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Abstract

Introduction: The delipid extracorporeal lipoprotein filter from plasma (DELP) has been ap-
proved for the treatment of acute ischemic stroke (AIS) by the China Food and Drug Admin-
istration, but its effectiveness and mechanism are not yet fully determined. The purpose of
this study was to evaluate the effect of DELP treatment on AIS patients after intravenous
thrombolysis. Methods: A retrospective study was performed on AIS patients with no im-
provement within 24 h after intravenous thrombolysis who were subsequently treated with or
without DELP. Primary outcome was the proportion with a modified Rankin scale (mRS) of 0-1
at 90 days. Secondary outcomes were changes in National Institute of Health Stroke Scale
(NIHSS) score from 24 h to 14 days after thrombolysis, and the rate of improvement in stroke-
associated pneumonia (SAP). The main safety outcomes were the rates of symptomatic intra-
cranial hemorrhage and mortality. To investigate its mechanisms, serum biomarkers were
measured before and after DELP. Results: A total of 252 patients were recruited, 63 in the DELP
group and 189 matched patients in the NO DELP group. Compared with the NO DELP group,
the DELP group showed an increase in the proportion of mRS 0-1 at 90 days (p = 0.042). More
decrease in NIHSS from 24 h to 14 days (p = 0.024), a higher rate of improvement in SAP (p =
0.022), and lower mortality (p = 0.040) were shown in DELP group. Furthermore, DELP de-
creased levels of interleukin (IL)-1B, E-selectin, malondialdehyde, matrix metalloprotein 9, to-
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tal cholesterol, low-density lipoprotein, and fibrinogen, and increased superoxide dismutase
(p < 0.05). Conclusions: DELP following intravenous thrombolysis should be safe, and is as-
sociated with neurological function improvement, possibly through multiple neuroprotective

mechanisms. Prospective trials are needed. © 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Intravenous thrombolysis (IVT) with recombinant tissue plasminogen activator (rtPA)
has been demonstrated as a standard treatment and is strongly recommended for the early
management of patients with acute ischemic stroke (AIS) [1]. However, IVT is not satisfactory
in clinical practice; only 30% of patients can acquire good prognosis, and 1-3 % patients
experience symptomatic intracranial hemorrhage and even mortality in moderate-to-severe
cases [2, 3]. It has been a hot topic how to improve the prognosis of thrombolytic patients
with AIS. Early neurological improvement (ENI) was defined as an NIHSS score of 0 or 1 at 24
h, or an improvement of >8 points compared to baseline [4]. Previous studies suggested that
ENI was important and closely related to favorable outcome at 3 months [4, 5].

Heparin-induced extracorporeal low-density lipoprotein (LDL) precipitation (HELP) is a
nonpharmacological therapy for hyperlipidemia and atherosclerotic disease, acting through
multiple mechanismssuch asreducingtotal cholesterol (TC), triglyceride (TG), LDL, fibrinogen
(FIB), C-reactive protein (CRP), vascular cell adhesion molecule (VCAM), ICAM, prothrombin,
Factors V-XIII, D-dimer, and prothrombin fragment [6, 7]. With a similar mechanism to HELP,
the delipid extracorporeal lipoprotein filter from plasma (DELP) has been found to improve
neurological function and the ability to perform activities of daily life in AIS patients, and it
has been approved for the treatment of AIS by the China Food and Drug Administration
(CFDA) [8].

To date, no study has investigated the efficacy and safety of DELP treatment for AIS
patients after IVT. Given the possible multiple mechanisms of DELP, we argue that DELP
treatment may improve the outcome of AIS patients who did not improve within 24 after IVT.
This study was designed to investigate the efficacy and safety of DELP treatment in this popu-
lation. Furthermore, a series of serum biomarkers were measured to determine the mecha-
nisms of DELP.

Materials and Methods

Study Design and Patient Selection

From a prospective database, we continuously collected the patients with AIS receiving
IVT at General Hospital of Northern Theater Command from January 2012 to December 2016
according to the inclusion and exclusion criteria. Patients were included if they met the
following criteria: (1) AIS, (2) on IVT with rtPA (0.9 mg/kg, maximum 90 mg; Boehringer
Ingelheim Pharma GmbH & Co), and (3) no decrease in National Institute of Health Stroke
Scale (NIHSS) score 24 h after receiving IVT. Patients were excluded if there was: (1) >4.5 h
between the onset of neurological symptoms and IVT treatment, (2) endovascular inter-
vention, (3) a lack of clinical data.

According to the treatment regimen, patients were divided into 2 groups. The DELP
group received DELP treatment within 1 week following IVT and the NO DELP group did not
receive DELP treatment. Propensity score matching (PSM) was performed between groups
with the ratio 1:3, and a nearest-neighbor matching strategy was applied with R software
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v3.6.3. PSM was operated with control factors including age, gender, systolic blood pressure
(SBP), diastolic blood pressure (DBP), symptom onset-to-thrombolysis time (OTT), NIHSS
score at admission and 24 h after IVT, the Trial of Org 10172 in Acute Stroke Treatment
(TOAST) classification, and the patient’s medical history.

DELP Treatment Procedure

As described in a previous study, the venous channel was established by selecting the
bilateral medial forearm [8]. The blood was pumped into the PCS2 plasma separator through one
side of the forearm vein. The plasma was separated by pump and then sent to the DELP system
(Shanghai Jiangxia Blood Technology Co.). After purification, the plasma was returned to the
patient via another forearm vein. The total treatment plasma volume was 800-1,000 mL; the
anticoagulant 4% sodium citrate dehydrate solution with a ratio of 1:16 to plasma, was dropped
before pumping. To prevent hypocalcemia, 500 mg CaCl, diluted with 250 mL physiological
saline was infused at a rate of 150 mL/h, in the first cycle of the returning blood transfusion.

Laboratory Determinations

To investigate the mechanisms of DELP, the levels of interleukin (IL)-1f, IL-6, tumor
necrosis factor (TNF)a, VCAM1, E-selectin, IL-18, matrix metalloprotein 9 (MMP-9), plas-
minogen activator inhibitor-1 (PAI-1), soluble CD40 ligand (sCD40L), malondialdehyde
(MDA), and superoxide dismutase (SOD) in blood samples were measured in 8 patients. We
also measured the change in levels of total cholesterol (TC), triglyceride (TG), high-density
lipoprotein (HDL), LDL, and FIB before and after DELP treatment in 40 patients.

Approximately 4 mL of venous blood were obtained for measurement 1 h beforeand 2 h
after DELP treatment, respectively. The blood samples were centrifuged at 1000 g for 10 min
at 4 °C. The serum blood samples were transferred into a 1.8-mL cryotube and stored at
-80 °C. The determinations of IL-1f3, IL-6, TNFa, VCAM1, E-selectin, IL-18, MMP-9, PAI-1,
sCD40L, MDA, and SOD were performed by ELISA using the Quantikine kit (R&D Systems,
Abingdon, UK). The determinations of TC, TG, HDL, LDL, and FIB were performed by auto-
matic analyzer (Hitachi 7170, Tokyo, Japan).

Data Collection

The following data were obtained from an electronic database: age, gender, smoking
status, alcohol consumption, history of hypertension, diabetes mellitus, coronary artery heart
disease, stroke, atrial fibrillation, BP, NIHSS score (at admission, 24 h after IVT, and 14 days
after hospitalization), OTT, TOAST classification, gastrointestinal bleeding, symptomatic
intracranial hemorrhage (sICH), mortality, and modified Rankin scale (mRS) 90 days after
onset.

For patients with stroke-associated pneumonia (SAP), the counts of white blood cells,
lymphocytes, and neutrophils, and the CRP concentration in the peripheral blood in the 2
groups were also recorded.

Outcome Assessment

The primary efficacy outcome was a favorable functional outcome at 90 days (a score of
0-1 on the mRS). Secondary efficacy outcomes were distribution in mRS and a reduced NIHSS
score in the period from 24 h to 14 days after thrombolysis. The primary safety outcome was
death due to any cause during hospitalization. Other safety outcomes included sICH and
gastrointestinal bleeding during hospitalization. According to the European Cooperative
Acute Stroke Study (ECASS) III definition, sICH was defined as any intracranial hemorrhage
associated with clinical deterioration (an increase of >4 points on the NIHSS or death) [1].
Gastrointestinal bleeding was defined as any evidence of gastrointestinal bleeding.
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The rate of improvement in SAP before discharge was analyzed as an efficacy outcome in
the subgroups. The clinical outcome of SAP was assessed as cured or failed according to anti-
bacterial drug technical guiding principles for clinical trials drawn up by the CFDA Drug
Approval Center [9]. Patients were considered cured if there was complete resolution of 4
aspects identified at baseline as abnormal: symptoms, signs, blood routine tests, and micro-
biology. Patients were considered failed if they exhibited a persistence or progression of
baseline clinical signs or symptoms of infection. Patients were also considered failed if there
was only a partial improvement in baseline clinical signs and symptoms of infection.

Statistical Analysis

Descriptive statistics for baseline characteristics compared patients receiving DELP
treatment following IVT and patients not receiving DELP treatment. Continuous variables
with normal distribution were described as means + SD. Continuous variables included age,
NIHSS score, OTT, SBP, and DBP. Student’s t test was used to analyze the normally distributed
continuous variables. Categorical variables were described as proportions. Categorical vari-
ables included gender, medical history, and TOAST classification. Pearson’s x°tests were used
to analyze categorical variables.

The outcome of serum biomarker examination and reduced NIHSS score were included
in the continuous variables. In the efficacy and safety outcomes, 90-day mRS, the incidence
rate of ICH, gastrointestinal bleeding, and mortality, and the SAP recovery rate were shown
as categorical variables. The odds ratio (OR) and 95% confidence interval (CI) were calcu-
lated to estimate the probabilities of a favorable 1-level shift of the mRS score with DELP
treatment. p < 0.05 was considered statistically significant. SPSS v24.0 (IBM, Amonk, NY, USA)
computer software was used for the statistical analysis.

Results
Four hundred and fifteen thrombolytic patients with AIS were screened. According to the

criteria, 45 patients were excluded due to different reasons: 4 with >4.5 h between the onset
of neurological symptoms and IVT treatment, 3 with endovascular intervention, and 38 with
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Table 1. Demographic and baseline characteristics

DELP Before PSM After PSM
(1= 58 NO DELP p value NO DELP p value
(n=307) (n=189)

Demographics

Age, years 59.9+£10.5 63.3£10.8 0.022* 61.1+11.1 0.459

Male gender 53 (84.1) 214 (69.7) 0.020* 149 (78.8) 0.362
Medical history

Hypertension 32 (50.8) 190 (61.9) 0.102 103 (54.5) 0.610

Diabetes mellitus 18 (28.6) 72 (23.5) 0.388 45 (23.8) 0.450

Coronary artery disease 7 (11.1) 61 (19.9) 0.102 30 (15.9) 0.355

Atrial fibrillation 3(4.8) 84 (27.4) 0.000* 17 (9.0) 0.282

Stroke 4 (6.3) 58 (18.9) 0.015* 14 (7.4) 0.778

Smoking 9 (14.3) 69 (22.5) 0.147 35(18.5) 0.443

Alcohol consumption 7 (11.1) 48 (15.6) 0.358 23(12.2) 0.822
Baseline scales

OTT, h 2.7£1.0 3.0+0.9 0.017* 2.9+0.9 0.261

NIHSS score

At admission 7.8+6.5 11.6+8.6 0.001* 9.0+7.5 0.233
24 h after thrombolysis 8.3+6.5 12.8+49.2 0.000* 9.0+7.4 0.471

SBP, mm Hg 151.5+19.7 154.9+20.3 0.234 153.4+20.7 0.531

DBP, mm Hg 87.7£13.4 87.5+12.3 0.909 87.6+12.6 0.955
TOAST classification

LAA 25(39.7) 116 (37.8) 0.778 82 (43.4) 0.607

SAO 22 (34.9) 49 (16.0) 0.000* 40 (21.2) 0.712

CE 0 (0.0) 36 (11.7) 0.009* 7 (3.7) 0.268

UND 16 (25.4) 106 (34.5) 0.160 60 (31.7) 0.342

Values express n (%) or mean * SD. DELP, delipid extracorporeal lipoprotein filter from plasma; PSM, propensity score
matching; OTT, symptom onset-to-thrombolysis time; NIHSS, National Institute of Health Stroke Scale; SBP, systolic blood
pressure; DBP, diastolic blood pressure; LAA, large-artery atherosclerosis; SAO, small-artery occlusion; CE, cardiogenic
embolism; UND, stroke of undetermined cause. * p < 0.05, compared with DELP group.

missing clinical data. Finally, 370 patients were recruited, 63 with DELP and 307 without
DELP (Fig. 1). Adjusting for age, gender, OTT, SBP, DBP, NIHSS score, TOAST classification,
and medical history with a ratio of 1:3, 189 patients without DELP were matched (the NO
DELP group) for the final analysis. The baseline characteristics of the 2 groups before and
after PSM appear in Table 1. There was no significant difference in demographic data, medical
history, baseline scales, and TOAST classification between groups after PSM.

Compared with the NO DELP group, the DELP group showed a higher proportion of
90-day mRS 0-1 (47.6vs.33.3%; OR1.818and 95% CI 1.018-3.246; p = 0.042) and a favorable
shiftin 90-day mRS distribution (p = 0.015) (Table 2; Fig. 2). The NIHSS score from 24 h to 14
days after thrombolysis in the DELP group was significantly more reduced than that in the
NO DELP group (OR 1.067; 95% CI 1.009-1.128; p = 0.024). The rate of death in the DELP
group was significantly lower than in the NO DELP group (p = 0.040). There was no statisti-
cally significant difference in the rate of sICH or gastrointestinal bleeding.

There were 65 patients diagnosed with SAP according to the recommendations of the
Pneumonia in Stroke Consensus Group [10]. There was no significant difference in demo-
graphics and baseline characteristics between the SAP subgroups, but the improvement in
SAP in the DELP group was significantly greater than in the NO DELP group (90.9 vs. 53.7%;
p = 0.022) (Tables 3, 4). In patients with SAP, we found a higher proportion of favorable
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Table 2. Efficacy and safety outcomes

DELP NO DELP OR (95% CI) p value
(n=63) (n=189)
Efficacy outcomes
90-day mRS 0-1 30 (47.6) 63 (33.3) 1.818 (1.018-3.246) 0.042*
90-day mRS distribution - - - 0.015*
Reduced NIHSS score, mean + SD 1.9+5.7 -0.1+5.9 1.067 (1.009-1.128) 0.024*
Safety outcomes
sICH 0(0.0) 3(1.6) - 0.314
Gastrointestinal bleeding 3(4.8) 14 (7.4) 0.625 (0.174-2.250) 0.472
Mortality 0(0.0) 12 (6.3) - 0.040*

Values express n (%), unless otherwise indicated. DELP, delipid extracorporeal lipoprotein filter from
plasma; OR, odds ratio; CI, confidence interval; NIHSS, National Institute of Health Stroke Scale; mRS, modified
Rankin scale; sICH, symptomatic intracranial hemorrhage. * p < 0.05.

EBmMRSO EmMRS1T M mMRS2 MW mMRS3 MW mRS4 mRS 5 mRS 6

DELP
(n =63)

No DELP
(n =189)

0 10 20 30 40 50 60 70 80 90 100
Patients, %

Fig. 2. Distribution of modified Rankin scale (mRS) 90 days after matching.

function at 90 days (36.4 vs. 9.3%; p = 0.028) in the DELP group. There was no statistically
significantdifference in the reduced NIHSS score or the rates of sSICH, gastrointestinal bleeding,
and mortality.

The serum biomarker results showed that DELP significantly decreased the levels of
IL-1f, E-selectin, MDA, MMP-9, TC, LDL, and FIB, and increased the level of SOD (p < 0.05)
from baseline (Fig. 3).

Discussion
To our knowledge, our study was the first attempt to explore the efficacy and safety of
DELP treatment following IVT in AIS patients. We found that there was a more favorable prog-

nosis and decreased mortality in AIS patients who did not improve within 24 h after IVT in
the DELP group.
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Table 3. Demographic and baseline characteristics of patients with SAP

DELP NO DELP p value
(n=11) (n=54)
Demographics
Age, years 65.5+9.2 62.8+10.9 0.455
Male gender 9 (81.8) 46 (85.2) 0.778
Medical history
Hypertension 2(18.2) 28 (51.9) 0.087
Diabetes mellitus 4 (36.4) 16 (29.6) 0.659
Coronary artery disease 1(9.1) 9 (16.7) 0.526
Atrial fibrillation 0 (0.0) 8(14.8) 0.173
Stroke 0 (0.0) 2(3.7) 0.517
Smoking 1(9.1) 5(9.3) 0.986
Alcohol consumption 1(9.1) 5(9.3) 0.986
Baseline scales
OTT, h 2.7+0.8 3.0£0.8 0.329
NIHSS score
At admission 12.9+8.0 13.7+8.4 0.763
After 24 h 10.9+£7.0 16.5+10.0 0.083
SBP, mm Hg 146.3+21.3 152.2+19.8 0.374
DBP, mm Hg 81.4+7.8 88.1+12.3 0.088
TOAST classification
LAA 8(72.7) 28 (51.9) 0.349
SAO 1(9.1) 6 (11.1) 0.844
CE 0(0.0) 3(5.6) 0.990
UND 2(18.2) 17 (31.5) 0.603
Laboratory tests
WBC, x10%/L 11.38+3.46 11.95+3.51 0.629
Neutrophils, x10%/L 9.49+3.15 10.17+£3.59 0.562
Lymphocytes, x10°/L 1.22+0.72 1.12+0.63 0.647
Neutrophil-to-lymphocyte ratio 9.18+4.03 12.21+8.96 0.280
CRP, mmol/L 19.09+27.94 30.34+43.05 0.515

Values express n (%) or mean * SD. SAP, stroke-associated pneumonia; DELP, delipid extracorporeal
lipoprotein filter from plasma; OTT, symptom onset-to-thrombolysis time; NIHSS, National Institute of
Health Stroke Scale; SBP, systolic blood pressure; DBP, diastolic blood pressure; LAA, large-artery
atherosclerosis; SAO, small-artery occlusion; CE, cardiogenic embolism; UND, stroke of undetermined cause;

WBC, white blood cells; CRP, C-reactive protein.

Table 4. Efficacy and safety outcomes in patients with SAP

DELP NO DELP OR (95%CI) p value
(n=11) (n=54)
Efficacy outcomes
Improvement in SAP 10 (90.9) 29 (53.7) 8.621 (1.031-72.114) 0.022*
90-day mRS 0-1 4 (36.4) 5(9.3) 5.600 (1.207-25.988) 0.028*
Reduced NIHSS score, mean + SD 2.0+£10.8 -2.7+8.4 - 0.109
Safety outcomes
sICH 0 (0.0) 3(5.6) - 0.423
Gastrointestinal bleeding 3(27.3) 7 (13.0) 2.518 (0.536-11.82) 0.242
Mortality 0 (0.0) 6 (11.1) - 0.246

Values express n (%), unless otherwise indicated. SAP, stroke-associated pneumonia; DELP, delipid
extracorporeal lipoprotein filter from plasma; OR, odds ratio; CI, confidence interval; mRS, modified Rankin
scale; NIHSS, National Institute of Health Stroke Scale; sICH, symptomatic intracranial hemorrhage. * p < 0.05.
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Fig. 3. a Changes in serum biomarkers prior to and after DELP treatment. b Changes in blood lipid level pri-
or to and after DELP treatment. IL, interleukin; TNF, tumor necrosis factor; VCAM1, vascular cell adhesion
molecule 1; MMP, matrix metalloprotein; PAI-1, plasminogen activator inhibitor-1; sCD40L, soluble CD40
ligand; MDA, malondialdehyde; SOD, superoxide dismutase; TC, total cholesterol; TG, triglyceride; HDL, high-
density lipoprotein; LDL, low-density lipoprotein; FIB, fibrinogen. * p < 0.05; ** p < 0.01; *** p < 0.001.

Previous studies have suggested the neuroprotective effect of DELP for patients within
48 h after the onset of AIS. Dong et al. [8], for example, found a significant decrease in NIHSS
score in AlS patients receiving DELP treatment [11, 12]. In our study, the AIS patients who
did not improve within 24 h after thrombolysis were chosen as the target population. Many
studies have demonstrated that improvement within 24 h after IVT is closely associated with
a good outcome [4, 5], so selecting this target population can decrease the bias and exclude
the potential effect of rtPA. We found that DELP treatment produced a significantimprovement
of neurological function in this population and significantly decreased mortality during hospi-
talization. A decreased trend in sICH and gastrointestinal bleeding was also found in the DELP
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group. Taken together, our results suggest a possible neuroprotective effect of DELP in this
population.

Similar to HELP, DELP may exert multiple mechanisms to treat AIS [6, 7], but, to date, the
neuroprotective mechanism of DELP has not yet been fully determined. We found that the
levels of IL-1B, E-selectin, and MDA decreased significantly, and that of SOD increased signif-
icantly after DELP treatment, which points to anti-inflammatory and free radical-scavenging
effects of DELP. Additionally, we found the levels of TC, LDL, and FIB significantly decreased
after DELP treatment. Higher FIB results in higher blood viscosity, which potentially compro-
mises the cerebral vascular blood flow [13]. Decreasing FIB levels appear to be associated
with a favorable functional outcome of AIS [14]. We inferred that the neuroprotective effect
of DELP treatment may be partially mediated by improving hemorheology [6]. It was unex-
pected that the level of MMP-9 was significantly decreased after DELP (from 250 to 100 ng/
mL). Previous studies found that MMP-9 increased after IVT treatment, and an increased
MMP-9 may impair the functional integrity of the whole neurovascular unit, which can result
in greater brain edema, cerebral hemorrhagic transformation (HT), and poor neurological
outcomes in stroke patients receiving IVT treatment [15-17]. We argued that improved prog-
nosis and short-term neurological function, and decreased mortality could be attributable to
multiple mechanisms, e.g.,, improved hemorheology and the anti-inflammatory and free
radical-scavenging effects of DELP [18]. MMP-9is closely related to HT [19-22]. We performed
DELP >1 day after thrombolysis; HT usually occurs within 24-36 h afterwards. It is a good
idea to perform DELP during or immediately after thrombolysis to determine the effect on
thrombolysis-related HT.

Considering that SAP was the most frequent complication after stroke and the anti-
inflammatory effect of DELP treatment, we further analyzed the efficacy of DELP treatment
in the patients with SAP [23]. It was interesting that the rate of recovery from SAP in the DELP
group was significantly higher than in NO DELP group. We argue that this improvement can
be attributed to the anti-inflammatory effects of DELP, e.g., a decreased level of IL-13. We also
found a higher proportion of favorable functional outcome in patients with SAP in the DELP
group, in line with a previous study showing that SAP is linked to a poor outcome (mRS 3-6)
at 3 months [24].

We acknowledge that our study has several limitations. First, although the data were
matched by propensity score, there may have been a confounding bias due to the retro-
spective nature of the study. Second, it was a small-sample, single-center study, which limited
the analysis of the relationship between the effect and the beginning of DELP. Given that
neuroinflammation occurred immediately after stroke onset, we argued that starting DELP
earlier may be better, e.g., performed immediately after IVT or endovascular treatment. Last,
the study did not include AIS patients with neurological function improvements within 24 h
after receiving IVT treatment, so the effect of DELP treatment following IVT treatment in
these patients was not known. Prospective, randomized controlled trials with larger samples
should be done to verify the exact effect of DELP treatment for AIS patients receiving IVT.

Conclusion

We showed that DELP treatment can be safe and feasible. [t was associated with improved
favorable prognosis and decreased mortality in the stroke patients with no improvement
within 24 h after intravenous thrombolysis, possibly through multiple mechanisms.
Randomized controlled trials should be urgently conducted to determine the efficacy of DELP
treatment in this population.
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