regression analysis, the
statistical correlation of WBC count, neutrophil count, and
NLR disappears.

this study, we were pleasantly surprised that
VEGEF/CITED2 is related to the collateral circulation of
AIS. As a predictor for collateral circulation, VEGF/CITED2
is also an independent protective factor. However, there

In

are some limitations to this study. For one thing, we
could not further adjust confounders due to the small
the DWI-ASPECTS might
have certain effects on patients’ grouping. Although this

sample size. For another,
score was performed for an initial evaluation of clinical
prognosis, further evaluation of the predictive value of
VEGF/CITED?2 is still needed by adopting DSA or other

precise methods.

Conclusion

Collateral circulation was a decisive factor for clinical
prognosis in AIS. Moreover, VEGF/CITED2 in PBMCs
had been associated with the collateral circulation of
AIS. It was an independent protective factor and has
a potential predictive value in the collateral circulation
of AIS.
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Background: The association between the serum anion gap (AG) and
prognosis of patients with spontaneous subarachnoid hemorrhage (SAH)
remains unknown. Thus, this study aimed to explore the association between
AG levels and mortality in patients with SAH in the intensive care unit (ICU).

Methods: This was a retrospective analysis of data stored in the Medical
Information Mart for Intensive Care—IV and elCU Collaborative Research
databases. Critically ill patients diagnosed with spontaneous SAH were
included. The primary outcome measure was in-hospital all-cause mortality. A
multivariate Cox proportional hazards regression model and a restricted cubic
spline were used to evaluate the relationship between AG concentration and
outcomes. Kaplan—Meier curves were used to compare cumulative survival
among patients with AG levels.

Results: A total of 1,114 patients were enrolled. AG concentration was
significantly associated with in-hospital all-cause mortality [hazard ratio ([HR],
1.076 (95% confidence interval (Cl), 1.021-1.292; p = 0.006)]. The risk of
mortality was higher in the Category 2 group (AG >10 mmol/L and <13
mmol/L; HR, 1.961; 95% ClI, 1.157-3.324; p = 0.0) and the Category 3
group (AG =13 mmol/L; HR, 2.151; 95% CI, 1.198-3.864; p = 0.010) than
in the Category 1 group (AG < 10 mmol/L). Cumulative survival rates were
significantly lower in patients with higher AG levels (log-rank p < 0.001).

Conclusions: In-hospital and ICU mortalities increase with increasing AG
concentration in patients with SAH. An increased serum AG level is an
independent, significant, and robust predictor of all-cause mortality. Thus,
serum AG levels may be used in the risk stratification of SAH.

subarachnoid hemorrhage, anion gap, intensive care unit, in-hospital mortality, ICU
mortality

Introduction

Spontaneous subarachnoid hemorrhage (SAH) accounts for 5-10% of all strokes
(1). Patients with SAH tend to be younger than patients with other stroke subtypes,
thus leading to an enormous burden of premature mortality (2). Half of surviving SAH
patients experience long-term neuropsychological complications and lower quality of

frontiersin.org
45


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2022.1008030
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2022.1008030&domain=pdf&date_stamp=2022-10-06
mailto:liuaihuadoctor@163.com
mailto:jzq315@gmail.com
https://doi.org/10.3389/fneur.2022.1008030
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fneur.2022.1008030/full
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Jietal

life (3). Early identification and appropriate treatment regimens
can improve the overall survival of patients with SAH. Thus, a
robust and easily accessible clinical indicator for determining
prognosis is needed for patients with SAH.

The plasma anion gap (AG) is a mathematical derivation
parameter calculated using the formula Nat+ (ClI~ +HCO3™).
AG has been widely applied in diagnosing various forms of
metabolic acidosis for more than 50 years (4). Previous research
has found relationships between AG and mortality in patients
with many different diseases, such as acute renal failure (5),
cerebral infarction (6), acute myocardial infarction (7), acute
ischemic stroke (8), coronary artery disease (9), and aortic
aneurysms (10). Furthermore, in the general population, which
is essentially free of these diseases, higher levels of AG might be
of prognostic significance because an increase in AG has been
associated with insulin resistance (11), hypertension (12), and
low cardiorespiratory fitness (13). However, it is still unknown
whether such changes in AG during the course of SAH are
associated with a risk difference in mortality. Therefore, this
study aimed to investigate the relationship between AG and SAH
using publicly accessible clinical databases.

Methods
Study design and population

This retrospective study analyzed data from the Medical
Information Mart for Intensive Care (MIMIC)-IV database
(version:1.0) (14) and eICU Collaborative Research Database
(15). The MIMIC-IV database, as an update to the MIMIC-
IIT database, contains de-identified health-related data of over
40,000 unique patients who were admitted to the critical
care units of Beth Israel Deaconess Medical Center between
2008 and 2019. The eICU database is a multicenter database
(208 hospitals) comprising de-identified health data associated
with over 200,000 ICU admissions between 2014 and 2015

10.3389/fneur.2022.1008030

across the United States. Adult patients with spontaneous
SAH, as defined according to the International Classification
of Diseases, Ninth and Tenth Revision (ICD-9 and ICD-10)
codes and Acute Physiology and Chronic Health Evaluation
admission codes, were included in the study. Patients meeting
the following criteria were excluded: (1) age <18 or >90 years,
(2) with insufficient AG data, and (3) with diagnoses related to
traumatic SAH. One of the authors who passed the Collaborative
Institutional Training Initiative exam and accessed database for
data extraction (X.T. certification number:43334826).

Data extraction and outcome measures

The following patient characteristics were collected: (1)
comorbidities including myocardial infarct, congestive heart
failure, peripheral vascular disease, chronic pulmonary disease,
rheumatic disease, peptic ulcer disease, liver disease, diabetes,
renal disease, and malignant cancer; (2) Sequential Organ
Failure Assessment (SOFA) score; (3) first day vital signs,
including temperature, systolic blood pressure, diastolic blood
pressure, and respiratory rate heart rate; (4) and first day
laboratory test results, including AG, bicarbonate, creatinine,
chloride, glucose, hematocrit, hemoglobin, lactate, platelets,
potassium, sodium, blood urea nitrogen (BUN), white blood
cell (WBC), and calcium. The overall Charlson Comorbidity
Index (CCI) (16) was calculated using 18 categories of medical
conditions identified in the medical records. For patients with
multiple intensive care unit (ICU) admissions, we collected
information only on the first ICU admission.

The primary outcome measure was in-hospital mortality,
and the secondary outcome measure was ICU mortality. The
patients were classified into three groups based on the three AG
categories (Category 1, AG < 10 mmol/L; Category 2, AG > 10
mmol/L and <13 mmol/L; and Category 3, AG > 13 mmol/L).
Previous studies have shown that an increase in AG levels is
associated with poor clinical outcomes in several diseases. To

Subarachnoid Hemorrhage
patients from MIMIC-IV
(831)

Subarachnoid Hemorrhage
patients from elCU

(688)

v

Total 1519 patients

Excluded:
|1.Age <18 or Age >90 (148)

enrolld

1114 subjects were final

FIGURE 1
Flow charts of patient inclusion.

”|2.Multiple ICU admission (139)
3.Without AG information (118)
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TABLE 1 Patient characteristics by anion gap concentration subgroup.

10.3389/fneur.2022.1008030

Characteristics Anion gap subgroups (mmol/L) P value
Category 1 Category 2 Category 3

(<10, n =283) (=10, <14; n = 476) (=145 n = 236)
Age, years [mean (SD)] 57.32 (15.60) 59.52 (14.13) 59.10 (14.42) 0.125
Male (%) 123 (43.5) 192 (40.3) 108 (45.8) 0.359
Days in Hospital [mean (SD)] 14.34 (19.74) 13.16 (10.52) 11.95 (10.94) 0.149
Days in ICU [mean (SD)] 8.32(7.37) 9.17 (8.89) 7.90 (7.73) 0.115
Hospital mortality (%) 40 (14.1) 80 (16.8) 58 (24.6) 0.006
ICU mortality (%) 29 (10.2) 58 (12.2) 47 (19.9) 0.003
Vital signs [mean (SD)]
Heart rate 61.69 (12.78) 63.27 (12.49) 64.03 (15.34) 0.121
Systolic blood pressure 97.41 (15.46) 97.68 (14.72) 99.97 (19.54) 0.144
Diastolic blood pressure 49.45 (9.86) 48.11 (10.13) 49.80 (11.54) 0.075
Respiratory rate 11.39 (4.02) 11.90 (3.58) 12.49 (3.75) 0.005
Temperature 36.25 (0.78) 36.40 (0.60) 36.39 (0.71) 0.013
SPO2 91.82 (10.70) 93.05 (7.44) 90.58 (11.91) 0.007
Comorbidities [# (%)]
Myocardial infarction 4(1.4) 20 (4.2) 11 (4.7) 0.072
Congestive heart failure 7 (2.5) 22 (4.6) 15 (6.4) 0.097
Peripheral vascular disease 6(2.1) 17 (3.6) 15 (6.4) 0.04
Chronic pulmonary disease 15 (5.3) 57 (12.0) 25 (10.6) 0.01
Rheumatic disease 2(0.7) 6(1.3) 5(2.1) 0.367
Peptic ulcer disease 1(0.4) 3(0.6) 2(0.8) 0.765
Mild liver disease 6(2.1) 12 (2.5) 4(1.7) 0.774
Severe liver disease 1(0.4) 4(0.8) 1(0.4) 0.648
Diabetes 7 (2.5) 36 (7.6) 19 (8.1) 0.008
Renal disease 15 (5.3) 13 (2.7) 19 (8.1) 0.006
Paraplegia 4(1.4) 30(6.3) 15 (6.4) 0.005
Malignant cancer 8(2.8) 9(1.9) 5(2.1) 0.694
Charlson Comorbidity Index [mean (SD)] 3.62 (1.81) 4.04 (2.01) 4.20 (2.13) 0.002
SOFA score [mean (SD)] 3.16 (2.80) 3.49 (2.69) 3.68 (2.74) 0.083
Laboratory results [mean (SD)]
Anion gap 7.06 (1.75) 11.73 (1.09) 16.72 (2.18) <0.001
Bicarbonate 23.23 (3.32) 22.68 (3.31) 20.57 (3.18) <0.001
Creatinine 0.83 (0.48) 0.78 (0.39) 1.03 (1.67) 0.002
Chloride 104.29 (4.81) 103.49 (4.72) 102.12 (4.70) <0.001
Glucose 120.78 (33.32) 127.32 (35.57) 139.60 (50.88) <0.001
Hematocrit 35.80 (5.85) 35.81 (4.95) 36.79 (5.60) 0.052
Hemoglobin 11.99 (2.11) 12.02 (1.80) 12.35(1.98) 0.062
Platelets 210.84 (70.99) 211.63 (71.56) 232.58 (89.81) 0.001
Potassium 3.66 (0.49) 3.63 (0.43) 3.72 (0.51) 0.042
Sodium 137.41 (3.96) 138.34 (4.23) 138.12 (3.63) 0.008
BUN 13.88 (9.22) 13.24 (7.12) 17.50 (18.63) <0.001
WBC count 10.95 (13.11) 10.72 (3.92) 12.08 (4.58) 0.09
Calcium 8.23 (0.86) 8.31(0.73) 8.51 (0.74) <0.001

SAH, subarachnoid hemorrhage; SD, standard deviation; BUN, blood urea nitrogen; WBC, white blood cell.
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thoroughly analyze whether this trend also occurred in patients
with SAH, we only collected the minimum results for patients
with a multi-lab test in the first 24 h of ICU admission.

Statistical analysis

Continuous variables were presented as the mean
and standard deviation, while categorical variables were
presented as proportions in each category, substratified by
AG concentrations. Chi-square or Fisher’s exact tests were
used to compare categorical variables, and the t-test or one-
way analysis of variance was used to compare continuous
variables. Multivariate Cox proportional hazards regression
models adjusted for potential confounders were used to assess
hazard ratios (HRs) of mortality for AG concentration in SAH
patients. Three cox models were performed as follows: model 1,
without adjusting for any confounders; model 2, adjusting for
demographic information, vital signs and score system which
have p values < 0.2 in the univariate analysis; model 3, adjusting
for all confounders with p values < 0.2 in the univariate analysis.
Restricted cubic spline (RCS) models fitted with three knots
at the IOth, SOth, and 9oth percentiles of AG were used for
multivariate Cox proportional hazards regression model 3 to
show the association between AG and in-hospital mortality in
patients with SAH. The Kaplan-Meier method was employed
to calculate the absolute risk of in-hospital and ICU mortalities
for each subgroup of different AG concentrations. The data
were reported as HRs with 95% confidence intervals (CIs). All
statistical analyses were performed using R software (version
4.0.1). All tests were two sided, and statistical significance
between two or more groups was set at p < 0.05.

Results

Patient characteristics

A total of 1,519 patients were confirmed to have spontaneous
SAH, including 831 patients from the MIMIC-IV database and
688 patients from the eICU database. After exclusion, 1,114
patients were finally included in the analysis (Figure 1). The
mean age of the total cohort was 58.74 & 14.51 years, and
42.5% (474/1,114) were men. The in-hospital mortality and ICU
mortality rates were 17.4% (194/1,114) and 13.2% (147/1,114),
respectively. The basic patient characteristics by category are
summarized in Table 1. The mean AG concentrations of the total
cohortand Categories 1, 2, and 3 were 11.84 & 3.70 mmol/L, 7.06
4+ 1.75 mmol/L, 11.73 & 1.09 mmol/L, and