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Abstract

Background Animal studies suggest that high-density lipoprotein cholesterol (HDL-C) attenuates reperfusion
injury. We aimed to assess whether higher serum HDL-C levels modulate the risk of intracranial haemorrhage (ICH)
after thrombectomy in human stroke survivors.

Methods We included consecutive patients from our prospective anterior circulation large vessel occlusion (acLVO)
registry who underwent thrombectomy between 01/2017 and 01/2023 at the tertiary stroke centre of the University
Hospital Carl Gustav Carus in Dresden, Germany in a propensity score-matched analysis. We assessed the associa-
tion between serum HDL-C levels and post-interventional ICH as well as 90-day functional outcome quantified

by the modified Rankin Scale (mRS). For sensitivity analysis, we used multivariable lasso logistic regression. Analyses
were adjusted for demographics, cardiovascular risk profiles, stroke characteristics, and procedural times.

Results Of 1702 patients screened, 807 (420 women, median age 77 years [66—-84, IQR]) were included. Post-inter-
ventional ICH reduced the probability of a favourable functional outcome (90-day mRS 0-2) by 14.8% (8=0.15; 95%
C1[0.06;0.24]; p=0.001. An HDL-C level above the median (1.15 mmol/L) decreased the probability of ICH by 13.6%
(B=-0.14;95CI% [-0.22; —0.05]; p=0.002) and increased the probability of favourable functional outcome by 13.2%
(B=-0.13;95CI% [-0.22; —0.05]; p=0.003). In sensitivity analyses, higher HDL-C levels were independently associ-
ated with lower odds of ICH (adjusted OR 0.62; 95% Cl [0.43;0.88]; p=0.008) and higher odds of favourable functional
outcome (adjusted OR 0.60; 95% Cl [0.40; 0.90]; p=0.015).

Conclusions In patients undergoing thrombectomy for acLVO, higher HDL-C levels were associated with a reduced
probability of post-interventional ICH and a favourable functional outcome. These observations could not be
explained by conventional vascular risk profiles.

Keywords Ischaemic stroke, High density lipoprotein, Endovascular therapy, Thrombectomy, Reperfusion injury,
Bleeding, Intracranial haemorrhage, Functional outcome

*Correspondence:

Timo Siepmann

Timo.Siepmann@uniklinikum-dresden.de

Full list of author information is available at the end of the article

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://orcid.org/0000-0003-2196-5904
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s42466-025-00373-4&domain=pdf

Sedghi et al. Neurological Research and Practice (2025) 7:16

Background

Thrombectomy for anterior circulation large vessel
occlusion (acLVO) has revolutionised stroke care ever
since randomised clinical trials published in 2015 as well
as their meta-analytic synthesis have confirmed the effi-
cacy and safety of the treatment; an observation that has
more recently been reproduced in an extended time win-
dow of up to 24 h after stroke onset, large core infarcts
and basilar artery occlusion [1, 2]. Observational studies
and sub-analyses of randomized trials have shown that
the beneficial effects of thrombectomy may be attenu-
ated by reperfusion injury [3]. Abrupt reperfusion of
ischaemic brain tissue can lead to local inflammation
and oxidative stress, endothelial damage, and oedema,
resulting in a breakdown of the blood-brain barrier
with possible haemorrhage. This complication has been
reported after carotid endarterectomy and stenting and,
more recently, after thrombectomy [4—6]. In brain tis-
sue affected by reperfusion injury, haemorrhage may
manifest as haemorrhagic transformation, parenchymal
or subarachnoid haemorrhage [7-9]. Radiologically con-
firmed haemorrhagic reperfusion injury occurs in up to
one third of patients after thrombectomy with partial or
complete reperfusion, worsening functional outcome [7].
To date, the optimal strategy to prevent this complication
is unknown. There remains an urgent need for therapeu-
tic targets to protect brain tissue from reperfusion injury
after thrombectomy.

Animal studies have shown that high-density lipopro-
tein cholesterol (HDL-C)-based treatment exerts direct
vasculoprotective and neuroprotective effects [10], pre-
serves the integrity of the blood—brain barrier after tran-
sient intraluminal occlusion of the middle cerebral artery
[12], and reduces the risk of bleeding after treatment with
tissue plasminogen activator [13]. To our knowledge, the
effects of HDL-C on cerebral reperfusion injury after
thrombectomy in humans are unknown.

Methods

Aim

We aimed to test the hypothesis that patients with higher
serum HDL-C levels undergoing thrombectomy for
acLVO would have a lower risk of intracranial haemor-
rhage (ICH) after the intervention than those with lower
HDL-C levels.

Design, setting and patients

We included all adult acLVO patients from our prospec-
tive endovascular treatment registry who underwent
thrombectomy at the tertiary stroke centre of the Uni-
versity Hospital Carl Gustav Carus in Dresden, Germany
between 01/2017 and 01/2023 in a retrospective cohort
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study. This study report conforms to the Strengthening
the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) statement [14]. The STROBE checklist is
provided in Additional file 1. We excluded patients with
an incomplete or missing lipid panel, missing follow-up
cranial imaging, unknown symptom onset or time of last
seen well, unknown baseline National Institute of Health
Stroke Scale (NIHSS) score or missing modified Rankin
Scale (mRS) score at 90 days. Definitions of patient char-
acteristics are available in Additional file 2.

Prospective thrombectomy registry

Our registry of thrombectomy-eligible patients includes
detailed data on demographic characteristics, cardiovas-
cular risk profiles, premorbid conditions, chronic comor-
bidities, medications, stroke aetiology as classified by the
Trial of Org 10,172 in Acute Stroke Treatment (TOAST),
modified treatment in cerebral infarction (mTICI) score,
neurological deficits as quantified by the National Insti-
tute of Health Stroke Scale (NIHSS), and functional out-
come as assessed by the modified Rankin Scale (mRS) at
admission, discharge, and 90 days. Fasting serum lipid
profiles were obtained according to institutional proto-
col within the first 72 h after admission to the stroke unit.
Details of the registry are provided in Additional file 3,
and the details of the collection of baseline and outcome
parameters are provided in Additional file 4, respectively.

Assessment of imaging and clinical outcomes

We considered post-interventional ICH to be present if at
least one of the key radiological features of haemorrhagic
reperfusion injury was evident on follow-up cranial com-
puted tomography or cranial magnetic resonance imag-
ing within 24 h of thrombectomy. These key features
included any haemorrhagic transformation, defined as
Heidelberg Bleeding Classification categories HI1 and
HI2, and any parenchymal (PH1 and PH2) or subarach-
noid (class 3c) haemorrhage involving the ischaemic
brain region, as previously proposed [9, 15]. All brain
scans were evaluated by board-certified neuroradiolo-
gists. Successful recanalisation was defined.

as an mTICI score of 2b or greater.

Functional outcome was assessed by telephone inter-
view 90 days after thrombectomy. Favourable func-
tional outcome was defined as a modified Rankin Scale
(mRS) score of 0-2 and poor functional outcome as an
mRS score >3 at the time of this follow-up. Neurological
deficits were assessed on admission and discharge using
the National Institutes of Health Stroke Scale (NIHSS).
Symptomatic ICH was defined as evidence of ICH on
cranial imaging prompted by neurological deterioration.
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Statistical analysis

Independent continuous variables were tested for nor-
mality using descriptive and analytical criteria (Shapiro—
Wilk test). Differences between groups in demographic,
clinical, imaging, and procedural characteristics were
assessed using Fisher’s exact test for binary data and
Kruskal Wallis test for categorical or non-normally dis-
tributed continuous data, as appropriate.

Propensity score matching was performed for the
main analysis. Patients were divided into two groups
based on their serum HDL-C level, with the cut-off
value set at the median HDL-C level of the entire study
population. Accordingly, low HDL-C was defined as
an HDL-C level<1.15 mmol/L and high HDL-C>1.15
mmol/L. Covariates were selected by multivariable
logistic regression including clinically relevant covari-
ates, namely age, sex, premorbid dependency, chronic
diseases that may affect functional independence, base-
line NIHSS score, Alberta Stroke Program Early CT
Score (ASPECTS), occlusion site, concomitant extracra-
nial carotid occlusion, mTICI score, emergency carotid
stenting, thrombectomy, onset-to-recanalization time,
arterial hypertension, HbAlc (%) and serum level of low-
density lipoprotein cholesterol (LDL-C) (mg/dl). Pro-
pensity score matching was performed for all covariates
that showed a statistically significant association with
the grouping variable and the outcome on this regression
model. Propensity scores were generated using logistic
regression. One-to-one nearest neighbour matching with
calliper adjustment was applied. The maximum allowed
difference in propensity scores for matching (calliper
value) was aimed at <0.2 (fraction of the standard devia-
tion of the logit of the propensity score) to ensure high
quality matching. Visual and analytical comparisons were
performed to assess the quality of the matches. We calcu-
lated the standardized difference of covariate means and
the distribution of covariates between groups to assess
the overall balance of covariates between two groups. We
aimed for a standardized difference of 10% (0+0.1) and
a variance ratio of 1+0.2 to ensure a good balance. The
average treatment effect was estimated.

In the sensitivity analysis, we performed multivariable
lasso regression to assess the association between serum
HDL-C levels and imaging indices of post-interventional
ICH and favourable functional outcome, as well as early
NIHSS score at discharge, adjusting for clinically rel-
evant covariates. Residuals were tested for normality.
We performed a shift analysis to compare the low and
high serum HDL-C groups. We used ordered multivari-
ate logistic regression to assess the relationship between
HDL-C and functional outcome as defined by mRS score
from O to 6. Available case analysis was carried out. Sta-
tistical significance was set at p<0.05. All analyses were
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performed using Stata® (StataCorp. 2021. Stata Statisti-
cal Software: Release 17. College Station, TX: StataCorp
LLQC).

Results
Study population
Of 1702 patients with cerebral large vessel occlusion
assessed for eligibility, we included 807 patients treated
with thrombectomy for acLVO (420 females, median
age 77 years [interquartile range, IQR 66—-84]); median
baseline NIHSS 15 [IQR 10-19]; median baseline mRS
5 [IQR 4-5]; median ASPECTS 7 [IQR 6-9], of whom
403 (49.7%) received preceding intravenous thromboly-
sis (IVT). Recombinant tissue plasminogen activator was
used as the lytic agent in all cases of IVT.
Post-interventional ICH occured in 192 (49.7%) of 386
patients with high serum HDL-C and in 123 (33.3%) of
369 patients with low serum HDL-C. The median mRS
score at 90 days was 3 [IQR 1-4] in the high serum
HDL-C group and 4 [IQR 2-6] in the low serum HDL-C
group. The median NIHSS score at 90 days was 5 [IQR
1-14] in the high serum HDL-C group and 9 [IQR 2-19]
in the low serum HDL-C group. Demographic and clini-
cal characteristics, vascular risk profiles and imaging
characteristics are detailed in Table 1. Subject selection
and reasons for exclusion are shown in the study flow-
chart (Fig. 1). The number of missing registry data was
low. Details are provided in Additional file 5. Study out-
come measures are shown in Table 2.

Association of post-interventional ICH with functional
outcome

The presence of post-interventional ICH on brain imag-
ing was associated with a 14.8% increase in the prob-
ability of poor functional outcome (3=0.15; 95CI% [0.06;
0.24]; p=0.001). The quality of the matching was good, as
shown in Fig. 2A and Additional file 6. This observation
was confirmed in the sensitivity analysis, where post-
interventional ICH was independently associated with
higher odds of poor functional outcome (adjusted OR
2.69; 95% CI [1.75; 4.14]; p=0.000).

Association of serum HDL-C levels and post-interventional
ICH

A high serum HDL-C level was associated with a 13.6%
reduction in the probability of post-interventional ICH
(8=-0-14; 95CI% [-0.22; 0.05]; p=0.002). The qual-
ity of the matching was good, as shown in Fig. 2B and
Additional file 7. This observation was confirmed in the
sensitivity analysis, where a high serum HDL-C level was
independently associated with lower odds of post-inter-
ventional ICH (adjusted OR 0.62; 95% CI [0.43; 0.88];
p=0.008).
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Table 1 Demographic and baseline characteristics
Patients receiving Low HDL-C High HDL-C (>1.15 p-value
thrombectomy (n=807) (<1.15mmol/L) (h=386) mmol/L) (n=369)
Demographic Characteristics
Age, years (median [IQR]) 77 [66, 84] 75 [64, 83] 78 [69, 84] 0.018
Sex, female (n, %) 420, 52.00 155,40.16 235,63.69 0.000
Premorbid condition 0.885
Independent (n, %) 587,72.73 283,73.32 269,72.90
Needs assistance (n, %) 224,27.76 103, 26.68 100, 27.10
Chronic disease (n, %) 0.104
No organ system 501, 62.08 230,59.59 238,64.50
1 Organ system 220,27.26 107,27.72 100, 27.10
2 Organ systems 80, 9.91 42,10.88 30,813
3 Organ systems 9,112 7,181 1,0.27
Cardiovascular Risk Factors
Arterial hypertension (n, %) 720,89.22 347,89.90 323,87.53 0.164
Diabetes mellitus (n, %) 232,28.75 137,3549 80,21.68 0.000
HbA1c, % (median [IQR]) 581[54,63] 591[55,64] 57154,6.1] 0.000
LDL, mg/dl (median [IQR]) 2.28[1.71,2.99] 2.17[1.64,2.88] 241101.81,3.04] 0.004
HDL, mg/dI (median [IQR]) 1.15[0.93,143] 0.930.78, 1.05] 1411[1.27,1.58]
Preventive Pharmacological Treatment
Statin (n, %) 262,3247 136,35.23 114,30.89 0.112
Antiplatelet therapy (n, %) 205, 2540 105,27.20 90, 24.39 0.194
Dual Antiplatelet therapy (n, %) 7,087 3,0.78 3,081
Aspirin monotherapy (n, %) 191, 23.67 96, 24.87 87,23.58
Clopidogrel monotherapy (n, %) 7,087 6,1.55 0,0
Stroke Characteristics
Wake-up 163,20.20 72,1865 80,21.68 0.179
NIHSS at baseline (median, [IQR]) 15110, 19] 15011,19] 15110, 18] 0.043
mRS at baseline (median [IQR]) 514, 5] 5[4, 5] 5[4, 5] 0.088
ASPECTS (median [IQR]) 716,9] 716,91 81[6,9] 0401
Occlusion side, left (n, %) 410,50.81 205,53.11 172,46.61 0.068
Occlusion site (n, %) 0.008
ICA intracranial 9,1.12 6,1.55 3,081
Carotid L or isolated M1 662,82.03 326, 84.46 290, 78.59
M1/2-junction or isolated M2 139,17.14 53,13.73 76, 20.60
Carotid T 80,991 39,10.10 31,840
Tandem 105,13.01 62,16.06 33,.894
Leptomeningeal collaterals on DSA (n, %) 673,83.40 312,80.83 313,84.82 0.052
TOAST Classification (n, %) 0.001
Large artery atherosclerosis 150, 18.59 87,22.54 53,14.36
Cardioembolism 474,58.74 220,56.99 220,59.62
Small vessel occlusion 0,0.00 0,0.00 0,0.00
Stroke of other determined aetiology 23,2.85 9,233 10,2.71
Stroke of undetermined aetiology 161, 19.95 67,17.36 86,23.30
Interventions (n, %)
Intravenous thrombolysis with rtPA 403, 49.94 194, 50.26 187,50.68 0.498
Drip and ship 529, 65.55 265,68.65 227,61.52 0.024
Carotid stent (emergency) 87,10.78 54,13.99 27,732 0.002
Sedative Regimen (n, %) 0.004
Conscious sedation 232,28.75 95,2461 123,33.33
General anaesthesia 562, 69.64 284,73.58 238, 64.50
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Table 1 (continued)
Patients receiving Low HDL-C High HDL-C (>1.15 p-value
thrombectomy (n=807) (<1.15mmol/L) (n=386) mmol/L) (h=369)
Procedural Times, min (median [IOR])
Onset unclear (n, %) 123,15.24 53,13.73 58,15.72 0.397
Onset-to-needle 105 [80, 135] 109.5 [85, 138] 105 [79, 134] 0.470
Onset-to-groin 240 (173, 298] 2422 [174, 298] 235[171,300] 0.967
Onset-to-recanalization 302 [234,364] 301 [239,367] 297 [228, 360] 0318

Abbreviations: ASPECTS, Alberta Stroke Program Early CT score ICA; carotid L occlusion, occlusion of distal intracranial ICA and proximal M1 segment; carotid T
occlusion, combined distal intracranial ICA occlusion and ipsilateral proximal M1 and A1 occlusion; DSA, digital subtraction angiography; HbA1C, haemoglobin A1c;
internal carotid artery; HDL-C, high-density lipoprotein cholesterol; IVT, intravenous thrombolysis; IQR, interquartile range; LDL-C, low-density lipoprotein cholesterol;
mRS, modified Rankin scale; MT, mechanical thrombectomy; SD standard deviation; NIHSS, National Institutes of Health Stroke Scale; tandem occlusion, extracranial
ICA occlusion or high-grade stenosis (at least 70% stenosis on the North American Symptomatic Carotid Endarterectomy Trial scale, NASCET) preceding ipsilateral
acLVO. The high HDL-C and low HDL-C groups only include cases with available serum HDL-C concentrations, as detailed in Fig. 1

Assessed for Eligibility (n = 1702)

Prospective registry of acLVO patients with an
established indication for thrombectomy

Excluded

o mRS after 90 days missing (n = 258)
o No thrombectomy (n = 492)

o Posterior circulation LVO (n = 123)
o Unknown time of last seen well and
onset of symptoms (n = 12)
Baseline NIHSS missing (n = 10)

o No follow-up imaging (n = 4)

o

v

Meeting Inclusion Criteria (n = 807)
Patients considered for propensity score matching
analysis and multivariable lasso logistic regression

Excluded
Available case analysis

o Missing HDL-C (n = 52) <
o Cases with any missing covariate

Main Analysis

4

Sensitivity Analysis

A,

Observations Assessed after
Propensity Matching

Associations

o HDL-C and post-interventional ICH (n = 624)
o HDL-C and functional outcome (n = 630)

o Post-interventional ICH and functional outcome (n = 627)

Patients Assessed in Multivariable
Lasso Logistic Regression
Associations
o Post-interventional ICH and functional outcome (n = 626)
o HDL-C and post-interventional ICH (n = 626)
o HDL-C and functional outcome (n = 629)

Fig. 1 Study flowchart Legend: Study flowchart illustrating the screening and selection process of patients for inclusion in the main and sensitivity

analyses of the study

Association of HDL-C levels and functional outcome

A high serum HDL-C level was associated with a 13.2%
increase in the probability of achieving a favourable
functional outcome ($=-0.13; 95CI% [—0.22; —0.05];
p=0.003). The quality of the matching was good, as
shown in Fig. 2C and Additional file 8. This observation
was confirmed in the sensitivity analysis, where a high

serum HDL-C level was independently associated with
lower odds of poor functional outcome (adjusted OR
0.60; 95% CI [0.40; 0.90]; p=0.002). We observed a sig-
nificant shift in the overall distribution of 90-day mRS
scores in favour of the high HDL-C group over the low
HDL-C group (adjusted OR 0.60; 95CI% [0.44; 0.81];
p=0.001), as shown in Fig. 3.
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Table 2 Outcomes
Patients receiving Low HDL-C High HDL-C (>1.15 p-value
thrombectomy (n=807) (<1.15mmol/L) (h=386) mmol/L) (n=369)

Procedural Outcomes (n, %) 0.887
Thrombectomy frustrate 89,11.02 41,1062 39,10.57
mTICI (n, %)

0 70,8.67 30,7.77 32,867

1 8,0.99 4,1.04 4,1.08

2a 40, 4.96 25,648 13,3.52

2b 276,34.20 129,33.42 131,35.50

2¢,3 417,51.67 198,51.30 189,51.22
Post-interventional ICH (n, %) 0.000
Any post-interventional ICH 337,41.76 192,49.74 123,33.33
Haemorrhagic transformation (HI1, HI2) 211,26.15 122,31.61 78,21.14
Intracranial bleeding (PH1, PH2) 85, 10.53 47,1218 33,894
Subarachnoid haemorrhage (Class 3c) 118, 14.62 68,17.62 41,11.11
Symptomatic haemorrhage 17,2.11 10,2.59 5136
Clinical Outcomes (n, %)
NIHSS at discharge (median, [IQR]) 712,17] 9[2,19] 5,[1,14] 0.001
mRS at discharge (median [IQR]) 412,5] 42,5] 3[2,5] 0.002
mRS at 90 days (median [IQR]) 31[2,6] 42,6] 3[1,4] 0.000
mRS (0-2) at 90 days (n, %) 290,3594 121,31.35 158, 47.82 0.002

Class 3¢, subarachnoid haemorrhage according to Heidelberg Bleeding Classification; HDL-C, high-density lipoprotein cholesterol; HI, haemorrhagic infarction
according to Heidelberg bleeding classification; ICH, intracranial haemorrhage; IQR, interquartile range; mTICl, modified treatment in cerebral infarction score; NIHSS,
National Institutes of Health Stroke Scale; mRS, modified Rankin scale; PH, parenchymal haematoma according to Heidelberg Bleeding Classification

Association of HDL-C levels and neurological deficits

at discharge

A high serum HDL-C level was associated with a 2.3-
point lower NIHSS score at discharge compared to a low
serum HDL-C level (8=-2.32; 95CI% [—4.13; —0.53];
p=0.01). The beneficial effect of higher serum HDL-C
levels was not reproducible when additionally adjusting
for reperfusion injury.

Discussion

The main finding of this study is that in a prospective
registry cohort of patients undergoing thrombectomy for
acLVO, higher serum HDL-C levels reduced the odds of
post-interventional ICH and were associated with better
functional outcome at 90 days and less severe neurologi-
cal deficits at the time of discharge. These observations
could not be explained by cardiovascular risk profiles and
conventional predictors of poor clinical outcome after
thrombectomy. Whether this observation suggests a ben-
eficial influence of HDL-C on the effects of reperfusion
at the time of endovascular intervention requires further
investigation.

The issue of reperfusion injury after thrombectomy
has grown exponentially in recent years due to the rapid
expansion of the indications for this treatment. This is
due to an extended time window from symptom onset

and a larger area of demarcated infarction that still allows
the patient to be eligible for thrombectomy [16, 17]. As a
result, the expansion of the indication has increased the
possible amount of cumulative structural brain damage
at the time point when reperfusion reaches ischaemic
brain tissue. The potential clinical relevance of HDL-C-
mediated protection against reperfusion injury is high-
lighted by a recent analysis of the prospective CIPPIS
registry. This analysis showed that reperfusion injury
was independently associated with poor functional out-
come at 3 months in patients with successful recana-
lisation of acLVO [12]. Although there is considerable
heterogeneity in the way cerebral reperfusion injury is
defined, in our cohort we were able to demonstrate that
patients with post-interventional ICH after thrombec-
tomy for acLVO had 2.87-fold higher odds of poor func-
tional outcome. We selected specific imaging indices of
post-interventional ICH, including H1, H2, PH1, PH2,
and class 3c haemorrhage according to the Heidelberg
Bleeding Classification, as these represent the final stages
of reperfusion-related blood—brain barrier damage and
have therefore been proposed to be the key radiological
features of reperfusion injury [9, 15].

Large randomised trials have evaluated the effects of
candidate cerebroprotective agents, such as nerinetide
and uric acid, on clinical outcomes in acLVO patients
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a Matching Quality for the Analysis of the Association between
Post-Interventional ICH and Functional Outcome
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Fig. 2 Matching quality Legend: Propensity score density plots for the analyses of A) the association between post-interventional ICH
and functional outcome; B) the association between HDL-C and post-interventional ICH; and C) the association between HDL-C and functional

outcome. The quality of the matching was good in all cases
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Score on Modified Rankin Scale

oo 01 02 @3 m4 m5 H6
LowHDL-C | 00 | 137 11.7 15.5
(n=386)
High HDL-C 14.5 16.5 12.9 15.6 17.1 6.2 17.2
(n=369)
0 20 40 60 80 100

Patients (%)
Fig. 3 Shift analysis Legend: Modified Rankin scale scores at 90 days are shown, derived from ordered logistic regression with adjustment for age,
sex, cardiovascular risk profile, intravenous thrombolysis, baseline NIHSS, premorbid condition, chronic disease, onset-to-recanalisation time,
occlusion site, carotid stenting, modified treatment in cerebral infarction (mTICI) score, Alberta stroke programme early CT score (ASPECTS)

undergoing thrombectomy [18, 19]. Neither study pro-
vided sufficient evidence to legitimise widespread clini-
cal use of the investigational agents tested. More recently,
experimental strategies have been developed to spe-
cifically target and counteract reperfusion injury after
thrombectomy. These approaches include ischaemic
postconditioning and pharmacological attenuation of
NMDA receptor-mediated excitotoxicity and free radi-
cal toxicity. They are currently being tested in clinical
trials [20, 21]. It is important to recognise that the path-
ways by which HDL-C may protect reperfused brain
tissue from injury are complex and probably include
preservation of the integrity of the blood—brain barrier
through activation of the scavenger receptor class B type
I [11], restricted overexpression of adhesion molecules by
endothelial cells [10], and attenuated neutrophil recruit-
ment [22]. However, these observations are based on
animal studies. Their applicability to human brain tissue
is unclear. A recent study has translated evidence from
animal research on the cardioprotective effects of HDL-C
into clinical research. The AEGIS-II trial investigated
the effects of treatment with apolipoprotein A-1, which
is the major protein in HDL-C, in patients with myocar-
dial infarction and multivessel coronary artery disease.
This randomised controlled study did not demonstrate
superiority over placebo in preventing major adverse car-
diovascular events [23]. However, the cardioprotective
effects of apolipoprotein A-1 are likely to be mediated
by remodelling of intraluminal plaque formations in the
coronary arteries, which may not translate into protec-
tion of the blood—brain barrier in the scenario of cerebral

reperfusion. We focused our analysis on the haemor-
rhagic consequences of cerebral reperfusion injury and
found consistent associations between higher HDL-C
levels and reduced structural brain damage. Therefore,
the potential protective effects of HDL-C may be strong-
est in preventing the final stages of cerebral reperfusion
injury, when disruption of the blood—brain barrier leads
to parenchymal haemorrhage.

Strengths and limitations

Our study is subject to the limitations of a non-ran-
domised design. However, we used propensity score
matching to balance covariates between the two groups
created with high and low serum HDL-C levels and we
were able to reproduce our observations in sensitivity
analyses using multivariable regression models. We did
not assess rates of expansion of the ischaemic core and
penumbra over time to capture possible ischaemic mani-
festations of reperfusion injury. However, we focused
our study on haemorrhagic complications of reperfu-
sion injury in order to clearly capture a terminal mani-
festation of the pathophysiological cascade leading up to
blood-brain barrier disruption. Hence, we cannot com-
ment on the temporal dynamics of the development of
the cerebroprotective effects of HDL-C in specific phases
of this cascade. Our imaging outcome of post-interven-
tional ICH subsumes haemorrhagic transformation and
parenchymal or subarachnoid haemorrhage. Parenchy-
mal or subarachnoid haemorrhage seen after thrombec-
tomy may also result from intraprocedural complications
of thrombectomy, such as vessel injury or perforation,
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potentially diluting the composite outcome. However,
the prevalence of this interventional complication is
low ranging from 0.6 to 5.5% [6, 24]. It did not affect the
robustness of the observations in our study. Reperfusion
injury can manifest up to 72 h after thrombectomy [3].
We performed post-interventional follow-up CT within
24 h and may have missed cases of late-onset haemor-
rhagic reperfusion injury. The generalisability of the
results of our study is limited by its monocentric design.
A multicentre investigation of the effects of HDL-C on
reperfusion injury after thrombectomy for acLVO is
needed. Finally, the observed association between higher
HDL-C levels and a favourable functional outcome at 90
days may be partly due to a long-term protective effect
of HDL-C not related to reperfusion mechanisms. How-
ever, we also found an association between higher serum
HDL-C levels and lower severity of neurological deficits
at discharge that could not be reproduced when we addi-
tionally adjusted for post-interventional ICH. This obser-
vation may be consistent with an immediate beneficial
effect of HDL-C on neurological outcome, mediated by
reduced ICH after thrombectomy.

Conclusions

In patients with acLVO, a high serum HDL-C level
reduced the probability of ICH after thrombectomy
and was associated with less neurological deficits at dis-
charge and a favourable functional outcome at 90 days.
These associations could not be explained by cardio-
vascular risk profiles and conventional risk factors for a
poor clinical outcome after thrombectomy. A multicentre
study is needed to investigate whether HDL-C may have
a previously unrecognised influence on the integrity of
the blood-brain barrier during reperfusion in humans,
which may extend the role of HDL-C beyond traditional
long-term cardiovascular protection.
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