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BACKGROUND: Current guidelines support an early invasive strategy 
in the management of high-risk non-ST elevation acute coronary syn-
dromes (NSTE-ACS). Although studies in the 1990s suggested that high-
risk patients received less aggressive treatment, there are limited data on 
the contemporary management patterns of NSTE-ACS in Canada. 
OBJECTIVE: To examine the in-hospital use of coronary angiography 
and revascularization in relation to risk among less selected patients with 
NSTE-ACS.
METHODS: Data from the prospective, multicentre Global Registry of 
Acute Coronary Events (main GRACE and expanded GRACE2) were 
used. Between June 1999 and September 2007, 7131 patients from across 
Canada with a final diagnosis of NSTE-ACS were included the study. The 
study population was stratified into low-, intermediate- and high-risk 
groups, based on their calculated GRACE risk score (a validated predictor 
of in-hospital mortality) and according to time of enrollment.
RESULTS: While rates of in-hospital death and reinfarction were signifi-
cantly (P<0.001) greater in higher-risk patients, the in-hospital use of 
cardiac catheterization in low- (64.7%), intermediate- (60.3%) and high-
risk (42.3%) patients showed an inverse relationship (P<0.001). This 
trend persisted despite the increase in the overall rates of cardiac catheter-
ization over time (47.9% in 1999 to 2003 versus 51.6% in 2004 to 2005 
versus 63.8% in 2006 to 2007; P<0.001). After adjusting for confounders, 
intermediate-risk (adjusted OR 0.80 [95% CI 0.70 to 0.92], P=0.002) and 
high-risk (adjusted OR 0.38 [95% CI 0.29 to 0.48], P<0.001) patients 
remained less likely to undergo in-hospital cardiac catheterization. 
CONCLUSION: Despite the temporal increase in the use of invasive 
cardiac procedures, they remain paradoxically targeted toward low-risk 
patients with NSTE-ACS in contemporary practice. This treatment-risk 
paradox needs to be further addressed to maximize the benefits of invasive 
therapies in Canada. 

Key Words: Acute coronary syndromes; Cardiac catheterization; Guidelines; 
Risk stratification

Les tendances temporelles dans l’utilisation des 
interventions cardiaques effractives pour les 
syndromes coronariens aigus sans élévation du 
segment ST d’après la stratification du risque initial

HISTORIQUE : Les lignes directrices actuelles appuient une stratégie 
effractive précoce dans la prise en charge des syndromes coronariens aigus 
sans élévation du segment ST (SCA-SÉST) à haut risque. Même si, dans 
les années 1990, des études ont laissé supposer que les patients à haut risque 
recevaient un traitement moins énergique, les données sur la prise en 
charge courante des profils de SCA-SÉST demeurent limitées au Canada.
OBJECTIF : Examiner l’utilisation de la coronarographie et de la 
revascularisation en milieu hospitalier par rapport au risque chez des 
patients moins sélectionnés ayant une SCA-SÉST.
MÉTHODOLOGIE : Les auteurs ont utilisé les données de l’étude 
prospective multicentrique sur le registre mondial des événements 
coronariens aigus (étude GRACE principale et GRACE élargie2). Entre 
juin 1999 et septembre 2007, 7 131 patients de partout au Canada ayant 
un diagnostic définitif de SCA-SÉST ont participé à l’étude. Cette 
population était stratifiée en groupes à faible risque, à risque moyen et à 
haut risque, d’après l’indice de risque calculé pour l’étude GRACE (un 
prédicteur validé de la mortalité en milieu hospitalier) et le moment de 
leur inscription à l’étude.
RÉSULTATS : Les taux de décès et de nouvel infarctus en milieu 
hospitalier étaient considérablement plus élevés (P<0,001) chez les 
patients à plus haut risque, mais l’utilisation du cathétérisme cardiaque en 
milieu hospitalier était inversement proportionnelle (P<0,001) chez les 
patients à faible risque (64,7 %), à risque moyen (60,3 %) et à haut risque 
(42,3 %). Cette tendance a persisté malgré l’augmentation des taux 
globaux de cathétérisme cardiaque au fil du temps (47,9 % de 1999 à 2003, 
par rapport à 51,6 % en 2004 et 2005 et à 63,8 % en 2006 et 2007; 
P<0,001). Après rajustement compte tenu des variables confusionnelles, 
les patients à risque moyen (RRR 0,80 [95 % IC 0,70 à 0,92], P=0,002) et 
à haut risque (RRR 0,38 [95 % IC 0,29 à 0,48], P<0,001) demeuraient 
moins susceptibles de subir un cathétérisme cardiaque en milieu 
hospitalier.
CONCLUSION : Malgré l’augmentation temporelle de l’utilisation des 
interventions cardiaques effractives, dans la pratique actuelle, ces 
interventions demeurent paradoxalement ciblées vers les patients à faible 
risque ayant un SCA-SÉST. Il faut étudier davantage ce paradoxe entre le 
traitement et le risque pour maximiser les bienfaits des thérapies effractives 
au Canada.
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In 2002, and again in 2007, the American College of Cardiology/
American Heart Association (1,2) published evidence-based prac-

tice guidelines supporting the use of an early invasive strategy in the 
management of high-risk non-ST elevation acute coronary syndromes 
(NSTE-ACS). However, observational studies have suggested that 
high-risk NSTE-ACS patients receive less aggressive treatment than 
their low-risk counterparts (3,4). This discrepancy, termed the 
‘treatment- risk paradox’, was evident in the invasive management of 
NSTE-ACS in Canadian acute coronary syndrome (ACS) registries I 
and II (5,6), which spanned 1999 to 2001, and 2002 to 2003, respec-
tively. Although the gap between evidence and routine practice has 
been recognized (7-9), there are limited recent data on the temporal 
characteristics and ‘treatment-risk paradox’ of early invasive therapies 
for NSTE-ACS in the ‘real-world’ Canadian population. Furthermore, 
the impact of the publication of randomized trial evidence (10-12), 
including the Invasive versus Conservative Treatment in Unstable 
Coronary Syndromes (ICTUS) trial (13), which challenged the ben-
efits of a routine invasive approach, and treatment guidelines (1,2) on 
contemporary practice patterns in the ‘real world’, has not been well 
characterized. 

Therefore, the objectives of the present study were to examine the 
use of coronary angiography and revascularization strategies in relation 
to risk in a Canadian NSTE-ACS population, and determine temporal 
changes of the in-hospital management of NSTE-ACS in relation to 
patient risk using data collected from Canadian patients enrolled in 
the Global Registry of Acute Coronary Events (GRACE). A better 
understanding of these issues may help to maximize the benefits 
afforded by invasive therapies for NSTE-ACS in Canada. 

METHODS
Study design and population
Full details of the GRACE design and methods have been published 
(14,15). In brief, GRACE was a multinational, prospective registry 
designed to study an unbiased representation of patients with ACS, 
irrespective of geographical regions. Eligible patients were at least 
18 years of age and were admitted to the hospital for a presumptive 
diagnosis of ACS, with at least one of the following: abnormal cardiac 
biomarkers, electrocardiogram changes consistent with ACS and/or 
documented history of coronary artery disease. Patients with ACS 
precipitated or accompanied by surgery, trauma or serious comorbidity 
were excluded. At each site, trained personnel collected data on 
patient demographics, clinical presentation, treatment, use of cardiac 
procedures and outcome on standardized case report forms. To ensure 
the enrollment of an unselected population, each site was instructed to 
recruit the first 10 to 20 consecutive patients per month (depending 
on patient throughput at each site).

Subsequent to the initiation of the main GRACE in 1999, an 
expanded version of the project (GRACE2) provided an opportu-
nity for many additional hospitals and countries to enroll their 
ACS patients, starting in 2003. In total, 53 hospitals across Canada 
participated in GRACE and GRACE2; 18 (34.6 %) had on-site 
cardiac catheterization facilities and 11 (21.2 %) performed coro-
nary artery bypass grafting (CABG). Between June 1999 and 
September 2007, 13,352 patients with suspected ACS (including 
ST elevation myocardial infarction) were recruited; of these, 7927 
received a final diagnosis of NSTE-ACS based on standardized 
criteria. Due to missing data (which constituted less than 3% of 
cases for most variables), we could not determine the GRACE risk 
score for 796 patients who were excluded in the present study. 
Compared with the remaining cohort, these 796 patients had lower 
systolic blood pressure (P=0.01), higher Killip class (P<0.001), 
lower rate of positive biomarkers (P=0.015), more frequent cardiac 
arrest on presentation (P<0.001) and higher in-hospital mortality 
(P=0.048). 

Where required, study investigators received approval from their 
local hospital ethics or institutional review board. Informed consent 
was obtained from patients in hospitals requiring such permission. 

Patient stratification
The cohort for the present study (n=7131) was stratified, on the basis of 
predefined cut-off points of the GRACE risk score, into low-, 
 intermediate- and high-risk groups (16). The GRACE risk score was 
derived using data from 11,389 patients in the international GRACE 
patient population, and was designed to predict in-hospital mortality 
(c-statistic 0.83) (17-19). The GRACE risk model for in-hospital mortal-
ity is composed of the following predictor variables on presentation: age, 
heart rate, systolic blood pressure, cardiac arrest, Killip class, creatinine, 
ST segment deviation and biomarker status (20). All predictor variables 
were collected on admission to facilitate early risk stratification and guide 
management decisions. Patients in the present Canadian analysis were 
also categorized into three enrollment time periods – 1999 to 2003 
(n=1296), 2004 to 2005 (n=2846) and 2006 to 2007 (n=2989) – to 
explore temporal trends in patient management in relation to the 
publication of randomized trials (10-13) and guidelines (1,2). 

Statistical analysis
Continuous variables are presented as medians with interquartile 
ranges, and categorical variables as frequencies or percentages. Group 
comparisons of continuous and categorical variables were made by the 
Kruskal-Wallis test and χ2 test, respectively. Kendall’s tau-b test was 
used for nonparametric correlations. 

Multivariable logistic regression analysis was performed to deter-
mine the ORs (95% CIs) of independent predictors of in-hospital 
cardiac catheterization, adjusting for other hospital and patient factors 
previously shown to be related to the in-hospital use of invasive car-
diac procedures (3,21-23). Generalized estimating equations were used 
to account for the clustering of patients within hospitals. Model dis-
crimination and calibration were assessed by the c-statistic and the 
Hosmer-Lemeshow goodness-of-fit test, respectively. Because patients 
who died shortly after admission might not have had a chance to 
undergo cardiac catheterization, a sensitivity analysis was performed, 
excluding patients who died within 48 h of admission. Because of 
regional variations in the use of invasive cardiac procedures (and 
recruitment in GRACE2 only began in hospitals outside of Ontario in 
2003), a separate analysis, restricted to patients enrolled in Ontario 
hospitals (n=3611), was conducted. 

Statistical analysis was performed using SPSS version 15.0 (SPSS 
Inc, USA). A two-sided P<0.05 was considered to indicate statistical 
significance. 

RESULTS 
Patient characteristics
Table 1 shows the baseline characteristics, medical history and pre-
senting clinical features of the study population, stratified according to 
the three risk groups by GRACE risk score: 36.3% were classified as 
low risk, 31.4% as intermediate risk and 32.3% as high risk. The 
median (interquartile range) GRACE risk score of the overall cohort 
was 121 (97 to 151). Compared with the low- and intermediate-risk 
groups, patients in the high-risk category were older, more often 
women, more likely to have a history of hypertension, diabetes melli-
tus, previous congestive heart failure, previous transient ischemic 
attack or stroke, and peripheral vascular disease (Table 1). 

In-hospital outcomes
Overall, the rates of in-hospital mortality and death/myocardial 
 re-infarction (MI) were 2.8% and 5.7%, respectively. When analyzed 
as a continuous variable, GRACE risk score demonstrated excellent 
discrimination for in-hospital death (c-statistic 0.85, P<0.001) and the 
composite end point of death/re-MI (c-statistic 0.71, P<0.001). The 
trend of increasing in-hospital mortality rates in low- (0.3%), 
 intermediate- (1.0%) and high-risk (7.2%) patients was significant 
(P<0.001) (Table 2) and comparable with the published rates for the 
GRACE risk score. In addition, there was an increasing gradient of 
risk of death/re-MI across the higher GRACE risk groups. This signifi-
cant (P<0.001) trend toward increasing in-hospital death and re-MI 
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among higher-risk patients was sustained within each time period 
examined. 

Medication use within the first 24 h of admission
Table 3 illustrates the relationship between GRACE risk score and 
acute medication use in NSTE-ACS. High-risk patients were signifi-
cantly less likely than intermediate- and low-risk patients to receive 
acute treatment (less than 24 h) such as acetylsalicylic acid, thienopyri-
dine, low molecular weight heparin, glycoprotein IIb/IIIa inhibitor, 
beta-blocker and statin. Conversely, high-risk patients were more fre-
quently treated with calcium channel blockers.

In-hospital procedures 
The overall rates of cardiac catheterization, percutaneous coronary 
intervention (PCI) and CABG were 56.1%, 27.4% and 3.1%, 

respectively, during the initial hospitalization. Patients in low-, 
 intermediate- and high-risk groups received cardiac catheterization at 
a median (interquartile range) of three (two to five), three (two to 
five) and four (two to six) days after admission, respectively (Table 2). 
The time from admission to cardiac catheterization was positively cor-
related with GRACE risk score (P<0.001), with a significantly longer 
time among high-risk patients. There was an inverse relationship 
between time from hospitalization to cardiac catheterization, and the 
time period of enrollment (P<0.001). 

Similarly, there was an inverse relationship between the use of 
stress test and GRACE risk score: 26.8%, 21.7% and 16.3% of the 
low-, intermediate- and high-risk patients, respectively, underwent a 
stress test during the index hospitalization (P for trend <0.001). 

The rates of in-hospital cardiac procedures significantly increased 
over time. Cardiac catheterization rates were 47.9% (1999 to 2003), 

TAblE 1
baseline demographics and presenting characteristics of patients stratified into Global Registry of Acute Coronary Events 
(GRACE) risk groups

Characteristic
Overall*  
(n=7131)

GRACE risk group (score)

P (for trend)
Low (≤108)  
(n=2589)

Intermediate (109–140) 
(n=2236)

High (≥141)  
(n=2306)

Age, years 68 (57 to 77) 56 (50 to 63) 70 (62 to 77) 78 (71 to 84) <0.001
Women, % 34.9 28.6 36.1 40.7 <0.001
Medical history, %

Smoker 24.0 33.2 22.2 15.2 <0.001
Dyslipidemia 56.2 57.7 59.0 51.7 <0.001
Hypertension 63.6 56.2 66.2 69.3 <0.001
Diabetes mellitus 28.8 23.5 29.2 34.5 <0.001
Angina 51.8 47.5 53.6 55.0 <0.001
Previous myocardial infarction 36.6 30.2 36.7 43.7 <0.001
Previous percutaneous coronary intervention 19.0 21.2 20.7 14.9 <0.001
Previous coronary artery bypass graft 14.5 11.0 16.1 17.1 <0.001
Previous congestive heart failure 11.6 3.0 8.6 24.0 <0.001
Previous transient ischemic attack/stroke 9.8 5.2 8.9 15.8 <0.001
Previous peripheral vascular disease 9.8 5.3 9.6 15.2 <0.001

Presenting characteristics
Heart rate, beats/min 78 (66 to 92) 74 (64 to 86) 76 (65 to 89) 88 (73 to 109) <0.001
Systolic blood pressure, mmHg 145 (127 to 164) 152 (137 to 172) 145 (128 to 162) 134 (116 to 154) <0.001
Killip class, %

I 84.6 98.6 92.2 61.7 <0.001
II 10.2 1.3 6.9 23.3
III/IV 5.2 0.1 0.9 15.1

Serum creatinine, μmol/L 92 (78 to 114) 85 (74 to 97) 92 (78 to 110) 108 (87 to 141) <0.001
Cardiac arrest, % 0.5 0.0 0.2 1.4 <0.001
ST deviation, % 31.8 8.5 29.0 60.6 <0.001
Abnormal cardiac biomarker, % 42.1 27.8 41.7 58.4 <0.001

Data presented as median (interquartile range) unless otherwise indicated. *GRACE risk score not calculated for 10% (n=796) of patients due to incomplete data

TAblE 2
In-hospital procedures and outcomes by Global Registry of Acute Coronary Events (GRACE) risk score

Characteristic Overall (n=7131)

GRACE risk group (score)
Low (≤108)  
(n=2589)

Intermediate (109–140) 
(n=2236)

High (≥141)  
(n=2306) P (for trend)

Cardiac catheterization, % 56.1 64.7 60.3 42.3 <0.001
Time to cardiac catheterization, days* 3 (2 to 5) 3 (2 to 5) 3 (2 to 5) 4 (2 to 6) <0.001
Percutaneous coronary intervention, % 27.4 31.7 30.0 20.0 <0.001
Coronary artery bypass grafting, % 3.1 2.6 3.6 3.1 0.36
Percutaneous coronary intervention/

coronary artery bypass grafting, %
29.0 32.8 32.3 21.7 <0.001

Death, % 2.8 0.3 1.0 7.2 <0.001
Death/myocardial re-infarction, % 5.7 2.8 3.4 11.3 <0.001
*Data presented as median (interquartile range)
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51.6% (2004 to 2005) and 63.8% (2006 to 2007) (P<0.001), while 
PCI rates increased from 14.1% to 25.4% to 35.2% (P<0.001) during 
the same respective time periods (Table 4). However, the rates of 
CABG remained relatively unchanged at 3.2%, 2.8% and 3.2%, 
respectively (P=0.76). Overall, the rate of coronary revascularization 
(PCI or CABG) also showed a significant temporal increase. 

Despite the temporal trend toward an increasing use of invasive 
cardiac procedures, overall, there was an inverse relationship between 
GRACE risk group and either cardiac catheterization, PCI or any revas-
cularization (PCI/CABG) (Table 2). This relationship persisted across 
the study time periods for rates of cardiac catheterization (Figure 1) and 
PCI (Figure 2), but not for CABG (Figure 3). Patients with a higher 
calculated GRACE risk score consistently had lower rates of cardiac 

catheterization and PCI. These patterns were consistently observed in 
hospitals with or without on-site cardiac catheterization facilities. 

In a multivariable analysis adjusting for other confounders, 
 intermediate- and high-risk patients were significantly less likely to 
undergo cardiac catheterization during the index hospitalization than 
low-risk patients (Table 5). The model c-statistic was 0.68 and the 
P-value for the Hosmer-Lemeshow goodness-of-fit test was 0.60, dem-
onstrating adequate discrimination and calibration, respectively. After 
further adjustment for previous heart failure and coronary revascular-
ization, GRACE risk score maintained a strong negative association 
with the use of cardiac catheterization (adjusted OR 0.87 [95% CI 
0.76 to 0.99], P=0.039 for the intermediate-risk group; and adjusted 
OR 0.45 [95% CI 0.35 to 0.58], P<0.001 for the high-risk group). 

TAblE 3
Medication use by Global Registry of Acute Coronary Events (GRACE) risk groups

Treatment within first 24 h
Overall 

(n=7131), %

GRACE risk group (score)

P (for trend)
Low (≤108)  
(n=2589), %

Intermediate (109–140) 
(n=2236), %

High (≥141)  
(n=2306), %

Acetylsalicylic acid 91.2 94.5 91.9 86.8 <0.001
Thienopyridine 58.7 63.4 61.5 50.7 <0.001
Unfractionated heparin 28.4 25.2 29.4 31.1 <0.001
Low molecular weight heparin 62.5 69.1 62.3 55.2 <0.001
Glycoprotein IIb/IIIa inhibitor 7.0 7.5 8.1 5.2 0.003
Angiotensin-converting enzyme inhibitor 55.3 54.6 56.0 55.5 0.52
Beta-blocker 77.7 82.0 78.4 72.2 <0.001
Angiotensin receptor blocker 10.8 8.7 12.4 11.7 0.001
Calcium channel blocker 25.6 20.4 25.9 31.3 <0.001
Statin 65.5 68.2 67.4 60.5 <0.001

TabLe 4
In-hospital procedures by time period of enrollment
Procedure Overall (n=7131) 1999–2003 (n=1296) 2004–2005 (n=2846) 2006–2007 (n=2989) P (for trend)
Cardiac catheterization, % 56.1 47.9 51.6 63.8 <0.001
Time to cardiac catheterization, days* 3 (2 to 5) 4 (2 to 6) 3 (2 to 5) 3 (2 to 5) <0.001
PCI, % 27.4 14.1 25.4 35.2 <0.001
CABG, % 3.1 3.2 2.8 3.2 0.76
PCI/CABG, % 29.9 17.3 27.4 37.9 <0.001
*Data presented as median (interquartile range). CABG Coronary artery bypass grafting; PCI Percutaneous coronary intervention

Figure 2) Rates of in-hospital percutaneous coronary intervention (PCI) 
across enrollment time periods in low-, intermediate- and high-risk patients 
as per the Global Registry of Acute Coronary Events (GRACE) risk score

Figure 1) Rates of in-hospital cardiac catheterization (Cath) across enroll-
ment time periods in low-, intermediate- and high-risk patients as per the 
Global Registry of Acute Coronary Events (GRACE) risk score

0

20

40

60

80

100

1999-2003
(n=1296)

2004-2005
(n=2846)

2006-2007
(n=2989)

%
 C

at
h 

low 
intermed
high

P for trend <0.001 

P for trend <0.001 

P for trend <0.001 

0

10

20

30

40

50

60

1999-2003
(n=1296)

2004-2005
(n=2846)

2006-2007
(n=2989)

%
 P

C
I 

low 
intermed
high

P for trend= 0.001 

P for trend <0.001 

P for trend <0.001 



Jedrzkiewicz et al

Can J Cardiol Vol 25 No 11 November 2009e374

Finally, similar results were obtained in sensitivity analyses that 
excluded early deaths within 48 h of admission (adjusted OR 0.80 
[95% CI 0.70 to 0.92], P=0.002 for the intermediate-risk group; and 
adjusted OR 0.38 [95% CI 0.30 to 0.49], P<0.001 for the high-risk 
group) or the elderly (age of 75 years or older), and in a separate analy-
sis restricted to patients admitted to hospitals in Ontario. 

DISCUSSION
The results of the present study illustrate that in a relatively unselected 
population of NSTE-ACS patients, patients at higher baseline risk 
according to GRACE risk score (which is a powerful predictor of 
adverse outcomes) had, paradoxically, a lower adjusted rate of cardiac 
catheterization. Furthermore, this inverse relationship persisted across 
several time periods. These findings imply that, despite guideline rec-
ommendations, physicians fail to selectively target an invasive 
approach toward high-risk NSTE-ACS patients.

Although previous studies have examined the use of cardiac cath-
eterization in the 1990s, it is important to re-evaluate more recent 
temporal trends in management patterns since the publication of clini-
cal trials (10-13) and practice guidelines (1,2) for NSTE-ACS. Several 
landmark trials demonstrated the benefits of an early invasive strategy, 
especially in high-risk patients. The FRagmin and Fast Revascularization 
during InStability in Coronary artery disease (FRISC II) (10), Treat 
Angina With Aggrastat and Determine Cost of Therapy with an 
Invasive or Conservative Strategy-Thrombolysis in Myocardial 
Infarction 18 (TACTICS-TIMI 18) (11) and Randomized Intervention 
Trial of unstable Angina (RITA)-3 (12) studies all showed benefit 
with an early invasive strategy with respect to a reduction in the inci-
dence of MI. More importantly, an early invasive strategy conferred a 
significant mortality benefit over the long term in both FRISC II (one 
year) and RITA-3 (five years). In contrast, the most recent ICTUS 
trial (13), which evaluated an early invasive strategy in a high-risk 
NSTE-ACS population with elevated levels of cardiac troponin, failed 
to show a reduction in the composite end point of death, MI or 
 re-hospitalization for ACS at both one year and three years. These 
new data challenge the benefits of a routine early invasive strategy and 
are reflected in the current NSTE-ACS guidelines (2), which suggest 
that an initial conservative strategy is acceptable for patients in the 
absence of high-risk features.

Concurrent with the evolving evidence base from clinical trials, 
the past decade also had a proliferation in the use of invasive cardiac 
procedures (24,25). The most recent large-scale study of management 

patterns in relation to risk stratification in a Canadian population of 
NSTE-ACS reflects data from 1999 to 2003 (6). Thus, there are only 
limited contemporary data on the ‘real-world’ management of NSTE-
ACS in Canada, since the publication of the ICTUS trial and the 
increased availability of invasive cardiac procedures (24,25). 

In the present study, the overall rates of cardiac catheterization 
increased significantly over time, while median time to cardiac cathe-
terization showed a significant decline in the more recent patient 
cohort. This likely reflects an increased access to these procedures in 
our health care system. However, when cardiac catheterization rates 
were examined in relation to GRACE risk score, the high-risk patients 
had a lower adjusted rate of cardiac catheterization and the longest 
time to this procedure; this relationship persisted over time. These 
high-risk patients experienced a significantly higher rate of  in-hospital 
death and re-MI, suggesting that they would likely benefit from a more 
invasive approach (2). These findings are consistent with earlier data 
from the Canadian ACS I and ACS II registries (6), but remain discor-
dant with the current evidence- based practice guidelines (2). In addi-
tion to higher GRACE risk scores, there were several other independent 
negative predictors of in-hospital cardiac catheterization, including a 
history of heart failure, previous CABG and female sex. This longer 
time to cardiac catheterization among high-risk patients implies a 
treatment gap that could potentially be narrowed with a more effective 
triage system, in which clinicians routinely include a risk score assess-
ment to identify the NSTE-ACS patients requiring the most urgent 
invasive investigations. Importantly, we observed a similar inverse 
relationship between the administration of evidence-based antithrom-
botic therapies and patient risk. The GRACE risk score, externally 
validated in ACS patients (16,19,20), was endorsed in the latest man-
agement guidelines (2) as a useful risk-stratification tool for the man-
agement of NSTE-ACS. This would likely improve the effectiveness 
of an early invasive strategy and potent antithrombotic therapies by 
selectively targeting them toward higher-risk patients, who may derive 
the greatest therapeutic benefit. 

In the present study, 3119 (43.9%) patients were not referred for 
in-hospital cardiac catheterization during the index hospitalization. 
Although we did not specifically address the question of why patients 
were not referred for invasive investigations, this has been the focus of 
previous investigations. Data from the Canadian ACS registry (26) 
show that the reason most frequently cited by physicians (68.4%) was 
that the patient was not high risk and/or current clinical evidence did 
not support an early invasive strategy. Of note, 59.1% of these patients 
were determined to be intermediate-to-high risk according to a vali-
dated risk score. Moreover, in-hospital revascularization is associated 
with lower one-year mortality among these high-risk patients (19,27). 
Our study further supports the notion that physicians do not tailor 
invasive cardiac procedures appropriately according to the patients’ 
true risk of adverse outcome (6,20). 

TAblE 5
Independent predictors of in-hospital cardiac 
catheterization
Independent predictor adjusted OR (95% CI) P
Female sex 0.75 (0.66–0.86) <0.001
Presence of on-site cardiac 

catheterization facility
3.17 (2.01–5.01) <0.001

Time of enrollment
1999–2003 Reference
2004–2005 1.41 (0.97–2.04) 0.071
2006–2007 2.44 (1.67–3.58) <0.001

GRACE risk score
Low Reference
Intermediate 0.80 (0.70–0.92) 0.002
High 0.38 (0.29–0.48) <0.001

GRACE, Global Registry of Acute Coronary Events

Figure 3) Rates of in-hospital coronary artery bypass grafting (CABG) 
across enrollment time periods in low-, intermediate- and high-risk patients 
as per the Global Registry of Acute Coronary Events (GRACE) risk score
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Limitations
Several limitations of the present study should be addressed. While 
GRACE is a prospective, large multinational registry with standard 
criteria for ACS and an emphasis on quality assurance, the present 
study was a retrospective analysis. However, this allowed us to more 
critically examine practice management in the ‘real world’ without 
influencing physicians’ clinical decisions. Second, the number of 
patients enrolled in the early time period (1999 to 2003) was 
appreciably smaller. Thus, the early practice pattern observed in 
the present study may be less representative of the general popula-
tion. Third, the registry aimed to recruit consecutive patients, but 
this cannot be verified, so the patient population may not be truly 
unselected. Fourth, although the GRACE risk score offers a fairly 
accurate risk assessment based on various historical and clinical 
features, there are immeasurable factors, such as other medical 
comorbidities and patient preference, that might influence clinical 
decisions. Therefore, the present study may have overestimated the 
number of high-risk patients who would be eligible for cardiac 
catheterization. However, underestimation of risk, rather than 
comorbidities, appears to be the main reason for withholding inva-
sive cardiac procedures in the management of high-risk ACS (26). 
Fifth, due to missing data, we could not determine GRACE risk 
score for 796 patients who were excluded from the study, which 
could have introduced bias. Finally, we did not evaluate the rela-
tionship between  in-hospital invasive treatment and long-term 
outcome, although this was the focus of previous studies (19,27). 

CONCLUSIONS
Fewer invasive cardiac procedures were performed among high-risk 
NSTE-ACS patients stratified by GRACE risk score. This inverse 
relationship was strong and consistently observed across all time peri-
ods examined. This treatment-risk paradox prevents the most effective 
use of invasive cardiac procedures in those high-risk patients who may 
derive the greatest therapeutic benefits. Strategies to eradicate this 
treatment- risk paradox, such as improved and objective risk stratifica-
tion to inform management decisions, should be considered carefully. 
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