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ABSTRACT

وعوامل  السريري،  والعرض  الحدوث،  معدل  لوصف  الأهداف: 
الخطر ذات الصلة ، ونتائج التحول النزفي )HT( بين مرضى السكتة 

الدماغية.

المنهجية: حللت هذه الدراسة بأثر رجعي HT في مرضى السكتة 
الدماغية الإقفارية الذين تم إدخالهم إلى مدينة الملك عبد الله الطبية 
باستخدام  البيانات  حللنا   .2019 أبريل  إلى   2011 أغسطس  من 
والعلاجات  والإجراءات  المرضى  خصائص  عن  الإبلاغ  تم   .SPSS

والنتائج.

الإقفارية.  الدماغية  السكتة  مرضى  من   504 هناك  كان  النتائج: 
 66.5 العمر  متوسط  كان   .)8%( مريضا   38 في   HT عن  كشفنا 
 HT تصنيف  تم  الذكور.  من   )63%(  24 و  عام،   )-77.5  54.3(
على أنها احتشاء نزفي )HI( في 22 مريضا )%58(، بينما كان 16  
مريضا )%42( ورم دموي متني )PH(. كانت عوامل الخطر الأكثر 
شيوعًا هي: ارتفاع ضغط الدم )%74(، داء السكري )%66(، فرط 
تسعة   .)61%( الإقفارية  القلب  وأمراض   ،)63%( الدم  شحميات 
مرضى )%23.6( طوروا HT بعد تلقي العلاج التخثر. توفي مريض 

.HT واحد فقط )%3( من مرضى

السكتة  مرضى  جميع  من   )8%( النزفي  التحول  شكل  الخلاصة: 
وفرط  الدم،  ضغط  وارتفاع  والسكري،  السن،  كبر  الدماغية. 
طوروا  الذين  الدماغية  السكتة  مرضى  لدى  منتشر  الدم  شحميات 
قيمة  ذات  المقطعية  بالأشعة  الدماغ  متابعة  تكون  أن  يمكن   .HT

ويمكن أن تحدد HT مبكرًا للحصول على نتائج أفضل.

Objectives: To describe the incidence rate, clinical 
presentation, relevant risk factors, and outcome of 
hemorrhagic transformation )HT( among ischemic 
stroke patients.

Original Article

Methods: This retrospective study analyzed HT 
in patients with ischemic stroke admitted to King 
Abdullah Medical City from August 2011 to April 
2019. Data were analyzed using SPSS. Patients 
characteristics, procedures, treatments, and outcomes 
were reported.

Results: There were 504 ischemic stroke patients.  The 
HT was detected in 38 patients )8%(. The median age 
was 66.5 )54.3 -77.5( years, and 24 )63%( were males. 
HT was classified as hemorrhagic infarction )HI( 
in 22 patients )58%( while 16 patients )42%( were 
parenchymal hematoma )PH(. The most common 
risk factors noted were: hypertension )74%(, diabetes 
mellitus )DM( )66%(, hyperlipidemia )63%( and 
ischemic heart disease )IHD( )61%(. Nine patients 
)23.6%( developed HT after receiving thrombolytic 
therapy. Only one patient )3%( died of HT patients.

Conclusion: HT accounted for )8%( of all ischemic 
stroke patients. Old age, DM, hypertension, and 
hyperlipidemia are frequently encountered with 
stroke patients who developed HT. Follow up CT 
brain could be of value and could identify HT early 
to get better outcomes.

Neurosciences 2020; Vol. 25 (5): 345-349
doi: 10.17712/nsj.2020.5.20200085

From the Department of Neurology (Aljundi), Executive administration 
of Research and Innovation (Alhazmi), King Abdullah Medical City, 
Faculty of Medicine (Miyajan, Alharbi, Sindi, Aldhahwani, Bajaber)
Umm Al-Qura University, Makkah, Kingdom of Saudi Arabia 

Received 26th May 2020. Accepted 10th July 2020.

Address correspondence and reprint request to: Dr. Ziad E. Aljundi, 
Department of Neurology, King Abdullah Medical City, Makkah, 
Kingdom of Saudi Arabia. E-mail: aljundi.ziad@gmail.com 
ORCID ID: https://orcid.org/0000-0002-7107-714X 

     Neurosciences 2020; Vol. 25 )5( OPEN ACCESS
www.nsj.org.sa



346

Hemorrhagic transformation characteristics  ...   Aljundi et al

Neurosciences J 2020; Vol. 25 )5(  www.nsj.org.sa

Hemorrhagic transformation )HT( which is 
a spectrum of hemorrhage related to brain 

ischemia.1 The HT is a primary complications of acute 
ischemic stroke )AIS(.2 Ischemia makes the cerebral 
vasculature fragile and more reliable to cause HT after 
AIS.3-5 HT increases both morbidity and mortality 
rate in the ischemic stroke patients.2 The HT affects 
the outcomes with potential severe short- and long-
term effects.6 The incidence of HT is between 10-40% 
and depends on many factors.1,7,8 Most of HT occurs 
within 2 weeks of an ischemic stroke.5 Previous studies 
considered old age, hypertension )HTN(, diabetes 
mellitus )DM(, large infarct )>2 cm(, reperfusion time, 
lower platelet count and treatment with thrombotic- 
or anticoagulant-therapies as risk factors.9-12 The most 
effective treatment for AIS according to previous studies 
is recombinant tissue plasminogen activator )r-tPA(,13 
however, it appears to increase the risk of symptomatic 
or asymptomatic HT.1 Previous studies also suggest 
that the outcome of HT patients be strongly associated 
with HT type hemorrhagic infarction )HI( )Petechiae( 
or parenchymal hematoma )PH( )a space-occupying 
lesion(, PH was a significant predictor of both mortality 
and neurological deterioration.14 Thus, it is critical to 
understand HT and its characteristics especially in our 
population. This retrospective study was designed to 
describe the incidence rate, clinical presentation, and 
relevant risk factors of HT among ischemic stroke 
patients. Identifying such knowledge could improve the 
outcome and decrease the risk of HT in AIS patients.

Method. This is a retrospective study conducted 
in King Abdullah Medical City )KAMC(— a 500-
bed hospital in Makkah, Kingdom of Saudi Arabia. 
We identified all patients admitted to KAMC as a 
case of ischemic stroke from August 2011 to April 
2019. Patients who were diagnosed with conditions 
other than ischemic stroke and did not develop HT 
were not considered. All patients did a baseline brain 
computed tomography )CT( scan within 24 hours from 
symptoms onset and HT detected in follow-up CT 
imaging reviewed by a stroke neurologist. The HT was 
defined as ‘any degree of hyperdensity within the area 
of low attenuation’.4 The definition of small infarct size 
)lacunar infarct which is lesion <2 cm(.15 We included 

all the patients who admitted as a case of AIS, and from 
those we have excluded all the patients who did not 
developed HT. Of the total ischemic stroke patients, 
we found 38 patients developed HT (Figure 1). The 
38 records were reviewed, and the following data were 
collected: age, gender, nationality, risk factors, baseline 
stroke severity scores, laboratory results, radiological 
reports, vital signs, therapeutic interventions, prescribed 
medications, complications during hospitalization, 
stroke severity scores at discharge, length of hospital 
stay and hospital mortality. The data were collected by 
6th-year medical students and supervised by a stroke 
neurologist.

Data were analyzed using SPSS version 23. 
Univariable distributions were examined for anomalies, 
and errors were corrected. Discrete variables were 
reported using counts and percentages. Continuous 
variables were examined for normality of distribution 
visually and by assessing the measure of skewness. Most 
of the variables were skewed, which indicates that they 
are not behaving like normal distribution. We also used 
the Kolmogorov-Smirnov test and Shapiro-Wilk test 
to test whether the distributions are normal. Almost 
all the continuous variables have p-values that are well 
below 0.05. The low p-values imply that there is strong 
evidence that most of the continuous variables are 
not perfectly normal. Thus, continuous variables were 
presented as the median and quartiles. The institutional 
review board )IRB( of King Abdullah Medical City in 
Makkah approved the study.

Results. A total of 504 ischemic stroke patients 
admitted to the hospital during the research period. 
HT was detected in 38 patients accounting for 8% of 
all ischemic stroke patients. Patients who developed HT 
median 66.5 )54.3-77.5( years of age and 24 )63%( 
were male. The median National Institutes of Health 
Stroke Scale )NIHSS( at admission was 10 )5.0-14.2(, 
and the median Glasgow coma scale )GCS( was 14.5 
)13.0 - 15.0(. Hypertension )73.7%(, DM )65.8%(, 
hyperlipidemia )63.2%(, and atrial fibrillation )A-Fib( 
)36.8%( were the most frequent comorbidities. The 
other comorbidities are listed in (Table 1). The most 
commonly used medications were antiplatelets )50%(, 
antihypertensive )86.4%(, and hypoglycemic agents 
)42.1%(. Regarding stroke etiology, 21 patients )55.3%( 
were cardioembolic (Table 1).

A small infarct size )<2 cm( was found in 5 patients 
)13.2%( and 33 patients )86.8%( had medium to large 
)>2 cm(. The HI occurred in 22 patients )57.9%(, 
while PH was seen in 16 patients )42.1%(. Thirty-one 
patients )81.5%( had anterior circulation, and 6 patients 
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unit )ICU(. A foley catheter was applied to 18 patients 
)47.4%(, and 5 patients )13.2%( were intubated; 
37 patients )97.4%( received antiplatelets, and 34 
patients )89.5%( received deep venous thrombosis 
)DVT( prophylactic. Eleven patients )28.9%( received 
anticoagulant, and 36 patients )94.7%( received lipid 
lowering agents (Table 4).

Other neurological complications were reported as 
depression )18.4%( and epileptic seizure )13.2%(; DVT 
developed in 2 patients )5.3%(. The median NIHSS 
score at discharge was 5 )3 - 10.2(. Five patients show 
4 points drop in NIHSS score after HT. There were 11 
patients )28.9%( who required a hospital stay less than 
one week, 10 patients )26.3%( were between 8 to 14 
days, and 17 patients )44.7%( were more than 2 weeks. 
Only one patient )2.6%( died during hospitalization 
and accounted for )2.6%( of the total HT in patients 
with ischemic stroke (Table 5).

Discussion. The HT is one of the major 
complications of AIS, which can severely affect the 
outcome. This retrospective study describes the incidence 
rate, risk factors, clinical presentation, and outcomes of 
HT in patients with AIS admitted to a tertiary hospital 

Table 1 - Demographics and baseline characteristics of patients with 
HT.

Variables Patients with HT  
(n=38) n(%)

Demographic variables
Gender

Male 

Female

24 )63.2(

14 )36.8(
Nationality

Saudi

Non-Saudi

28 )73.7(

10 )26.3(
Age

Median )IQR( 66.5 )54.3 -77.5(
Stroke severity scores at admission
NIHSS 

Median )IQR( 10.0 )5.0 - 14.2(
GCS

Median )IQR( 14.5 )13.0 - 15.0(
Risk factors
HTN

DM

Hyperlipidemia

IHD*

Previous stroke

A-Fib

Smoking

CHF†

Previous TIA‡

Alcohol use

28 )73.7(

25 )65.8(

24 )63.2(

23 )60.5(

17 )44.7(

14 )36.8(

12 )31.6(

5 )13.2(

3 )7.9(

1 )2.6(
Ischemic etiology
Cardio-embolic

Large artery disease

Small artery disease lacunar

Other

Unknown

21 )55.3(

2 )5.3(

1 )2.6(

1 )2.6(

13 )34.2(
Medications prior to hospitalization
Antiplatelet

Dual Antiplatelet

Anticoagulation

Lipid-lowering agents

Antihypertensive drug

Hypoglycemic drug

19 )50(

18 )47.4(

5 )13.2(

10 )26.3(

26 )86.4(

16 )42.1(
*IHD - Ischemic heart disease, †CHF - Congestive heart 

failure, ‡TIA - Transient ischemic attack

Table 2 - Vital signs and lab findings of patients with HT at admission.

Vital Signs Patients with HT
(n=38)

Systolic BP*(mmHg)
Median )IQR( 136.0 )126.0 – 152.7(
Diastolic BP (mmHg)
Median )IQR( 73.5 )67.7 – 86.5(
Random Blood Glucose (mg/dl)
Median )IQR( 163.5 )116.2 – 279.5(
Lab results of the patients with HT at admission

Lab results Patients with HT
(n=38)

Triglyceride (mg/dL)
Median )IQR( 104 )77- 184.5(
Cholesterol in LDL†(mg/dL)
Median )IQR( 94.9 )73.7 - 123.2(
Cholesterol (mg/dL) 
Median )IQR( 157.6 )126.0 - 199.0(
PT‡ (sec)
Median )IQR( 13.6 )12.3 - 14.4(
PTT§ (sec)
Median )IQR( 32 )28.8 - 33.9(
INR§§

Median )IQR( 1 )1- 1.2(
Platelet (109/L)
Median )IQR( 239 )198.5 - 277.2(

*BP - Blood pressure, †LDL - Low density lipoprotein, ‡PT - 
Prothrombin time, §PTT - Partial thromboplastin time, §§ INR 

- International normalized ratio

)15.7%( had posterior circulation. Only one patient 
)2.6%( had both anterior and posterior (Table 3).

Nine patients )23.7%( received tPA, and 6 patients 
)15.8%( underwent endovascular therapy. Twenty-five 
patients )65.8%( were admitted to the intensive care 
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in Kingdom of Saudi Arabia from August 2011 to April 
2019. There were 504 patients with AIS: 321 males 
)63.69%( and 183 females )36.31%(. Of those, HT was 
detected in 38 patients )8%(: 24 males )63.2%( and 14 
females )36.8%(. The incidence of HT is )7.48%( in 
males and )7.65%( in females in our sample. Studies 
show the incidence of HT is variable depending on 
many factors including the study design and inclusion 
criteria. The incidence of HT after r-tPA is 10-30%.4, 12 

However, the incidence rate is )15%( in our population. 
Accordingly, most patients who received r-tPA therapy 
had a better prognosis compared to patients who did 
not receive r-tPA therapy.13,16 Some studies consider 
r-tPA as a risk factor for PH.17,18 

We found that HTN )73.7%(, DM )65.8%(, 
hyperlipidemia )63.2%(, and A-Fib )36.8%( are the 
most common comorbidities. Several studies reported 
that DM and HTN are risk factors for HT.16,19 In our 
study, hyperlipidemia was seen in 24 patients )63.2%(. 
Other studies showed a relation between low LDL 
level and HT and explained this via the involvement 
of cholesterol in the integrity of blood vessel; therefore, 
low cholesterol levels lead to the weak blood vessel 
and subsequent rupture resulting in hemorrhage.19,20 
However other studies showed no association between 
the level of cholesterol and HT and mentioned that 
the relation between HT & dyslipidemia remains 
controversial. 

Table 3 - Radiological feature in patients with HT.

Variables Patients with HT
(n=38)

Type of HT
Hemorrhagic infarction
Parenchymal hematoma

22 )57.9(
16 )42.1(

Infract size 
Small 
Medium to large

5 )13.2(
33 )86.8(

Stroke distribution
Anterior circulation
Posterior circulation
Both

31 )81.5(
6 )15.7(
1 )2.6(

Table 4 - Management parameters and prescribed medications for 
patients with HT.

Variables Patients with HT
(n=38) n (%)

Management parameters
tPA
Endovascular therapy
ICU admission
Intubation
Foley catheter

9 )23.7(
6 )15.8(
25 )65.8(
5 )13.2(
18 )47.4(

Medication during hospitalization before HT
Antiplatelet
DVT prophylactic
Anticoagulation
Lipid-lowering agents
Antihypertensive drug
Hypoglycemic drug

37 )97.4(
34 )89.5(
11 )28.9(
36 )94.7(
31 )81.6(
18 )47.7(

Table 5 - Complications and outcomes data among HT.

Variables
Patients with HT

(n=38)
Complications during hospitalization
Pulmonary embolism 
Pneumonia
Epileptic seizure 
Depression 
DVT

1 )2.6(
2 )5.3(
5 )13.2(
7 )18.4(
2 )5.3(

Stroke Severity scores at discharge
NIHSS at discharge 
Median )IQR( 5 )3 - 10.2(

Length of stay
<=1 weeks
8–14 days
>2 weeks

11 )28.9(
10 )26.3(
17 )40.7(

Outcome
Improved
Transferred to another facility
DAMA*
Death

34 )89.4(
2 )5.2(
1 )2.6(
1 )2.6(

Drop in NIHSS 4 points 5 )13.2(
*DAMA - Discharge against medical advice

Figure 1 - Population.
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We also found HT was encountered more in our 
sample with patients who were found to have large infarct 
size )86.8%(. This could be because cardiac embolism is 
accompanied by large vessel occlusion. This leads to a 
large infarct size which considered to be a risk for HT.19, 

21 In our study, half of the HT patients )47.4%( were on 
dual antiplatelet therapy. We cannot determine if such 
treatment is a risk factor or not. In a match study which 
took 18 months, they found that patients with ischemic 
stroke who had both clopidogrel )Plavix( and aspirin 
together had an insignificant decrease in major vascular 
events, while they were found to have an increasing risk 
of life threatening events, and major bleeding.22

There are some limitations of our study: First, our 
study conducted in one center so our population may 
not be representative in large scale. Second, our sample 
is small, so it is hard to come to conclusion about the 
clinically significant of different variables. Thus, further 
large sample size, prospective studies of HT will provide 
more significant clinical information. Future research 
idea to take the HT patients and compare them with the 
non-HT patients across all the different variables.

In conclusion, old age, DM, hypertension, and 
hyperlipidemia are frequently encountered with stroke 
patients who developed HT. The HT was detected in 38 
patients accounting for 8% of all AIS patients. Follow-
up brain CT could be of value even if the patient is 
asymptomatic to identify the HT early to get a better 
outcome.
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