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INTRODUCTION:
Hemorrhagic transformation (HT) is one of the major complications 
after ischemic stroke. HT poses high mortality and morbidity (1). 
Mechanisms underlying HT include immune mediated inammatory 
responses, dysfunction of Sodium- potassium ATPase pumps 
secondary to ischemia related local hypoxia, thereby leading to 
disruption of blood brain barrier, extravasation of blood, and cytotoxic 
edema (2,3). Various studies showed incidence of HT being 10 to 40%, 
with symptomatic HT incidence in the range of 0.6 to 20 (1,4). Various 
risk factors reported to be associated with HT after ischemic stroke 
include advanced age, atrial brillation, cardioembolic stroke, high 
systolic blood pressure, severe stroke (high NIHSS), massive stroke 
etc. (1,5) (6). Thrombolysis or reperfusion therapy itself poses a risk 
for occurrence of HT (1,7). Various studies reported low levels of low 
density lipoprotein cholesterol (LDL-C) as an independent risk factor 
for HT. Wang et al., in their study found that in patients with HT, there 
was low level of LDL-C, total cholesterol (8). Zhang et al., in their 
study reported high levels of high density lipoprotein cholesterol 
(HDL-C) in patients with HT after thrombolysis (9). However, few 
studies reported no signicant association of total cholesterol, HDL-C 
levels with HT (10). There are very few studies which studied the 
association of Total cholesterol, Triglyceride to HDL-C ratio with HT. 
Thorough literature search revealed very limited Indian data. With this 
background, we did a study to assess the association of total 
cholesterol, Triglyceride to HDL-C ratio with HT. 

METHODOLOGY:
This is a prospective observational study done on 100 consecutive 
ischemic stroke cases admitted in the wards of neurology in Madras 
medical college, Chennai. The study was conducted during the time 
from May 2023 to August 2023 after obtaining the Institute ethical 
committee clearance. All patients with acute ischemic stroke 
conrmed by history, neurological examination, imaging and willing 
to give written informed consent were included in the study. Patients 
who were already on antiplatelets, anticoagulants, who underwent 
thrombolysis, and CT brain showing hemorrhagic stroke were 
excluded from the study. The blood samples drawn for routine 
investigations were used for the purpose of the study thereby avoiding 
exclusive blood withdrawal. 2ml of blood sample was obtained from 
the antecubital vein of the patient and lipid prole (total cholesterol, 
triglyceride, HDL-C level) was assessed. All patients underwent 
Magnetic resonance imaging of the brain as part of routine stroke care. 
Data regarding hemorrhagic transformation (HT) was collected from 

the imaging results. The data was analyzed.

Statistical Analysis:
Data entered Microsoft excel sheet and analyzed using SPSS software 
version 21.0 (IBM-SPSS Science Inc., Chicago, IL). Quantitative data 
was given as mean and standard deviation, whereas qualitative data 
was given as percentage and frequency. Categorical variables were 
compared using Pearson Chi-square test. Signicance was dened as P 
value less than 0.05 using a two-tailed test.  

RESULTS:
Of the 100-study population, 67 (67%) were males, 33 (33%) were 
females. Mean age was 54+/-11.7 years.  Diabetes mellitus was 
present in 49 (49%) individuals, Hypertension was present in 50 (50%) 
individuals. Coronary artery disease (CAD) was present in 11 out of 
100 individuals. The arterial territory involved was the anterior 
cerebral artery (ACA), Middle cerebral artery (MCA), Posterior 
cerebral artery (PCA) in 2%, 78%, 20% individuals respectively. 13 
out of 100 (13%) individuals had massive stroke. General 
characteristics of study population are given in table 1.

Table 1: General characteristics of the study population

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH

Neurology

Volume - 12 | Issue - 12 | December - 2023 | PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

ABSTRACT
Background: Hemorrhagic transformation (HT) is a well-known complication after ischemic stroke, with its incidence being higher after 
thrombolysis. Various risk factors like older age, high blood pressure, and poor glycemic control are associated with HT. Recent studies showed 
associations of low level of Low-density lipoprotein (LDL) cholesterol with HT, however the association of total cholesterol, triglyceride to high 
density lipoprotein cholesterol (HDL-C) ratio with HT is less frequently studied. In this study, we analyzed the association of total cholesterol level, 
triglyceride to HDL-C ratio with HT of ischemic stroke.  To study the association of total cholesterol level, triglyceride to Aims and objectives:
HDL-C ratio with the HT of ischemic stroke.  Data from a total of 100 consecutive patients with ischemic stroke (from 15.05.2023 to Methodology:
15.08.2023) were collected. Lipid prole including total cholesterol, triglycerides, HDL-C and MRI brain imaging details of HT were collected. 
All the patients were divided into 4 groups based on total cholesterol level (group 1 – total cholesterol </= 153 mg/dl, group 2 – 153 to 177 mg/dl, 
group 3 – 178 to 202 mg/dl, group 4 >202 mg/dl). HT and its association with lipid prole was assessed. Of 100 patients, Results and conclusions: 
34 (34%) had HT. 16 out of 34 (47.1%) had HT in group 1. 8 out of 19 (42.1%) had HT in group 2. 4 out of 15 (26.7%) had HT in group 3. 6 out of 32 
(18.8%) had HT in group 4. The triglyceride to HDL ratio was in the range of 2.1 to 6.1 among 31.5% of patients with HT. From our study we 
concluded that HT occurred more commonly in groups 1 and 2, however this association was not statistically signicant. Triglyceride to HDL-C 
ratio had no signicant association with HT. 
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 Number of study population %
Age group <30 3 3.0%

31-40 12 12.0%
41-50 25 25.0%
51-60 35 35.0%
61-70 16 16.0%
>71 9 9.0%

Gender Male 67 67.0%
Female 33 33.0%

DIABETES No 51 51.0%
Yes 49 49.0%

HYPERTENSION No 50 50.0%
Yes 50 50.0%

CAD No 89 89.0%
Yes 11 11.0%

Territory involved ACA 2 2.0%
MCA 78 78.0%
PCA 20 20.0%
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Haemorrhagic transformation (HT) was present in 34 out of 100 (34%) 
cases. 34 out of 100 (34%) had total cholesterol <154 mg/dl (group 1), 
19 out of 100 (19%) had total cholesterol from 154 to 177mg/dl (group 
2), 15 out of 100 (15%) had total cholesterol from 178 to 202 mg/dl 
(group 3), and 32 out of 100 (32%) had total cholesterol above 
202mg/dl (group 4). 16 out of 34 (47.1%), 8 out of 19 (42.1%), 4 out of 
15 (26.7%), 6 out of 32 (18.8%) had haemorrhagic transformation in 
group 1, 2, 3, 4 respectively (p value 0.078). Figure 1 shows the 
association of total cholesterol level with HT. 

Figure1: Total cholesterol and hemorrhagic transformation (P 
0.078)

Triglyceride to HDL-C ratio was <2.1 in 11 out of 100, 2.1 to 6 in 73 out 
of 100, > 6 in 16 out of 100 individuals. 4 out of 11 (36.4%) individuals 
with triglyceride to HDL-C ratio of <2.1 had HT, 23 out of 73 (31.5%) 
individuals with triglyceride to HDL-C ratio of 2.1 to 6 had HT, and 7 
out of 16 (43.8%) individuals with triglyceride to HDL-C ratio of  >6  
had HT (P value 0.635). Table 2 shows association of Triglyceride to 
HDL-C ratio with HT.  Of the 34 individuals with HT, 2 had massive 
stroke, whereas 32 had no massive stroke. 

Table 2: Triglyceride to HDL ratio with Haemorrhagic 
transformation

DISCUSSION:
In our study, the mean age of study population was 54+/-11.7 years, 
which was comparable to previous studies. HT occurred in 34% of 
study population. Zhang et al., in their review article reported the 
incidence of HT ranging from 13% to 43% (4). Of the 100-study 
population, 34%, 32% had fallen into groups 1, 4 (according to total 
cholesterol level) respectively. Majority were in groups 1 and 4. HT 
occurred in 47.1% in group 1, 18.8% in group 4. There was less 
occurrence of HT in patients with high total cholesterol. In our study, 
we found no statistically signicant association between total 
cholesterol level and HT (P 0.078). Nardi et al, in their systemic review 
found no association of total cholesterol, HDL-C with HT (10).  Of the 
total 34 patients with HT, 4 (11.7%) had triglyceride to HDL-C ratio 
<2.1 and 23 (67.6%) had Triglyceride to HDL-C ratio of 2.1 to 6% . 
Lower the triglyceride to HDL-C ratio, higher the risk of HT in large 
artery atherosclerosis. Molecular basis for increased HT with low lipid 
levels remain unclear. Qi-Wen Deng et al., in their study found 
statistically signicant association of low triglyceride to HDL-C ratio 
with HT (11). However, in our study, there was no statistically 
signicant association between low triglyceride to HDL-C ratio with 
HT. This could be because of low numbers in the study group. 

CONCLUSION:
HT occurred more frequently in patients with low total cholesterol 
level. There was no signicant association of total cholesterol, 
triglyceride to HDL-C level with HT. Further studies with large sample 
size and follow up are required to ascertain these ndings. 
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Massive infarct No 87 87.0%
Yes 13 13.0%

 Hemorrhagic transformation P 
valueNo Yes

Number of 
study 
population

%
Number of 
study 
population

%

Triglyceride 
to HDL ratio

<2 7 63.6% 4 36.4% 0.635
2.1-6 50 68.5% 23 31.5%
>6.1 9 56.3% 7 43.8%
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