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Abstract
Intravenous thrombolysis with the tissue plasminogen 
activator (tPA) is the gold standard for acute ischemic 
stroke. However, its application is limited because of the 
concern of the post-tPA intracranial hemorrhage (ICH). 
Low low-density lipoprotein (LDL) has been speculated 
to increase the risk of hemorrhagic transformation after 
ischemic stroke. However, whether LDL is associated 
with post-tPA ICH remains controversial. The present 
study obtained the medical records from Shuang 
Ho Hospital and retrospectively reviewed for the 
period between August 2009 and December 2016 to 
investigate the association between LDL and the risk 
of post-tPA ICH. The differences were analyzed using 
the Student’s t-test, Fisher’s exact test, the univariate 
and stepwise multiple regression model, and p<0.05 
was considered statistically significant. Among 218 
patients, post-tPA ICH was noted in 23 (10.5%) 
patients. Patients with post-tPA ICH tended to have a 
lower LDL level (ICH group: 102.00±24.56, non-ICH 
group: 117.02±37.60 mg/dL, p=0.063). However, 
after adjustment for the factors might affect the risk 
of post-tPA ICH, such as stroke severity, onset-to-
treatment time interval, and atrial fibrillation (AF), LDL 
level was not associated with post-tPA ICH whereas 
AF was the only significant factor increased the risk of 
post-tPA ICH (adjusted OR: 1.177, 95% CI 1.080 to 
1.283). In addition, patients with AF had significant 
lower LDL level and for patients without AF, LDL was 
not associated with the post-tPA ICH. In conclusion, LDL 
level is not associated with the risk of post-tPA ICH in 
Taiwanese patients with stroke.

Introduction
Currently, the most effective and easily acces-
sible treatment for acute ischemic stroke is 
intravenous thrombolysis with a recombinant 
tissue plasminogen activator (tPA), which must 
be applied within the treatment time window.1–3 
However, post-tPA intracranial hemorrhage 
(ICH), which may prolong hospital stay and 
increase mortality, is the major concern of tPA. 
The risk factors for post-tPA ICH include atrial 
fibrillation (AF), old age, severe stroke, and 
recanalization using tPA.4

The association between low-density lipo-
protein (LDL) and hemorrhagic transformation 
(HT) after ischemic stroke had been investigated 
in recent decade. A lower serum lipid level is 
associated with a higher risk of HT in patients 
with ischemic stroke.5–9 It was postulated that 
low lipid level would damage the integrity of 
the small cerebral vessels, which increases the 
risk of HT.10 Post-tPA ICH is mainly due to HT 
in the infarct area. However, whether LDL is 
associated with the risk of post-tPA ICH remains 
controversial.11–17 Moreover, the Asian popula-
tion is more prone to post-tPA ICH18–20; never-
theless, relevant information on the association 

Significance of this study

What is already known about this subject?
►► The treatment of acute ischemic stroke by 
tissue plasminogen activator (tPA) causes 
about 6% of intracranial hemorrhage (ICH).

►► Low level of low-density lipoprotein (LDL) is 
associated with higher risk of hemorrhagic 
transformation after ischemic stroke.

►► Asians are more likely to develop post-tPA 
ICH.

What are the new findings?
►► In Taiwan, patients with post-tPA ICH 
tended to have a lower LDL level.

►► Normolipidemic patients (LDL<130 mg/dL) 
did not have an increased risk of post-tPA 
ICH.

►► AF was the only significant factor 
associated with post-tPA ICH.

►► LDL level was not associated with post-tPA 
ICH after excluding the effect of AF.

How might these results change the focus 
of research or clinical practice?

►► Previous concerns about the association 
between low LDL with post-tPA ICH may be 
biased by AF.

►► Clinicians do not need to worry about ‘too 
low’ LDL about the risk of post-tPA ICH.
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between lipid profile and post-tPA ICH in the Asian popu-
lation is lacking.

The present study evaluated the association between LDL 
and post-tPA ICH by using the data from a single univer-
sity-affiliated hospital in Taiwan. Our results may provide 
more evidence for this controversial issue, particularly for 
the Asian population.

Methods
Patient selection
Medical records from the stroke registry of Shuang Ho 
Hospital were retrospectively reviewed for the period 
between August 2009 and December 2016. During this 
period, a total of 218 patients with ischemic stroke received 
intravenous tPA, and their fasting LDL levels were measured 
within 72 hours after tPA. tPA was mainly performed 
following the updated American Heart Association/Amer-
ican Stroke Association guidelines. In general, all patients 
received non-contrast head CT before tPA, and they were 
intensively monitored for 24 hours after tPA. Additionally, 
head CT with CT angiography or brain MRI with MR angi-
ography was performed within 72 hours after tPA.

The following data were collected from the medical 
records: age; sex; history of hypertension, diabetes mellitus, 
AF, and stroke; onset-to-treatment time; and post-tPA ICH, 
which was defined according to the criteria of the European 
Cooperative Acute Stroke Study II.21 The primary outcome 
was the overall post-tPA ICH rate. All CT/MR results were 
analyzed by two independent neurologists.

Statistical analyses
All statistical analyses were performed using SPSS for 
Windows V.10 (V.19; SPSS). Continuous variables are 
presented as mean±SD, and categorical variables are 
expressed as percentages with corresponding 95% confi-
dential intervals (CIs). The differences were analyzed using 
the Student’s t-test and Fisher’s exact test. The univariate 
logistic regression model was applied to assess the crude 
odds ratio (OR) of post-tPA ICH affected by AF, LDL, 
National Institutes of Health Stroke Scale (NIHSS) and 
onset-to-treatment time interval. The stepwise multiple 
logistic regression model applied to obtain the adjusted OR 
using a probability of 0.05 as the entry value and 0.10 as the 
removal value. A p value of <0.05 was considered statisti-
cally significant.

Results
Overall, 218 patients with acute ischemic stroke 
received intravenous tPA treatment. Their mean age 
was 68.74±11.60 years old, and 92 (42.2%) of them 
were women. Their average onset-to-treatment time was 
118.16±40.86 minutes, and their mean NIHSS score was 
13.05±6.54. Follow-up neuroimages revealed overall 
post-tPA ICH in 23 (10.5%) patients. In comparison with 
patients without post-tPA ICH, those with ICH were 
more likely to have AF (65.2% vs 32.8% for patients 
with/without post-tPA ICH, p=0.001) and greater stroke 
severity (15.83±5.84 vs 12.72±6.56 for patients with/
without post-tPA ICH in NIHSS, p=0.031). In addition, 
patients with post-tPA ICH tended to have slightly lower 
LDL (102.00±24.56 vs 117.02±37.60 mg/dL for patients 

with/without post-tPA ICH, p=0.063), and less likely to 
have hyperlipidemia (fasting LDL≥130 mg/dL) (13.0% vs 
30.3% for patients with/without post-tPA ICH, p=0.093) 
(table 1).

Considering that several factors, such as AF, stroke 
severity, onset-to-treatment time interval and LDL demon-
strated in table  1,  were significantly or trendily (p<0.1) 
different between hemorrhage/non-hemorrhage groups, we 
conduct the regression models to investigate their impact on 
post-tPA ICH. In univariate regression model, the presence 
of AF and higher stroke severity were significantly associ-
ated with increased risk of post-tPA ICH (table 2). Neither 
LDL nor onset-to-treatment time interval affects the risk 
of post-tPA ICH. Further analysis through stepwise regres-
sion model found that AF was the only significant factor 
associated with increased risk of post-tPA ICH (adjusted 
OR: 1.177, 95% CI 1.080  to 1.283), but not the rest of 
the  factors (table  2). In addition, patients with AF had 
significant lower LDL level compared with non-AF patients 
(103.48±28.48 vs 120.96±38.78 mg/dL for patients with/
without AF, p<0.001).

Lastly, we analyzed the association between LDL and 
post-tPA ICH solely on patients without AF. There was 
neither significant difference on the fasting LDL level 
between non-AF patients with and without post-tPA ICH 
(104.00±33.38 vs 121.92±38.94 mg/dL for patients with/
without post-tPA ICH, p=0.205) nor the likelihood of 
hyperlipidemia (LDL≥130 mg/dL) (25.0% vs 33.3% for 
patients with/without post-tPA ICH, p=1.000) (table 3).

Table 1  Comparison of the demographic data between patients 
with and without post-tPA hemorrhage

Post-tPA ICH (−)
n=195

Post-tPA ICH (+)
n=23 p Values

Age (y) 68.59±11.95 69.96±8.22 0.482

Female (%) 84 (43.1) 8 (34.8) 0.509

Hypertension (%) 155 (79.5) 19 (82.6) 0.764

Diabetes (%) 60 (30.8) 7 (30.4) 1.000

AF (%) 54 (32.8) 15 (65.2) 0.001

OTT (min) 119.40±42.09 107.65±26.91 0.073

NIHSS 12.72±6.56 15.83±5.84 0.031

LDL (mg/dL) 117.02±37.60 102.00±24.56 0.063

LDL≥130 mg/dL (%) 59 (30.3) 3 (13.0) 0.093

Data are presented as mean±SD or number (percentage).
AF, atrial fibrillation; ICH, intracranial hemorrhage; LDL, low-density 
lipoprotein; NIHSS, National Institutes of Health Stroke Scale; OTT, onset-to-
treatment time; tPA, recombinant tissue plasminogen activator.

Table 2  Regression model of the risk of post-tPA ICH related to 
different conditions

Crude 
OR 95% CI Adjusted OR 95% CI

AF 1.180 1.087 to 1.281 1.177 1.080 to 1.283

LDL (mg/dL) 0.999 0.998 to 1.000 – – 

OTT (min) 0.999 0.998 to 1.000 – – 

NIHSS (points) 1.007 1.001 to 1.013 – – 

AF, atrial fibrillation; ICH, intracranial hemorrhage; LDL, low-density 
lipoprotein; NIHSS, National Institutes of Health Stroke Scale; OTT, onset-to-
treatment time; tPA, recombinant tissue plasminogen activator. 
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Discussion
The present study addressed the controversial issue of 
whether low LDL increases the risk of post-tPA ICH. This 
study demonstrated that although LDL tended to be nega-
tively associated with post-tPA ICH, this correlation was 
possibly confounded by AF. AF was significantly associ-
ated with post-tPA ICH and patients with AF had signifi-
cant lower LDL. Excluding the effect of AF, no association 
was observed between LDL and post-tPA ICH. The present 
study is the first to report that the association between LDL 
and post-tPA ICH is misled due to AF.

Currently, whether LDL is associated with postischemic 
stroke ICH remains controversial. Cholesterol is one of 
the most important components for maintaining membrane 
integrity and for providing resistance to the rupture of 
small vessels.22 HT is defined as ICH occurrence after isch-
emic stroke; in patients with HT, blood extravasation is 
observed around small vessels because of the breakdown of 
the blood–brain barrier,23 24 and plasma accumulation and 
edematous of brain parenchyma are also observed, which 
are associated with the deterioration of the neurological 
status of the patients. Based on the association between 
cholesterol and membrane integrity, some studies have 
proven the positive association of low LDL with a high 
risk of ICH.12 15 However, Kim et al showed that the inci-
dence of ICH increased only in the cardioembolic group, 
regardless of the LDL level.5 HT is one of the most well-
known characteristics of cardioembolic stroke; it results 
from spontaneous recanalization and reperfusion injury in 
the brain, which induce endothelial cell damage and subse-
quent extravasation. Thrombolysis enhances the possibility 
of recanalization and mitigates subsequent reperfusion inju-
ry-related damage, which can lead to post-tPA ICH.

Large artery stenosis, cardioembolism, and small vessel 
occlusion are the main causes of ischemic stroke, and AF is 
the major etiology of cardioembolism.25 The fundamental 
pathogenesis of large artery stenosis and small vessel occlu-
sion is atherosclerosis.26 27 By contrast, AF may result from 
ischemic heart disease, structural heart disease, autonomic 
dysfunction, or hyperthyroidism,28 which may not be asso-
ciated with atherosclerosis. Because LDL plays an essential 
role in atherosclerosis,29–31 the observation of a signifi-
cantly higher mean LDL level in non-AF stroke patients is 
not surprising. In addition, AF is strongly associated with 
post-tPA ICH due to the aforementioned recanalization 
and reperfusion injury.32–34 This indirect connection may 
explain why LDL was lower in patients with post-tPA ICH 
and why the correlation was not observed after adjustment 
for AF.

The present study has some limitations. First, statins are 
the mainstream treatment for lowering LDL and are asso-
ciated with ICH. The present study did not investigate the 
effect of statins on post-tPA ICH due to incomplete medical 
records. Because Shuang Ho Hospital has been in opera-
tion since August 2009, half of the study patients were new 
to the hospital, and their prescription history was unclear. 
The other limitation is the timing of blood sampling for 
measuring fasting LDL. It was performed within 72 hours 
after tPA under the overnight fasting condition. However, 
fasting for the following 24 hours is routine clinical practice 
for patients receiving tPA; therefore, the LDL level after-
wards may not be in line with the LDL level during tPA.35 36

In summary, the present study revealed that LDL was 
indirectly associated with post-tPA ICH, and the asso-
ciation was confounded by AF. After adjustment for the 
confounding effect of AF, LDL was not associated with 
post-tPA ICH. These findings ease the issue about lowering 
LDL and post-tPA ICH. For patients with abnormal elevated 
LDL and a high risk of ischemic stroke, clinicians need 
not be concerned about the risk of post-tPA ICH before 
prescribing a lipid-lowering agent.
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