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Despite therapeutic advances, cardiovascular disease remains 
the leading cause of death worldwide (1,2). The World 

Health Organization expects heart disease to be the number 
one cause of death in developing countries by 2010 (1,2). 
Knowing the poor survival rate in the high-risk patients, giving 
the right treatment becomes imperative. Estimated risk, based 
on clinical characteristics, is challenging and imprecise, yet 
risk assessment is needed to guide triage and key management 
decisions. Therefore, early risk stratification plays an important 
role in the optimal management of non-ST elevation (NSTE) 
acute coronary syndrom (ACS) (3).

Current guidelines from the American College of Cardiology/ 
American Heart Association (ACC/AHA) (3,4) and the 
European Society of Cardiology (ESC) (5) recommend that 
certain pharmacological and interventional strategies are most 
appropriate for higher-risk patients in the NSTE ACS group. 
Despite these recommendations, some contemporary registry 
data suggest that more aggressive therapy is not necessarily 
targeted in higher risk patients. A new study (6) has found that 
cardiac catheterization is not being used optimally in NSTE 
ACS patients, mainly because doctors are not risk-stratifying 
these patients correctly. Patients who underwent catheteriza-
tion had lower in-hospital and one-year mortality rates com-
pared with those who did not (Table 1). The other reason 
postulated by many medical practitioners behind the noncon-
cordance with the guideline is that they did not believe that 
the patients were at high enough risk. However, when these 
patients were further investigated, many turned out to be at 
intermediate to high risk according to their baseline risk score, 
thus representing the group of patients who benefited the most 
from an early invasive treatment strategy. The physicians may 
be focusing on only one or two risk factors (such as ST-segment 

depression or troponin status) when risk stratifying patients, 
while potentially underestimating and/or de-emphasizing other 
important factors (such as increasing age, heart failure and 
poor renal function). To overcome this problem of risk stratifi-
cation, numerous risk scores (7-11) have been developed in the 
past but only few of them have been put in practice. The most 
popular are the Platelet glycoprotein IIb/IIIa in Unstable 
angina: Receptor Suppression Using Integrilin Therapy 
(PURSUIT) (9) and Thrombolysis in Myocardial Infarction 
(TIMI) (10) risk scores, both derived from clinical trial popula-
tions, and the Global Registry of Acute Cardiac Events  
(GRACE) risk score (11), which was developed from an inter-
national registry. 

The present review will focus on the different risk stratifica-
tion methods and risk scores used in NSTE ACS patients for 
initial risk assessment. 

What the guidelines say
The ACC/AHA and the ESC consensus guidelines recognize 
the importance of early risk stratification in the management 
of NSTE ACS and recommend an integrated approach to risk 
assessment (3,5). The ability to assign relative risk to patients 
presenting with NSTE ACS assists the clinician in determin-
ing the appropriate strategy for an individual patient. The 
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OBJeCtiVe: To review the methods available for the risk stratification 
of non-ST elevation (NSTE) acute coronary syndrome (ACS) patients 
and to evaluate the use of risk scores for their initial risk assessment. 
data sOuRCes: The data of the present review were identified by 
searching PUBMED and other databases (1996 to 2008) using the key 
terms “risk stratification”, “risk scores”, “NSTEMI”, “UA” and “acute coro-
nary syndrome”.
study seleCtiOn: Mainly original articles, guidelines and critical 
reviews written by major pioneer researchers in this field were selected.
Result: After evaluation of several risk predictors and risk scores, it was 
found that estimating risk based on clinical characteristics is challenging 
and imprecise. Risk predictors, whether used alone or in simple binary 

combination, lacked sufficient precision because they have high specificity 
but low sensitivity. Risk scores are more accurate at stratifying NSTE ACS 
patients into low-, intermediate- or high-risk groups. The Global Registry 
of Acute Cardiac Events risk score was found to have superior predictive 
accuracy compared with other risk scores in ACS population. Treatments 
based according to specific clinical and risk grouping show that certain 
benefits may be predominantly or exclusively restricted to higher risk 
patients. 
COnClusiOn: Based on the trials in the literature, the Global Registry 
of Acute Cardiac Events risk score is more advantageous and easier to use 
than other risk scores. It can categorize a patient’s risk of death and/or 
ischemic events, which can help tailor therapy to match the intensity of 
the patient’s NSTE ACS.

Key Words: Acute coronary syndrome; NSTEMI; Risk scores; Risk 
stratification; Unstable angina

Table 1
Mortality rates according to whether the patient had been 
referred for catheterization
Mortality Referred Not referred P
In-hospital, % 0.8 3.7 <0.001
One year, % 4.0 10.9 <0.001
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information required for this assessment is derived from the 
patient’s history and physical examination, electrocardiogram 
(ECG) results and levels of serum biomarkers (troponins). 
Accordingly, both ACC/AHA and ESC guidelines contain a 
list of high-risk clinical features to facilitate categorization of 
patients into low-, intermediate- and high-risk groups for the 
development of subsequent cardiovascular events (recurrent 
ischemia, myocardioal infarction [MI] and death) (3-5). The 
ACC/AHA Guidelines for unstable angina (UA) or non-ST 
elevation myocardial infarction (NSTEMI) state that patients 
who are at intermediate or high risk for adverse outcomes 
should be admitted to a critical care environment with ready 
access to invasive cardiovascular diagnosis and therapy if 
needed (3,4). Class I recommendations for an early invasive 
strategy include patients with the following: recurrent angina 
at rest or low-level activity despite therapy, elevated troponins, 
new ST-segment changes, recurrent angina with symptoms of 
congestive heart failure, high-risk findings on noninvasive 
stress testing, hemodynamic instability, sustained ventricular 
tachycardia, percutaneous coronary intervention (PCI) within 
the previous six months, or previous coronary artery bypass 
surgery. The GRACE risk score or the PURSUIT risk model 
can be useful to assist in decision-making with regard to treat-
ment options in patients with suspected ACS (level of evi-
dence: B) (3,5).

sex differences and role of risk scores
When men and women are directly compared, women are more 
likely to have a worse outcome following PCI. Very few women 
younger than 50 years of age need to undergo PCI because of the 
low rates of heart disease and heart attack in women of this age. 
However, when younger women have these procedures, they are 
more than twice as likely to die in the hospital than younger 
men (12-14). It may be that younger women who lose their nat-
ural protection against heart disease are at especially high risk 
compared with older women who develop heart disease after 
menopause. Women have smaller blood vessels than men even 
when compared with men of a similar size (15). PCI is trickier to 
perform in smaller blood vessels, and there is an increased risk of 
tearing the artery. In addition, smaller patients are more prone to 
bleeding problems during PCI. The other reasons for higher 
mortality in the different trials were because women were older, 
had more comorbidities and presented with ST-elevation myo-
cardial infarction (STEMI) less often than men. When these 
factors are considered, some studies find that women are no more 
likely to die in the hospital than men, whereas others continue 
to find a small sex difference (16-19).

PCI offers greater angina relief and improvement in exercise 
tolerance than medicine alone, but has a greater risk of procedure-
related complications in women. The guidelines (3,5) recom-
mend the use of risk scores to properly risk stratify this group of 
patients and the use of an initial conservative (noninvasive) 
strategy as a possible treatment option in stabilized UA/
NSTEMI patients and low-risk patients.

Risk assessment
eCg: The 12-lead ECG is central to the diagnostic and triage 
pathway for ACS and provides important prognostic informa-
tion (20). Transient ST-segment changes (0.05 mV or greater 
[ie, 0.5 mm]) that develop during a symptomatic episode at rest 

strongly suggest acute ischemia due to severe coronary artery 
disease (CAD). Patients who present with ST-segment depres-
sion can have either UA or NSTEMI, the distinction being 
based on the later detection of biomarkers of myocardial necro-
sis. Inverted T waves, especially if marked (2 mm or greater 
[0.2 mV]), also can indicate UA/NSTEMI (21). Q waves sug-
gesting prior MI indicate a high likelihood of CAD. However, 
a normal ECG does not completely exclude ACS: 1% to 6% of 
such patients prove to have had an NSTEMI, and at least 4% 
will be found to have UA (22). ST elevation has high specifi-
city but low sensitivity for infarction, and three-quarters of 
those with acute coronary symptoms do not have ST elevation 
on presentation (23). Risk stratification cannot therefore rely 
simply on the presence of ST-segment deviation, and more 
accurate risk prediction tools are required. 
Clinical symptoms: Recognition of symptoms of UA/NSTEMI 
must occur before evaluation and treatment can be pursued. 
Many people are unaware that symptoms besides chest discom-
fort, such as shortness of breath (24), diaphoresis (25) or extreme 
fatigue, can represent anginal equivalents (26,27). The average 
UA/NSTEMI patient does not seek medical care for approxi-
mately 2 h after symptom onset (27). A clinical diagnosis of 
‘suspected ACS’ has low diagnostic accuracy when based only on 
the clinical symptoms (28,29). Conversely, pains of atypical distri-
bution may herald acute infarction, and up to one-third of those 
who evolve MI do not have typical chest pains (30). Fewer than 
one-half of the patients who are admitted with chest pain have a 
final diagnosis of ACS (31,32). Up to 6% of those discharged from 
the emergency department have a ‘missed’ MI (33).
troponin assay: The introduction of troponin assays has helped 
significantly in identifying patients with MI (34,35). Favourable 
features of biomarkers of necrosis are high concentrations in the 
myocardium and absence in nonmyocardial tissue, release into 
the blood within a convenient diagnostic time window and in 
proportion to the extent of myocardial injury, and quantification 
with reproducible, inexpensive, rapid and easily applied assays 
(36). The cardiac troponins, which possess many of these fea-
tures, have gained wide acceptance as the biomarkers of choice. 
However, the negative predictive value of troponins on arrival 
is poor, because of the time required for efflux of this marker 
from cardiomyocytes (37). Serum troponin has consistently 
emerged as a potent stratifier of risk, with elevations of this 
biomarker associated with adverse outcomes (32). However, 
not all troponin-positive patients are at the same level of risk, 
and a significant gradient of increased risk of mortality with 
increasing troponin level has been observed (33). 

Although patients with ACS share key pathophysiological 
mechanisms, they present with diverse clinical, electrocardio-
graphic and enzyme characteristics and experience a wide range 
of serious cardiovascular outcomes (3,38). Estimated risk based 
on clinical characteristics is challenging and imprecise, yet risk 
assessment is needed to guide triage and key management deci-
sions. Regulatory authorities such as the National Institute for 
Health and Clinical Excellence and guideline groups (ACC/
AHA and ESC) recommend treatments according to specific 
clinical and risk grouping, and trials show that certain benefits 
may be predominantly or exclusively restricted to higher risk 
patients (3,5,39). Binary methods of stratifying risk (for example, 
normal or raised troponin concentration or abnormal or normal 
findings on ECG) lack sufficient precision (6,7,9).
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Risk scores
tiMi: The TIMI risk score (10) was derived in a test cohort of 
patients with NSTE ACS by selection of independent prognos-
tic variables using multivariate logistic regression, assignment 
of value of 1 when a factor was present and 0 when it was 
absent, and summing the number of factors present to categor-
ize patients into risk strata. Outcomes were TIMI risk score for 
developing at least one component of the primary end point 
(all-cause mortality, new or recurrent MI, or severe recurrent 
ischemia requiring urgent revascularization) through 14 days 
after randomization. The seven TIMI risk score predictor vari-
ables were age 65 years or older, at least three risk factors for 
CAD, prior coronary stenosis of 50% or more, ST-segment 
deviation on ECG at presentation, at least two anginal events 
in the previous 24 h, use of acetylsalicylic acid in the previous 
seven days and elevated serum cardiac markers (Table 2). Event 
rates increased significantly as the TIMI risk score increased in 
the test cohort in TIMI 11B: 4.7% for a score of 0/1; 8.3% for 2; 
13.2% for 3; 19.9% for 4; 26.2% for 5; and 40.9% for 6/7 
(P<0.001 by 2 for trend). The TIMI risk score has also been 
externally validated (40-42). 
PuRsuit: The PURSUIT risk score (9) predicts 30-day risk 
and incorporates information from early vital signs. The score 
ranges from 0 to 25, and is comprised of age, sex, worst 
Canadian Cardiovascular Society angina class in the previous 
six weeks, heart rate, systolic blood pressure, signs of heart fail-
ure and ST depression. The combination of death and (re)
infarction yielded similar predictors, with the exception that 
male sex was a more important predictor of the composite end 
point, but older age remained the most important predictor. 
The investigators proposed a scoring system to estimate 30-day 
risk of death, or death or infarction, with the point assignment 
higher in patients with NSTEMI than in those with UA for 
age and heart rate. This risk stratification method was independ-
ently validated in a cohort of consecutive patients with UA 
who presented to a community hospital (43).
gRaCe: GRACE is a large multinational registry encompass-
ing the full spectrum of acute coronary disease (44,45). Launched 
in 1999, the GRACE study collected information from patients 
admitted with an ACS to 94 hospitals in 14 countries in North 
and South America, Europe, the United Kingdom, and 
Australia and New Zealand. The data were collected between 
1999 and 2002 and the population comprised 68,937 patients 
with a diagnosis of ACS. A prognostic model that predicts the 
risk of death and MI has been established (c index 0.84 for 
death) (44,46). The GRACE model for calculating the risk for 
all-cause mortality or new MI across the spectrum of ACS was 
developed and validated in cohorts from the GRACE registry. 
The GRACE ACS risk model has also been published as an 
online risk calculator and in downloadable versions for hand-
held devices (http://www.outcomes-umassmed.org/Grace/acs_
risk.cfm). The components of the GRACE risk score (range 2 
to 372) are age, heart rate, systolic blood pressure, Killip class, 
cardiac arrest, serum creatinine, ST-segment deviation and 
cardiac biomarker status. 

The prognostic importance of an elevated initial serum 
creatinine on admission with an ACS is noteworthy. In the 
GRACE registry (47) and randomized studies (48-50), renal 
impairment was more common in older, female patients, and 
more likely to occur with other comorbidities including 

hypertension, diabetes mellitus and cardiac failure. More 
importantly, renal impairment has been shown to independ-
ently predict higher in-hospital (47) and short-term (90 days 
[48] and 180 days [49]) mortality after an ACS, regardless of 
the ACS subset. Of note, in patients with documented left 
ventricular impairment post-MI, even mild renal dysfunction 
(creatinine clearance less than 75 mL/min/1.73 m2) can be a 
strong, independent predictor of mortality and cardiovascular 
complications. This risk increases proportionally with the 
decline in renal function (50). The GRACE algorithm does 
not only include renal impairment, but also takes it as a con-
tinuous variable like age, heart rate or blood pressure, allowing 
more refined prognostic prediction (Table 3). 

disCussiOn
Despite the proven utility of risk scores in prognostication and 
guidance of treatment strategies (6-11,40,42,51-55), it is not 
known how often they are actually used in routine practice. 
Physicians may be reluctant to use risk scores at the bedside 
because they find it inconvenient and time-consuming. Others 
believe that they can readily discern and integrate high-risk 
features into overall risk estimation without the aid of risk 
scores. Although there are numerous established prognostic 
markers, they usually coexist and their importance hinges on 
the inter-relationship of many factors. Because patients often 
present with complex risk profiles, assimilation of all the rel-
evant information from history, physical examination and lab-
oratory investigations is a highly complicated process and a 
daunting task for a busy clinician (3,56). The risk of future 
events in this population depends in part on the factors that 
contribute to acute ischemic risk, and in part on the underlying 
risk of the patient (including the impact of age, heart failure 
and renal dysfunction) (5,46). Thus, the most useful risk score 
will not only provide information on the future risks of death, 
but also the risks of MI (related to ischemic risk). The latter 
may be potentially amenable to antithrombotic and revascular-
ization strategies during the index hospitalization, whereas the 
former may be ameliorated by secondary prevention measures.

On the basis of evidence from randomised trials of inter-
ventional versus conservative strategies in NSTE ACS 
(6,39,55,57,58), ACC/AHA and ESC guidelines advocate 
revascularization for moderate- or higher-risk patients, but not 
for low-risk patients, particularly in the female patients (3-5). 
Similarly, in studies of STEMI, subgroup analysis shows that 
the absolute benefits of revascularisation are highest among 

Table 2
Predictors of the Thrombolysis in Myocardial Infarction 
(TIMI) risk score for unstable angina and non-ST elevation 
myocardial infarction
1. Age ≥65 years
2. Three or more coronary artery disease risk factors (eg, high cholesterol, 

family history, hypertension, diabetes mellitus, smoking)
3. Prior coronary artery disease
4. Acetylsalicylic acid in the past seven days
5. At least two angina-related events in the previous 24 h
6. ST-segment deviation
7. Elevated cardiac biomarkers (creatine kinase-MB or troponin)
Each variable is assigned a value of 1 or 0 depending on whether they are 
present or absent, respectively. Range 0 to 7
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patients with more extensive infarction (59). Clinical practice 
would therefore be expected to reflect this evidence. In con-
trast, the opposite is seen in most studies. An inverse relation-
ship between the rate of PCI (or the rate of angiography) and 
the risk status of the patient, irrespective of whether the patient 
had UA, NSTEMI or STEMI, is observed. In the study by Van 
de Werf et al (38) of patients enrolled in the GRACE database, 
patients admitted to hospitals with catheterization facilities 
were more likely to undergo intervention than were patients 
admitted to sites without such facilities, but they had a higher 
risk of death within six months of discharge. This later risk may 
reflect hazards of intervention among low-risk patients. The 
randomized trial evidence and the guidelines support the use of 
revascularization in moderate- or high-risk patients, irrespective 
of the presence of on-site catheterization facilities.

Several multivariable prognostic models have been developed, 
most of which were derived from clinical trial databases or 
specific subgroups of patients with ACS. Patients with complica-
tions and comorbidity tend to be excluded from such trials, thus 
limiting their applicability. In contrast, the GRACE registry 
spans the spectrum of ACS and is based on an unselected con-
temporary population. Independent studies suggest that the 
unselected GRACE mortality model is superior to either the 
TIMI or the PURSUIT models (40,41,60). A number of reasons 
may account for the differences in discriminatory capacities of 
TIMI, PURSUIT and GRACE risk scores. Although advanced 
age, ST-segment deviation and biomarker status are common 
components of all three risk scores, PURSUIT and GRACE 
incorporate hemodynamic variables also, whereas renal dysfunc-
tion is included in GRACE only. These clinical characteristics, 
which have been shown to be powerful independent prognosti-
cators (61-65), were not evaluated as candidate variables when 
the TIMI risk score was initially developed (10). Exclusion of 
patients with these high-risk features from clinical trials may also 
have diminished the prognostic significance of these variables, 
which were therefore eliminated during model development. 
(Because of the low incidence of signs of heart failure on admis-
sion in the population of the TIMI 11B trial used for the 
development of the TIMI score, this variable was not included in 
the model, unlike in the other two scores. This is an important 
limitation, especially because the occurrence of heart failure is 
much more frequent in the real world than in the selected 
patients from clinical trials, and its prognostic value is well estab-
lished [10].) Furthermore, the TIMI risk score is composed of 
dichotomous variables only, and with a limited range of 0 to 7, 
likely incurred a trade-off between its ease of use and predictive 
accuracy. GRACE and PURSUIT risk scores were better than 
the TIMI risk score (40) in predicting death or MI. However, 
due to the complexity of the PURSUIT risk score, it is less 
favoured among physicians and has not gained much 
popularity.

COnClusiOn
Risk scores are simple prognostication scheme that categor-
ize a patient’s risk of death and ischemic events. Their use 
can help tailor our therapies to match the intensity of the 
patient’s NSTE ACS. Knowing how time plays an important 
role in the management of ACS patients, the faster we can 
identify the high-risk patients the more the benefit can be 
achieved by administering the optimal treatment early. For 
instance, high-risk patients will benefit more from very early 
invasive strategy while low-risk patients can be spared pot-
entially harmful treatment. ACC/AHA guidelines state that 
“estimation of the level of risk is a multivariable problem 
that cannot be accurately quantified with a simple table” (3) 
and the use of a risk score could only benefit, especially in 
women. The ideal score for risk stratification on admission 
for NSTE ACS patients should have a good balance between 
complexity and utility. When the scores include continuous 
variables such as age, heart rate and serum creatinine they 
are more powerful, but also more complex to calculate. 
However, personal digital assistant applications may signifi-
cantly simplify these complex calculations such that, at the 
present time, the complexity of a score is essentially deter-
mined by factors related to data collection, rather than the 

Table 3
Predictors of the Global Registry of acute Cardiac events 
(GRaCe) risk score
Predictor Score
Age, years
   <40 0
   40–49 18
   50–59 36
   60–69 55
   70–79 73
   80 91
Heart rate (beats/min)
   <70 0
   70–89 7
   90–109 13
   110–149 23
   150–199 36
   >200 46
Systolic blood pressure (mmHg)
   <80 63
   80–99 58
   100–119 47
   120–139 37
   140–159 26
   160–199 11
   >200 0
Creatinine (µmol/L)
   0–34 2
   35–70 5
   71–105 8
   106–140 11
   141–176 14
   177–353 23
   ≥354 31
Killip class
   I 0
   II 21
   III 43
   IV 64
Cardiac arrest at admission 43
Elevated cardiac markers 15
ST-segment deviation 30
The GRACE risk score ranges from 2 to 372 
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methodology involved in the calculations. Using the 
GRACE risk score, one could calculate even more precisely 
the risk and the associated mortality rate compared with 
other risk scores. In regard to the above discussed aspects, 
the GRACE risk score is more advantageous and easier to 

use in comparison with other available risk scores. Hence, 
using GRACE risk score in the daily risk assessment of ACS 
patients can only help us. However, it should be emphasized 
that risk scores are clinical tools that can supplement but 
not replace sound clinical judgment.
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