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Abstract 

Introduction: Thrombolysis therapy in the management of acute myocardial infarction (AMI) significantly 

increases major bleeding risk. As major bleeding is associated with mortality, predicting the bleeding could 

improve the overall outcome of thrombolysis therapy. The use of CRUSADE risk score has not been 

evaluated among the Malaysian population, particularly in AMI patients who received streptokinase. 

Objective: This study aimed to evaluate the association of the patient characteristics and clinical outcomes 

with major bleeding events and to examine the prognostic value of CRUSADE risk score in predicting major 

bleeding among AMI patients in Hospital Selayang. 

Method: AMI patients admitted to Hospital Selayang who received streptokinase from Jan 2015 to Dec 

2018 were included through universal sampling. Patients were grouped into major bleeding and non-major 

bleeding groups. Patients’ demographic data, baseline clinical characteristics and clinical outcomes during 

the hospital stay were extracted from the electronic medical records. The CRUSADE risk score was 

calculated for all patients and tested using C statistic and receiver operating characteristics (ROC) curve. 

Results: In this study, 143 AMI patients with median age of 54 years old (interquartile range (IQR) 14) were 

included. Three patients had major bleeding (2.1%), while 31 patients had minor bleeding (21.7%). Patients 

with minor bleeding and without bleeding were grouped into the non-major bleeding group (n=140, 97.1%). 

There was no significant differences in the demographics and baseline characteristics between the two 

groups. Major bleeding was associated with mortality (p=0.013) and longer duration of hospital stay 

(p=0.003). There was no significant prognostic value of the CRUSADE model in predicting major bleeding 

among AMI patients receiving Streptokinase [C=0.539; 95% Confidence Interval (CI) 0.353-0.726; p=0.816]. 

Conclusion: CRUSADE risk score was not an independence predictor of major bleeding in AMI patients 

who received streptokinase in Hospital Selayang. Future study with a larger population is needed to get 

more significant results. 
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Introduction 

The leading cause of morbidity and mortality worldwide and in Malaysia is coronary artery disease (1–4). 

According to the World Health Organization (WHO), 115.14 deaths per 100,000 population in Malaysia in 

2019 were caused by coronary artery disease, which includes acute coronary syndrome, ST-elevation 

myocardial infarction (STEMI), non-ST elevation myocardial infarction (NSTEMI) and unstable angina (2).  

The main goal of treatment for myocardial infarction (MI) is to reduce the size of infarct. The latest treatment 

modalities for MI with electrocardiographic evidence of STEMI consist of thrombolysis, percutaneous 

coronary intervention (PCI) and medical treatment (1, 3, 5). Reperfusion must be done early and prompt as 

time lost is equivalent to myocardium lost (1). Therefore, it is practicable to start thrombolysis therapy in the 

emergency department in order to reduce delay from first medical contact to cardiac reperfusion. 
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The use of streptokinase as thrombolytic agent is very common as it is effective and affordable. 

Mortality risk is significantly reduced by thrombolysis therapy with streptokinase, where it will restore the 

coronary patency (1). However, thrombolysis therapy is also associated with the increased risk of major 

bleeding events (4–7). In-hospital major bleeding is associated to short- and long-term mortality, stroke, MI, 

blood transfusion, as well as increased duration of hospital stay and cost (8). Clinical decisions should weigh 

between the risks of recurrent ischemia and major bleeding as both risks are associated with higher mortality 

rate (7).  

The CRUSADE (Can Rapid Risk Stratification of Unstable Angina Patients Suppress Adverse 

Outcomes with Early Implementation of the ACC/AHA Guidelines) score is one of the tools introduced to 

predict the risks of bleeding in NSTEMI patients (9, 10). This score was originally developed for NSTEMI 

patients, but was subsequently validated in STEMI patients (11). Previous studies reported that CRUSADE 

score was accurate in the prediction of major bleeding events (4). However, this score was created based 

on Caucasian population (5, 8), and limited studies have been performed to validate the application of 

CRUSADE score in the management of STEMI among the East Asian population. The score functions have 

not been evaluated in the Malaysian setting with different patient characteristics and treatment patterns, 

particularly in STEMI patients. Directly applying this prediction model may over or underestimate the 

bleeding risks. Therefore, this study was carried out to evaluate the association of the patient characteristics 

and clinical outcomes with major bleeding as well as to examine the prognostic value of CRUSADE risk 

score in predicting the in-hospital major bleeding among acute myocardial infarction (AMI) patients in 

Hospital Selayang. 

 

Method 

A single-centred retrospective study was carried out in Hospital Selayang, Selangor, Malaysia. This study 

was registered in the National Medical Research Register (NMRR) (ID No: NMRR-16-1817-32350) and 

ethics approval was granted by the Medical Research and Ethics Committee (MREC), Ministry of Health on 

3rd July 2018. 

All AMI patients aged above 18 years old who were admitted to Hospital Selayang and received a 

single dose of IV Streptokinase 1.5 million units from January 2015 to December 2018 were included in this 

study. Patients were excluded if they received double thrombolysis therapy (streptokinase and 

tenecteplase) or if they had taken oral anticoagulant prior to MI.  

Sample size estimation was calculated using the population proportion formula (12). Prior data 

indicated that the proportion of major bleeding was 0.183 (13). If the Type I error probability and precision 

were 0.05 and 0.05, the targeted sample size was 167 patients.  

Patients’ demographic data and baseline laboratory data before streptokinase administration (i.e. 

hematocrit level, heart rate, systolic blood pressure, creatinine clearance-calculated using Cockcroft-Gault 

formula) were extracted from Hospital Selayang’s electronic medical record and documented into the data 

collection form. All records throughout the hospital stay episode were checked and clinical outcomes such 

as major and minor bleeding, heart failure, cardiogenic shock and mortality were documented. 

Patients were classified into two groups, namely major bleeding group and non-major bleeding 

group, based on the presence or absence of major bleeding. The definition of major and minor bleeding 

was shown in Table 1. Those with minor bleeding and no bleeding were grouped into the non-major bleeding 

group. CRUSADE risk score was calculated for every patient based on the baseline and clinical information 

collected. Table 2 showed the algorithm of CRUSADE risk score calculation (10), and Table 3 showed the 

risk stratification for CRUSADE risk scores. 

Data were analysed using Statistical Package for Social Science (SPSS) version 21.0 and Microsoft 

Excel version 2013. Descriptive analysis such as frequency, percentage, median and interquartile range 

(IQR) were used to analyse the distribution of demographic data. Statistical tests such as Fisher’s exact test 

(for categorical data) and Mann-Whitney test (for continuous data) were performed to compare the 

differences of demographics, baseline data and clinical outcomes between major bleeding and non-major 

bleeding groups. Meanwhile, to test the prognostic value of CRUSADE risk score, C-statistic or the area 

under the receiver operating characteristic (ROC) curve were used. C-statistics are commonly used in 

medical literature to evaluate a scoring system’s capacity to distinguish between two groups of population 

that do and do not experience the outcome of interest. A C-statistic value of 0.5 and below suggests a very 
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poor model, while a value more than 0.7 suggests a good model (14). A p-value less than 0.05 was regarded 

as being statistically significant. 

 

Table 1: Definition of Major and Minor Bleeding 

Major Bleeding Minor Bleeding 

• Fatal bleed 

• ICB – confirmed by computed tomography (CT) or 

magnetic resonance imaging (MRI) 

• Upper gastrointestinal bleed (UGIB) – confirmed by 

Oesophagus Duodenoscopy (OGDS) procedure 

• Retroperitoneal bleed  

• ≥ 5cm hematoma 

• Overt bleeding (including on imaging) with decrease 

Hemoglobin ≥ 5g/dl or Hematocrit ≥ 15% from 

baseline 

• Bleeding that causes substantial hemodynamic 

compromise that requires intervention or treatment 

(i.e. blood product transfusion/ Vitamin K/ 

Tranexamic acid). 

• Gum bleeding 

• Spontaneous gross hematuria* 

• Spontaneous hematemesis* 

• Other bleeding not requiring treatment or 

causing hemodynamic compromise, resulting 

Hemoglobin drop by 3 – 5 g/dl or Hematocrit 

drop by 10 -15% 

(*even if hemoglobin or hematocrit drop 

was < 3g/dl or <10%, respectively) 

 

Definition is based on the Thrombolysis in Myocardial Infarction (TIMI), Global Use of Strategies to Open Occluded 

Arteries (GUSTO) and ACUITY criteria of major/ severe bleeding(18, 20, 21) 

 

 

Table 2: Algorithm to determine the CRUSADE risk score of in-hospital major bleeding 

Predictor Range Score 

Baseline Hematocrit < 31 

31 – 33.9 

34 – 36.9 

37 – 39.9 

≥ 40 

9 

7 

3 

2 

0 

Creatinine Clearance ≤ 15 

> 15 – 30 

> 30 – 60 

> 60 – 90 

> 90 – 120 

> 120 

39 

35 

28 

17 

7 

0 

Diabetes Mellitus No 

Yes 

0 

6 

Signs of Heart Failure No 

Yes 

0 

7 

Systolic Blood Pressure ≤ 90 

91 – 100 

101 – 120 

121 – 180 

181 – 200 

≥ 201 

10 

8 

5 

1 

3 

5 

Heart Rate ≤ 70 

71 – 80 

81 – 90 

91 – 100 

101 – 110 

111 – 120 

≥ 121 

0 

1 

3 

6 

8 

10 

11 

Prior Vascular Disease No 

Yes 

0 

6 

Female Sex No 

Yes 

0 

8 
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Table 3: CRUSADE Risk Score Stratification 

Risk stratification Score 

Very Low <20 

Low 21 - 30 

Moderate 31 - 40 

High 41 - 50 

Very High >50 

 

Results 

The number of AMI patients receiving IV Streptokinase in Hospital Selayang from January 2015 to 

December 2017 were 596. A total of 143 patients met the inclusion criteria of this study (Figure 1). Only 

three patients (2.1%) were in the major bleeding group, while the remaining 140 (97.9%) were in the non-

major bleeding group. There was no statistically significant difference in the demographics and baseline 

characteristics between the two groups (Table 4). There was also no significant difference in the CRUSADE 

risk score between the major bleeding and non-major bleeding group, with a median score of 23 (min, max 

23, 33) and 25 (IQR 15), respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Abbreviation: AMI = Acute myocardial infarction 

Figure 1: Selection process of eligible patients 

 

 

 

 

 

 

 

 

 

 

 

 

AMI patients receiving streptokinase from Jan 

2015 – Dec 2018 (based on Streptokinase 

Alert Card List) (n=596) 

 

Excluded (n=453) 
- missing/ incomplete data (n=434) 
- thrombolysed with tenecteplase (n=13) 
- received double thrombolysis therapy 

(n=3) 

- streptokinase for indications other than MI 
(n=2) 

- receive oral anticoagulant prior 
streptokinase (n=1) 

Included for analysis 

(n=143) 

 

Non-major bleeding (n=140): 

- minor bleed (n=31) 

- no bleeding (n=109) 

Major bleeding 

(n=3) 
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Table 4: Patient characteristics (n=143) 
 Major Bleeding 

(n=3) 
Non-Major Bleeding 

(n=140) 
p- value 

Age, median years (min, max / IQR) 54 (54, 73) 54 (14) 0.402a 

Gender, n (%) 

Male 

Female 

 

3 (100) 

0 (0) 

 

127 (90.7) 

13 (9.3) 

1.000b 

Race, n (%) 

Malay 

Others 

 

2 (66.7) 

1 (33.3) 

 

54 (38.6) 

86 (61.4) 

0.561b 

Weight, median kg (min, max / IQR) 70 (60, 70) 70 (15) 0.656a 

Smoker, n (%) 2 (66.7) 89 (64%) 1.000b 

Co-morbidity, n (%) 

Diabetes 

Hypertension 

Dyslipidemia 

Prior vascular disease 

Ischemic heart disease 

Chronic kidney disease 

 

0 (0) 

2 (66.7) 

0 (0) 

0 (0) 

0 (0) 

0 (0) 

 

65 (46.4) 

68 (48.6) 

26 (18.6) 

5 (3.6) 

26 (18.6) 

10 (7.2) 

 

0.251b 

0.614b 

1.000b 

1.000b 

1.000b 

1.000b 

Heart Failure on admission, n (%) 0 (0) 32 (22.9) 1.000b 

Baseline heart rate, median (min, max / IQR) 76 (52, 76) 86 (25) 0.132a 

Baseline Systolic BP, median (min, max / IQR) 202 (109, 202) 138 (30) 0.260a 

Baseline hematocrit, median (min, max / IQR) 48 (42, 48) 44 (6.8) 0.413a 

Baseline CrCl, median ml/min (min, max / IQR) 61.7 (47.1, 61.7) 82.3 (38.9) 0.069a 

Ejection fraction, median (min, max / IQR) 30 (30, 50) 40 (13) 0.516a 

CRUSADE score, median (min, max / IQR) 23 (23, 33) 25 (15) 0.816a 

Killip Class, n (%) 

Killip 1 

Killip 2 

Killip 3 

Killip 4 

 

2 (66.7) 

0 (0) 

0 (0) 

1 (33.3) 

 

85 (60.7) 

32 (22.9) 

5 (3.6) 

18 (12.9) 

NA 

Anticoagulant use in ward, n (%) 

Enoxaparin 

Fondaparinux 

Not on any 

 

0 (0) 

1 (33.3) 

2 (66.7) 

 

15 (10.7) 

124 (88.6) 

1 (0.7) 

NA 

a Mann-Whitney test, b Fischer exact test 
Abbreviation: BP = Blood pressure; CrCl = Creatinine clearance (calculated using Cockcroft-Gault formula); IQR = 

Interquartile range 

 

There were only three cases (2.1%) of major bleeding events observed in this study, while 31 

patients (21.7%) had minor bleeding. Most of the bleeding cases occurred within 24-hour post streptokinase 

administration (20.3%), including all three cases of major bleeding. The types of bleeding identified were 

summarised in Table 5.  

 

Table 5: Bleeding events observed in this study 

Variables 
Finding 
(n=143) 

No bleeding, n (%) 109 (76.2) 

Major Bleeding, n (%) 
Intracranial bleeding 
Hematoma 

3 (2.1) 
2 (1.4) 
1 (0.7) 

Minor Bleeding, n (%) 
Gum bleeding 
Spontaneous hematuria 
Spontaneous hematemesis 
Others 

31 (21.7) 
15 (10.5) 
6 (4.2) 
3 (2.1) 
7 (4.9) 

Bleeding onset, n (%) 
Within 24 hours 
>24hours 

 
29 (20.3) 
5 (3.5) 
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The clinical outcomes that were observed in this study were presented in Table 6. Mortality was 

found to be associated with major bleeding events in AMI patients receiving Streptokinase (p=0.013). Out 

of three patients with major bleeding, two patients (66.7%) were dead. Patients in the major bleeding group 

had a significantly longer duration of hospital stay as compared to non-major bleeding group (p=0.003). The 

median of hospital stay for major bleed group was 16 days, while non-major bleed group was only 5 days. 

 

Table 6: Association of Clinical Outcomes During Hospital Stay with Major Bleed 

 
Major Bleeding 

(n=3) 
Non-Major Bleeding 

(n=140) 
p-value 

Death, n (%) 2 (66.7) 8 (5.7) 0.013b 

In-hospital heart failure, n (%) 0 (0) 3 (2.1) 1.000b 

Cardiogenic shock, n (%) 1 (33.3) 17 (12.1) 0.334b 

Length of hospital stay, median (min, max / IQR) 16 (10, 16) 5 (1) 0.003a 

a Mann-Whitney test, b Fischer exact test 
Abbreviation: IQR = Interquartile range 

 

According to ROC curve in Figure 2, we were not able to determine a significant prognostic value 

of CRUSADE risk score in predicting major bleeding among AMI patients who receive Streptokinase (area 

under the ROC curve = 0.539; 95% CI 0.353-0.726; p = 0.816). 

 

 
C=0.539; 95% CI 0.353-0.726; p=0.816 

Abbreviation: ROC = Receiver operating characteristics; CI = Confidence interval 

 

Figure 2: ROC curve for CRUSADE score with major bleeding events  

 

Discussion 

In this study, 2.1% of included patients experienced major bleeding. According to Al-Daydamony and Farag 

(4), the frequency of major bleeding ranged from 2% to 9% across the spectrum of acute coronary syndrome 

(ACS), based on the type of treatment employed, antithrombotic dosage and the invasive procedures 

commenced. Another study among the Netherlands population reported an incidence rate of 1% for 

intracranial bleeding (ICB) associated with thrombolytic therapy (15). Meanwhile, in the ISIS-2 study and 

ISG study, the incidences of major bleeding post Streptokinase were 0.5% and 0.9%, respectively (16). 

We found that most of the bleeding events occurred within 24 hours (20.3%) after Streptokinase 

administration. This was comparable with a study done by McLeod et al. (17), where 15.9% of patients 

experienced bleeding events within 24-hour period after initiation of Streptokinase. This included those with 
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ICB. The first manifestation of acute bleeding observed after thrombolytic treatment was found to be ranging 

from three to 36 hours, with a median of 16 hours (15). 

Even though there was no significant difference in the CRUSADE risk scores between patients with 

and without major bleeding, we found the association between major bleeding with in-hospital mortality. 

According to Fitchett (18), the incidence of ICB-associated thrombolysis was 0.64% to 0.94%, with an 

associated in-hospital mortality of almost 60% and the one-year mortality increased by five-folds. Those 

with major bleeding also have five times higher rates of 30-day mortality than those without major bleeding. 

In the GRACE registry, STEMI patients who developed major bleeding had the highest mortality rate as 

opposed to non-STEMI patients (22.8% vs 7%) (19). 

Our study also demonstrated significantly longer hospital stay in major bleed group than those in 

non-major bleed group (p=0.003). Since major bleeding extended the hospital stay and increased resources 

consumption, it signified a source of excess expenditures (20). Minimising bleeding complications is 

therefore an important objective in MI management, which may favorably impact the morbidity and overall 

healthcare costs (18, 20). 

Although several published studies demonstrated successful use of CRUSADE bleeding risk score 

in predicting major bleeding in various populations with ACS, our results showed the contrary. Al-

Daydamony and his colleagues had studied the prognostic value of CRUSADE risk score in 240 patients 

with ACS, who were admitted to tertiary hospital in Egypt (4). They found that the validity of the CRUSADE 

risk model in predicting major bleeding was satisfactory across the ACS spectrum. The CRUSADE score ≥ 

38.5 in prediction of major bleeding among STEMI patients treated with Streptokinase had the sensitivity of 

70% and specificity of 85% (C=0.79) (4). CRUSADE risk score has also been evaluated in the Southeast 

Asia population. Jinatongthai had studied the use of CRUSADE risk score in Thai patients with ACS 

receiving enoxaparin  (13). Their findings showed a satisfactory discriminatory capacity for the entire study 

population (C=0.688), unstable angina (C=0.591), NSTEMI (C=0.693) and STEMI (C=0.736). They 

concluded that CRUSADE score was able to predict major bleeding among Thai patients with ACS treated 

with enoxaparin. 

On the other hand, there were also studies that reported that CRUSADE risk score had a poor 

predictive ability for major bleeding in certain subgroups. In a study among 544 non-ST elevation-acute 

coronary syndrome (NSTE-ACS) patients with age more than 80 year-old, Faustino et al. found that 

CRUSADE risk score had a weak discriminatory capacity for major bleeding (C=0.51) (21). Similar finding 

was reported by Ariza-Sole et al. where CRUSADE risk score had a lower predictive performance among 

ACS patients aged more than 75 year-old (C=0.63) as compared to those younger than 75 year-old (C=0.81) 

(22). CRUSADE risk score performance was also modest in patients who were previously on oral 

anticoagulants (C=0.615) and in those who did not undergo cardiac catheterization (C=0.628) (23). The 

discriminating power of the CRUSADE risk score in ACS patients varies significantly. This could be related 

to a variety of factors that make assessment of bleeding risk difficult, such as age, co-morbidities, treatment 

with antithrombotic agents, conservative or invasive management, and site of vascular access for 

angiography (24). 

Since this was a retrospective study, the findings may not be sufficient to influence the current 

practice. However, the results obtained can be used to provide preliminary information regarding the 

characteristics of patients who received streptokinase and its association with major bleeding. Another 

limitation is that this study was conducted in a single center, hence, the results produced could not be 

generalised to all Malaysian populations with STEMI. The small sample size in the major bleeding group 

may had reduced the statistical power of this study. Also, the huge difference in sample size between the 

major bleeding and non-major bleeding groups could had severely impacted the data analysis, which might 

underestimate the true value of CRUSADE risk score. 

 

Conclusion 

This was the first study to evaluate the CRUSADE risk score in predicting major bleeding events post 

Streptokinase administration among AMI patients in Malaysia. We did not find any significant association 

between patient demographics and baseline clinical characteristics with major bleeding post streptokinase 

administration in AMI patients. Nonetheless, our results showed that major bleeding was associated with 

in-hospital mortality and length of hospital stay. This study could not demonstrate the prognostic value of 
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CRUSADE risk score in predicting major bleeding in AMI patients treated with streptokinase. Studies with 

a larger population is needed in the future to verify our findings. 
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