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Can GRACE Risk Score Predict the Coronary Anatomy in
Non-ST Elevation Acute Coronary Syndrome?

GRACE Risk Skoru ST Akut Koroner Sendromda Koroner Anatomiyi Ongorebilir Mi?
Fatma Nihan Turhan Caglar’, ilker Murat Caglar?, Murat Baskurt?

Objective: The Global Registry of Acute Coronary Events (GRACE) risk score;
a commonly used risk scoring system; predicts hospital and 6-month sur-
vival rates of patients with acute coronary syndrome (ACS). The purpose of
this study was to evaluate whether the GRACE risk score could also predict
the extent of diseased coronary vessels in patients with non-ST elevation
acute coronary syndrome.

Methods: We evaluated 95 patient data retrospectively who were hospita-
lized with a diagnosis of non-ST elevation ACS between 2005-2006 at the
Istanbul University Cardiology Institute. All the patients’ GRACE risk scores
were calculated and coronary angiograms were re-analysed. We further di-
vided the patients into three groups according to risk score (Low risk score:
<108, medium risk score: 109-140, high risk score: >141) and evaluated
the association between the GRACE risk score and the number of diseased
coronary arteries.

Results: After GRACE risk score calculation; the number of low risk, me-
dium risk and high risk patients were 38 (%40), 44 (%46.4) and 13 (%13.6)
respectively. Three-vessel disease was insignificantly higher in low and me-
dium risk groups but statistically significant in high risk group. (p<0.01).
Patients with low ejection fraction (<40%) were more numerous in the
high risk group than medium and low risk groups (p<0.05). number of
patients with estimated glomerular filtration rate (eGFR) less than 60 mL/
dk/1.73 m? was higher in medium and high risk groups than the low risk
group (p<0.001).

Conclusion: As the GRACE risk score calculated in emergency room for ACS
patients can predict in-hospital mortality and clinical events, it may also
predict coronary anatomy, low ejection fraction and low eGFR.

Key Words: GRACE risk score, non-ST elevation acute coronary syndrome,
coronary anatomy

Introduction

'Clinic of Cardiology, Istanbul Education and
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Amag: Sik¢a kullanilan risk skorlarindan ‘Global Registry of Acute Coronary
Events (GRACE) risk skorlama sistemi akut koroner sendrom ile basvuran
hastalarda hastane-i¢i ve 6-aylik mortaliteyi ongorebilir. Bu calismanin
amacl ST-elevasyonsuz akut koroner sendromlarda (AKS) GRACE risk sko-
runun koroner arter hastaligi yayginligini da 6ngoriip ongoéremeyeceginin
belirlenmesidir.

Yontemler: istanbul Universitesi Kardiyoloji Enstitiisiinde 2005-2006 yillari
arasinda ST-elevasyonsuz AKS tanisi ile yatirilarak tedavi gormus 95 hastanin
dosyasi retrospektif olarak incelendi. Tim hastalarin GRACE risk skorlari he-
saplandi ve koroner anjiyografileri incelendi. GRACE risk skoruna gore hasta-
lar 3 gruba ayrildi (diisiik <108, orta 109-140, yiiksek >141) ve gruplara gore
damar tutulum sayilari belirlendi.

Bulgular: GRACE risk skoru hesaplamasina gore dusiik, orta, ytiksek risk ru-
bundaki hasta sayilari sirasiyla 38 (%40), 44 (%46,4) ve 13 (%13,6) idi. Tutulan
damar sayisina gore 3-damar hastaligi istatistiksel olarak anlamsiz olsada
diisiik ve orta risk grubunda yiiksek saptanirken yiiksek risk grubunda is-
tatistiksel olarak belirgin sekilde daha yiiksekti (p<0,01). Dusuk ejeksiyon
fraksiyonu (<%40) yiiksek risk grubunda orta ve risk grubuna gore daha
fazla saptandi (p<0,05). Tahmini glomeruler filtrasyon hizi (eGFR) 60 mL/
dk/1,73m?dan diisiik olan hasta sayisi orta ve yiiksek risk grubunda dusiik
risk grubuna gore daha fazla idi (p<0,001).

Sonug: Acil servise ST-yiikselmesiz AKS ontanisi ile basvuran hastalarda mor-
talite ve klinik olaylari ongorebilen GRACE risk skoru ayni zamanda koroner
anatomiyi, diistik ejeksiyon fraksiyonunu ve eGFR'1da 6ngorebilir.

Anahtar Kelimeler: GRACE risk skor, ST-yiikselmesiz akut koroner sendrom,
koroner anatomi
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Non-ST elevation acute coronary syndrome (ACS) is divided into unstable angina pectoris (USAP)
and non-ST elevation myocardial infarction (NSTMI). As ACS patients are heterogenous, death and
cardiac event development is also a very broad spectrum, so determining the status of cardiac
event risk in these patients with a quick and reliable method is of great importance (1, 2). Many
investigators have developed risk scoring systems that could predict the outcome of patients de-
livered to hospitals with ACS diagnosis (3-6). The GRACE (global registry of acute coronary events)
risk scoring system's ability to predict in-hospital, 6-month and even longer term mortality and
cardiac events in ACS patients has been shown by many studies (5, 6). We investigated the possibil-
ity of the GRACE risk score to predict the number of diseased coronary vessel when it is applied at
first contact in emergency room.

Methods

We evaluated retrospectively consecutive 178 patient files hospitalised in the Istanbul University
Cardiology Institute, Cardiology department during 2005-2006 with a diagnosis of unstable angina
pectoris and non-ST elevation myocardial infarction. Patients were grouped as USAP/NSTMI accord-
ing to their presenting chest pain, electrocardiogram (ECG) properties and cardiac marker levels.
Patients younger than 21 years-old, ST-elevation MI, non-cardiac chest pain, survivors of sudden car-
diac death, incessant malignant arrhythmias, severe chronic obstructive airway disease, severe liver



failure, severe renal failure, malignity, chronic inflamatory disease,
previous cerebrovascular disease and active infection were excluded
from the study. 95 appropriate patients, who did not have exclu-
sion criteria, enrolled in the study. Each patient’s individual GRACE
risk score at admission was calculated from the patient files retro-
spectively using the published risk score calculator from the GRACE
registry (7). Full details of the design and methods of the GRACE risk
score have been previously published (8). This score is calculated
from eight individual variables:- the age of the patient, admission
systolic blood pressure, heart rate, Killip score, baseline creatinine
level, cardiac arrest on admission, ST segment deviation on initial
ECG and elevation of cardiac biomarkers. From these variables, esti-
mated risk of death or myocardial infarction can be calculated using
the GRACE ACS Risk Model 0,36 (7, 8).

After risk score calculation, patients were divided into 3 groups as;
low (<108 points), medium (109-140 points) and high risk (141-
372 points) (7). Every patient’s estimated glomerular filtration rate
(eGFR) was calculated according to Modification of Diet in Renal
Disease MDRD formula (9). Weobtained the coronary angiography
(CAG) compact discs from the hospital archive and re-examined
every patient’s CAG CD in order to determine the number of ves-
sels with significant stenosis. Coronary arteries with >50% stenosis
were considered as having significant stenosis. Echocardiography
reports were reviewed and left ventricular ejection fractions (EF)
were recorded. Therapeutic strategies and in-hospital major ad-
verse cardiac events (death, myocardial infarction (MI), recurrent
ischemia and stroke) were also recorded. Written infrormed con-
test was obtained from all patients.

Statistical analysis

Calculations were performed using the SPSS (Statistical Package
for Social Sciences) software for Windows 10.0 programme. Kol-
mogorov- Smirnov test was used for suitability of normally distrib-
uted data. One way ANOVA test was used for comparison of para-
metric data suitable for normal distribution between groups and
when a significance was detected; the Tukey test; one of the post
hoc tests; was used. Comparison of qualitative data was done by
gi-square and Fisher Exact Qi-square test. Results were evaluated
with 95% confidence intervals, statistical significance was consid-
ered for p<0.05.

Results
The study group consisted of 95 patients (26 women, 69 men,

mean age: 66.918.1). After GRACE risk score calculation; the num-
ber of low risk, medium risk and high risk patients were 38 (40%),

Table 1. Demographic characteristics according to risk groups
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44 (46.4%) and 13 (13.6%) respectively. Patients with diabetes were
21% (8/38), 43.1% (19/44) and 36.4% (5/13), hyperlipidemia 34.2%
(13/38), 15.9% (7/44) and 23% (3/13) and hypertension 57.8%
(22/38), 72.7% (32/38) and 76.9% (10/13) in low, medium and high
risk groups respectively. Patients with a history of previous Ml were
significantly lower in the low-risk group (5.2%(2/38))mid- and high
risk groups (40.9%(18/44) and 30.7%(4/13)) (p<0.001) (Table 1).
11\38 (28.9%) of low-risk, 11\44 (25%) of medium-risk and 1\13
(7.6%) of high risk patients had 1-vessel disease.10\38 (26.3%) of
low-risk, of medium-risk and 1\13 (7.6%) of high-risk patients had
2-vessel disease). Although 3-vessel disease was insignificantly
higher in the low and medium risk groups (15\38 (39.4%), 15\44
(34%) respectively); it was statistically significantly higher in the
high risk group (10\13 (76.9%)) (p<0.01). ) The left main coronary
artery (LMCA) was detected in 2\38 (5.2%), 3\44 (6.8%) and 1\13
(7.6%) of low-,medium- and high- risk patients respectively. Num-
ber of diseased vessels according to groups are given in Table 2.
In-hospital clinical events, ejection fractions and eGFR values are
given in Table 3. Patients with low EF (<40%) were more numerous
in the high-risk group (5\38 (13.1%) than medium- and low-risk
groups (5\38 (13.1%) and 5\44 (11.3%) respectively)(p<0.05). While
in-hospital recurrent ischemia/MI ratios were not different among
groups (7\38 (18.4%), 15\44 (34%) ad 4\13 (30.7%) in low-, medium-
and high- risk patients respectively), in-hospital death was signifi-
cantly higher in the high-risk group (2\13 (15.3%)) than low- and
medium-risk groups (0/38(0%) and 1\44 (2.3%) (p<0.05). None of
the patients had experienced in-hospital stroke.

Another finding was that the number of patients with eGFR less
than 60 mL/dk/1.73m? was higher in the medium and high risk
groups (11\44 (25%) and 4\13 (30.7%)) than the low risk group (2\38
(5.2%)) (p<0.001) (Table 3). Treatment strategy chosen by the physi-
cian responsible for the patient; shown in Table 4; were not statis-
tically different among groups.

Discussion

The necessity of identifying individual cardiac event/death risk of
ACS patients is accepted worldwide and consequently many risk
scoring systems have been developed by investigators (10, 11). The
most wellknown of these; Thrombosis In Myocardial Infarction
(TIM1), Platelet glycoprotein Ilb/Illa in Unstable Angina: Receptor
Suppression Using Integrilin Therapy (PURSUIT) and Fast Revascu-
larisation in Instability in Coronary (FRISC) disease scoring systems;
separate patients into low-medium-high risk groups according to
qualitative assessment (12-14). However, a scoring system that may
predict the quantitative clinical risk exactly has not yet been de-

Characteristic Low risk (n=38) Medium risk (n=44) High risk (n=13) p value
Age (years) 55.4+8.4 69.618.2 75.617.7 p>0.05
W/M 5\3 15\29 8\5 p>0.05
DM 8\38 (21%) 19\44 (43.1%) 5\13(36.4%) p>0.05
LDL > 100 mg/dL 13\38 (34.2%) 7\44 (15.9%) 3\13 (23%) p>0.05
HT 22\38 (57.8%) 32\44 (72.7%) 10\13 (76.9%) p>0.05
Previous M 2\38 (5.2%) 18\44 (40.9%) 413 (30.7%) p<0.001

*W/M: women/men, DM: diabetes mellitus, LDL: low density lipoprotein, HT: hypertension, MI: myocardial infarction
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Table 2. Diseased vessels according to risk groups

Number of diseased vessels Low risk (n=38) Medium risk (n=44) High risk(n=13) p value
1 vessel disease 11\38 (28.9%) 11\44 (25%) 1\13 (7.6%) p>0.05
2 vessel disease 10\38 (26.3%) 11\44 (25%) 1\13 (7.6%) p>0.05
3 vessel disease 15\38 (39.4%) 15\44 (34%) 10\13 (76.9%) p<0.01
LMCA disease 2\38 (5.2%) 3\44 (6.8%) 113 (7.6%) p>0.05
*LMCA: left main coronary artery

Table 3. In-hospital other findings

Finding Low risk (n=38) Medium risk(n=44) High risk(n=13) p value
EF < 40% 5\38 (13.1%) 5\44 (11.3%) 6\13 (46.1%) p<0.05
In-hospital recurrent ischemia 7\38 (18.4%) 15\44 (34%) 4\13 (30.7%) p>0.05
In-hospital death 0\38 (0%) 1\44 (2.3%) 2\13 (15.3%) p<0.05
In-hospital stroke 0 0 0 NA
eGFR <60 ml/dk/1.73m? 2\38 (5.2%) 11\44 (25%) 413 (30.7%) p<0.0071
*EF: ejection fraction, NA: not applicable, eGFR: estimated glomerular filtration rate

Table 4. Therapy strategy according to risk groups

Therapy strategy Low risk (n=38) Medium risk (n=44) High risk (n=13) p value
Medical 12\38 (31.5%) 10\44 (22.7%) 6\13 (46.2%) p>0.05
PCl 20\38 (52.6%) 16\44 (36.3%) 3\13 (23%) p>0.05
CABG 6\38 (15.7%) 18\44 (40.9%) 4\13 (30.8%) p>0.05

*PCl: percutaneous coronary intervention, CABG: coronary artery by-pass graft operation

veloped. TIMI risk score was developed for use at hospital referral
immediately and simply to quantitate the clinical risk and to deter-
mine response to treatment (1). Age, at least 3 risk factors for coro-
nary artery disease, known coronary artery disease (>50% stenosis),
aspirin usage in last 7 days, angina in last 24 hours, high cardiac
markers and ST deviation >0.5 mm are the parameters used to cal-
culate risk in the TIMI scoring system (11, 14). PURSUIT risk score’s
purpose was to determine 30-day mortality and nonfatal recurrent
MI risk. Age, sex, systolic blood pressure, heart failure symptoms,
heart rate, presence of ST depression, worsening of Canada Car-
diovascular Society class in the previous 6 weeks are parameters
looked for in the PURSUIT risk score calculation (12). Investigators of
a study comparing PURSUIT and GRACE risk scoring systems found
that both models ability to predict in-hospital mortality is similar
however, GRACE is a better method to predict clinical risk for whole
ACS subgroups (15). On the other hand, the FRISC risk scoring sys-
tem is more focused on treatment options. It includes parameters
that are clinically important and easy to obtain for early invasive
strategy. These parameters are; age, sex, presence of diabetes mel-
litus, history of MI, ST depression on admission, elevated cardiac
markers and elevated IL6 and CRP levels (2).

Besides mortality and morbidity rates; patients need for referral to
tertiary centers, duration of hospital stay and choice of treatment
(medical/invasive) may also be determined by risk stratification. A
good scoring system should predict short and long term survival,

while still containing parameters that can be easily applied at hos-
pital admission (5).

Treatment strategies may also vary according to the risk score. Pre-
viously published studies have shown that earlier intervention and
more aggressive medical treatment reduces morbidity and mortal-
ity rates significantly in patients with high risk scores (5, 14, 16).

The GRACE risk scoring system was performed in 14 countries, 94
hospitals and 22.645 ACS patients. It was designed as a multifacto-
rial model in order to predict in-hospital and 6-month mortality
and adverse cardiac events and to determine revascularization
strategies according to the patient’s risk status (5, 12). The eight
independent parameters used in the GRACE scoring system are;
age, Killip class at hospital admission, systolic blood pressure,
heart rate, ST deviation on ECG, high initial cardiac markers, high
creatinine level and cardiac arrest at hospital admission (5, 12). All
these parameters are scored and the sum is then classified into
low, medium and high risk subgroups (4, 5). Results of direct com-
parison studies between GRACE and other scoring systems estab-
lishes GRACE as the recommended risk scoring system at hospital
admission and discharge (3, 5, 9). GRACE is separated from other
risk scoring systems mainly in three ways: First of all, it may be
applied for the whole ACS groups. Secondly, while other scoring
systems data were usually imported from large clinical trials, re-
flecting specific ACS patient subgroups and not including high-risk
patients or patients with comorbidities; GRACE reflects the general



population because the acquisition of data was from unselected,
unbiased patients, not from a certain group of patients (5, 12, 18).
And the third distinction is that the GRACE risk score includes dif-
ferent parameters which provides more predictive information
about outcome (4). The most important parameter GRACE includ-
ed is the creatinine level. Although renal impairment is one of the
independent predictors of morbidity and mortality in ACS patients,
other risk scoring systems not only excluded patients with renal
failure from the studies, they also did not score the creatinine lev-
els. Similarly, heart failure; a parameter known to be an important
indicator of morbidity and mortality in this group of patients; was
not included in the TIMI scoring system (4, 5, 12).

A risk model that may anticipate coronary anatomy has not been
developed to date. Only the FRISC scoring system submitted some
data about coronary anatomy. The investigators showed a relation-
ship between 3 vessel and LMCA disease and a high FRISC score (2).

Our study showed that the GRACE risk score calculated at hospital
admission may also predict coronary anatomy besides mortality
and adverse cardiac events. non-ST elevation ACS patients with high
GRACE risk score may point out 3-vessel disease.In addition, the
GRACE score was found to be higher in patients with low EF. We also
observed that frequency of hypertension, diabetes and hyperlipid-
emia were not statistically different among risk groups, showing that
these classical coronary artery disease risk factors are singly insuf-
ficient to determine either the risk status or the coronary anatomy.

As mentioned earlier by other studies, renal failure (especially in
the geriatric patient group) is one of the most important prog-
nostic indicators (4). As sex, weight, diet, muscle mass and some
other situations may affect creatinine levels; glomerular filtration
rate (GFR) measurement is more objective and reliable than creati-
nine levels to determine renal functions and is the recommended
method at the present time (19, 20). GRACE investigators included
creatinine level measurements and defined it as an independent
factor with prognostic value (4). We also searched for a relationship
between risk groups and eGFR measurements in subgroup analysis
and found that the medium and high GRACE risk groups had more
patients with eGFR<60 mL/dk/1.73m? than the low-risk group.
We believe these findings may help physicians in deciding on the
treatment strategy and the medications to give to each patient. For
example; in patients with high GRACE risk score, if medical therapy
is planned, physicians may not choose nephrotoxic drugs or, if in-
vasive therapy is planned, physician would be aware of contrast
induced nephropathy because he/she would know that high-risk
patients may have impaired renal functions.

Treatment methods were not significantly different among risk
groups in our study. This may be because the number of patients
included in the study was small. On the other hand, previously
published reports have shown that the aggressive treatment which
should be performed as current guidelines recommend is ad-
ministered less often in the high-risk NST-ACS patient group than
medium and low risk groups (12, 20). Similarly, we observed that,
although statistically not significant; medical strategy was more
often the treatment of choice for the high risk group.

Study limitations

The major limitation of this study is the small sample size. One
of the reasons for this is disorganized and insufficient archiving
system. We observed that many parameters that should have been
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evaluated during hospital admission were not recorded in patient
files and that was the main reason of excluding patients from
the study. Nevertheless, we were able to reach several significant
conclusions. A group of patients with premature deaths and com-
plications may have been omitted since our study was based on
retrospective diagnosis. Because this was a single-centered study,
our study reflects the results of a particular region and the choice
of treatment strategies are only based on a single-center. Another
limitation is the lack of long-term follow-up of patients.

Conclusion

As the calculated GRACE risk score in the emergency room for ACS
patients can predict in-hospital mortality and clinical events; it
may also predict coronary anatomy, low ejection fraction and low
eGFR. And so the GRACE scoring system may guide physicians when
planning treatment strategies.
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